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1 SCOPE

This document describes the interface and underlying softare that will sit between the data held in
the science archives of the VISTA Data Flow System (VDFS) andthe end user. In this context a user
might be an astronomer from an ESO member country, a non-ESO asnomer or to a lesser extent a
member of the public.

The VDFS science archives are the WFCAM Science Archive (WSAand the VISTA Science Archive
(VSA). The Science Requirements Analysis Document (ADO1) &ys out the conditions for user access
to these archives and drives the development of the user-intéace. From a user-interface point of view,
many of the requirements and methods of implementation are isnilar or indeed the same for the WSA
and VSA. This document will take a joint approach to the archives highlighting any di®erences as they
occur. VDFS design policy was to develop the WSA rst and some=xamples of existing functionality
are included.

2 INTRODUCTION

The WSA and VSA websites will be the primary point of contact for users and Section 3 gives a
summary of their construction and content.

If users wish to access data still under a proprietary periodthey will “rst need to be authenticated in
order to verify their access rights to the data. User authentcation is outlined in Section 4.

Users of the archives will be mainly interested in access tohe stored pixel data (FITS images)
and/or the generated object catalogues. The archives will ®re pixel data in °at Tes with the
meta-data loaded into a Relational DataBase Management Sygm (RDBMS). Object catalogue data
are read from FITS catalogue les during the curation procedires and stored directly in the RDBMS
(though the FITS catalogue Tes will also be archived). During curation any enhanced object catalogue
products are also produced and loaded into the RDBMS e.g. mged source and neighbour tables.

The way the data are held in the archive and the di®erent soft@re required to process user requests
lead us to consider these two types of access in separate secs.

Section 5 discusses the user interface to the pixel data sgiing it up into the di®erent ways in which
users will be able to extract image data and the underlying stiware required.

The user interface providing access to the object cataloguelata is similarly broken down and the
subject of Section 6.

Ensuring the archive interface conforms to emerging Virtud Observatory standards and housekeeping
issues are brie°y discussed in Sections 7 and 8.

Section 9 lists the documentation that will be provided to assist the user.

3 VDFS WEBSITES

Initial access to information on the WSA and VSA and to the data is via the websites maintained by
WFAU. The WSA website is at

http://surveys.roe.ac.uk/wsa
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3.1 Construction

Apache web servers running under Linux and o®ering up CGI hdsthe VDFS websites. Tomcat is
installed on the servers providing Java servlet functionaity. All the sites' pages and forms are HTML
4.01 compliant. This ensures they work with a wide range of bowsers on common operating systems.
Speci cally they have been tested using Microsoft InternetExplorer under Windows and Netscape
variants running on Unix/Linux. Cascading Style Sheets (CSS) will also be used to build the website.

Experience with the WSA has shown that it has been necessaryot make use of Javascript in some of
the web forms to enhance the functionality.

3.2 Content summary

The VDFS websites will consist of

2 introductory pages
2 information on the various surveys, their progress and whatis held in the archives

2 web forms enabling the user to access the data and pages debong other access points (see
Sections 5 and 6)

2 a schema browser, used to explore the structure and contentfdhe databases in the archives
(see Section 9)

2 documentation and help pages (see Section 9)

2 links to relevant resources (e.g. WFCAM, UKIDSS, VIRCAM etc).

4 USER AUTHENTICATION

Data held in the WSA and VSA are subject to a proprietary period during which time they should
only be accessible to authorised users. To facilitate thisproprietary data are to be held in protected
databases until their proprietary period has expired at which point the database will becomeworld-
readable

Users wishing to access proprietary data through the user-iterface will need to be registered with the
archives. For UKIDSS data held in the WSA the list of registered users is maintained by a group of
community contacts. These contacts administer their community (adding users, changing passwords
etc) though a password protected interface (Java servlet) povided by WFAU. The list of registered
non-survey users who wish to access their open-time data is m#ained by WFAU sta®. The lists of
registered users are held in a database in the archive.

When accessing data under its proprietary period users mustrst login using a web form. The attempt

to login is authenticated against the lists of users in the daabase. Successful logins are stored in a
browser session. The session login status is then used by thecess points described below to determine
which database(s) the user is allowed to access. The undeityg database connections are also based
on login status. These connections will fail if a user attemps un-authorised access to a proprietary
database. A user's login status is displayed at the top of althe web forms accessing the archive.
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5 PIXEL DATA

As detailed in document AD02 the WSA and VSA will store the pixel data in multi-extension FITS
‘les in a °at Te system. Tables in the SQL databases will hold the meta data extracted from each
image and will also record the path/ lename of the corresporling FITS Te. The SQL database resides
on a separate machine (Windows PC) that is networked to the wé server. The FITS les are on disks
also visible to the web server.

Di®erent ways for accessing the pixel data are described ¥ with a schematic representation given
in Fig 1.

Client
e.g web
browser

requestsl T results

Apache Flat-file pixel
Server Y archive
Tomcat/CGI FITS & JPEG

SQL SQL
query JDBC results

Image meta-data
Object catalogues

MS SQL
Server

Figure 1: Schematic overview of data access

The primary access route for users will be via web forms on th&VSA website. In general terms the
forms will action a Java servlet that queries the relevant ddabase pulling out any matching results.
The resulting parameters (Tenames, extension numbers efcare passed to CGlI scripts to perform any
necessary image manipulation. Speed and exciency is more portant in the low level manipulation
of the binary data and this is carried out using C code.

Some speci ¢ examples of pixel access methods are give below
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5.1 Small image extraction - pixel form 1 (PF1)

This form will enable users to extract an image cut-out from a SNGLE extension of a stored FITS le.
The maximum size extracted will therefore be limited by the area covered by the extension accessed.

Boxes and menus on the form will allow the user to specify the elestial coordinates of the extraction
(decimal degrees or sexagesimal), the coordinate system3000, B1950, Galactic), the size of the area
to extract (x,y in arcmin), the waveband, and type of image to use (normal, stack, interleave etc)

When submitted this form will action a Java servlet on the server. A summary of the tasks the script
will perform is given below:

2 parse the inputted parameters and check they are valid. If poblems are detected output message
to browser and exit;

2 convert inputted coordinates/system to RA and Dec (J2000 desimal degrees).

2 check RA and DEC are valid i.e. 0- RA - 360 andj 90- DEC - +90, if not output message
to browser and exit.

2 construct the SQL query string needed to select the relevantmage parameters of any matching
archived FITS image from the relevant database table

2 execute SQL query via JDBC

2 parse the results using the AST library and WCS values to detemine the pixel coordinates of
the requested position.

2 output table containing HTTP links, that lists matching ima ges.

2 these links action CGI scripts that use C-code to generate andlisplay the jpegs and produce
FITS images of the cut-out region.

Small image extractions are completed in real time (under 3Geconds).

5.2 Batch small image extraction - pixel form 2 (PF2)

Uploading a Te of coordinates to this multi-part form provid es the user with a batch mode front end
to the functionality o®ered in Section 5.1. Users are askedot supply the path of the upload Te, size
of extraction, waveband, and a valid email address.

A limit needs to be placed on the total amount of pixel data that can be extracted. For the WSA this
is currently set to a total area of 500 sqg. arcmin.

The Java servlet actioned by this form carries out similar seps to those described above in Section 5.1
as it loops through the input Te. Output is written to a tempo rary results Te and if a given image
can not be extracted the script will skip to the next one. After initial checking of the input parameters
and execution of the SQL query, the actual extractions are ru in the background with a message
being returned to the browser informing the user that an emal will be sent to them when the script
has nished.

The email sent on completion provides the user with a URL whee the results can be viewed an
downloaded. These results include a tar saveset of the extcied FITS Tes and a PDF le of the jpeg
images.

For the WSA in order to narrow down the number of matching images for a given coordinate the user
is also be asked which survey or programme to use. The undeilyg SQL query is then joined with
the relevant mergelLog table which ensures the optimum sciese frames are returned.
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5.3 Large image extraction - pixel form 3 (PF3)

This form will enable users to construct an image from multide detector frames covering an area
of sky up to 1.0 degree across. However the underlying mosa&ig software will be able to generate
arbitrarily large areas.

The inputted parameters will be similar to PF1 (Section 5.1) but with the addition of a text box to
enter the scrunch factor (pixel binning) of the returned image and a box to enter the user's emalil
address.

This form will again action a servlet. The main di®erence in he processing steps outlined in Sec-
tion 5.1 is that the initial SQL query constructed and sent to the image database table will return
the path/ Tenames of all images held that overlap with the area of sky requested. This list of Tes
together with the size and binning requested for the output image will in turn be passed to a local
copy of the CASU mosaicing code that will combine the Tes together into a single image. As a large
amount of pixel re-sampling can be involved the main work willbe done in the background with the
user being noti ed by email on completion.

5.4 Stacked image generation - pixel form 4 (PF4)

After submitting user inputted values for position and waveband this form will return a list of matching
images as part of another web form. Users will then select wih of the images should be stacked and
supply an email address.

On submission this second form will action a CGI script that inputs the selected images to a local
copy of the CASU stacking tool. Again the intensive processig is done as a background task with an
email noti cation being sent on completion.

5.5 Browsable access to pixel data

The WSA website has (and the VSA website will have) static tades and charts displaying the contents
of the archive. These pages are generated periodically usliiacoinciding with data releases. In addition
a web form will allow users to browse and list the contents of he archive. Options on the form such
as lter, date range, observation type etc. allow the listing to be re ned.

Once again the form actions a Java servlet that performs the equired SQL query on the relevant
database. The servlet returns the lists as HTML tables. Theg tables contain links allowing the user
to view the library jpeg images of the multiframe extensionsand download the FITS image le and
any associated FITS catalogue.

5.6 Other access to pixel data

The functionality o®ered in Section 5.1 can be made compatie with the GAIA (based on SkyCAT)
and Aladin tools. The underlying servlet will be very similar, (or indeed possibly the same but with
di®erent options being executed). The main di®erence beirtpat the generated FITS image is piped
directly back to the querying tool. Essentially this method just exposes a queryable URL that could
be accessed directly from the command line (e.g. using wgegllowing users to create their own batch
extractions.

The methods outlined in this section will only access data @ssed as world readable.
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5.7 Demonstrations of pixel access
The single and batch image cut-out access methods (PF1 and PRzhave been implemented in the
WSA

Access to SuperCOSMOS Sky Surveys (SSS) data has been madaitable from within GAIA (un-
der Data-Servers> Browse Catalog Directories... and open/expand SuperCOSM@ catalogues) and
Aladin (under load > image servers> others).

The queryable URL functionality described in Section 5.6 ha been supplied to the 6dF observers who
routinely use it to generate SSS nders for checking target bjects (3000-10000 extractions per week).

Screenshots of some of the access methods described abowe @movided in the Appendix (Section 10).

6 OBJECT CATALOGUE DATA

Object catalogue data are stored in SQL Server database tabk on a Windows machine networked to
the web server. The basic recipe for access is described belo

2 Java servlet running under Tomcat on web server parses and @tks parameters supplied by user
2 servlet carries out any necessary coordinate manipulatioftonversion

2 servlet constructs SQL query based on inputted parameters rad required function.

2 servlet connects to SQL server using JDBC and submits query

2 SQL server performs query and returns results

2 servlet reads results and parses data into desired output fonat

2 gservlet outputs results to user either as html, links to “les or directly as stream.

Note that the intensive part of any query is carried out by SQL Server. Much of the di®erences in
functionality of the access methods described below lie intte construction of the SQL query, the code
for executing the query is largely generic and re-usable.

The amount of data returned by a query and written to "Te needs to be restricted. For the WSA this
is currently set at 15 million cells (e.g. a million rows with 15 attributes).

Again the primary access method is via web forms. A user's lag status is used to ensure they are
authorised to query the requested database.

6.1 Radial Search - Object Form 1 (OF1)

This form enables a user to extract objects within a speci eddistance of a supplied position (RA/DEC,
Galactic) or object name. Other options passed from the formto the servlet are: which survey to
search, which parameters to extract (all, subset or user sp® ed), any additional constraints (used
to form the SQL WHERE clause), the format of the output data (H TML, delimited ascii Te, binary
FITS table, VOTable).

The actioned servlet rst converts the inputted coordinates or resolves the inputted name (using
SIMBAD) to an RA and DEC in J2000 decimal degrees. An SQL queryis then formed that exciently
searches through the required table using the indexes on RAral Dec.
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The servlet submits the query as a separate thread, with the main thread keeping the browser con-
nection active and checking that it hasn't been stopped by the user.

On completion the query thread parses and formats the retured rows, writes the data to Te if
requested and prints any HTML table output and links to Tes t o the browser window.

6.2 Rectangular Search - Object Form 2 (OF2)

Similar to the radial search but this time an SQL function is used that extracts objects bounded by
limits in RA and DEC (or the coordinate system requested).

6.3 SQL query - Object Form 3 (OF3)

There are two versions of this form. The rst uses drop down meus and text boxes to guide the
user in building an SQL query for execution by the servlet. Ugrs are able to choose/input values
to construct the SELECT, FROM and WHERE clauses of SQL. An option enables the querying of
a second table joined with the primary table. The secondary able can be one of the non-WFCAM
based tables held in the archive e.g. 2MASS or SDSS. Joins areade via the neighbours table for a
given combination.

The second version is based around a text box into which usersith knowledge of SQL and the
contents of the WSA or VSA (which will be documented) can directly input their SQL query.

Output options for both versions will be as OF1. Results of lang-running queries are sent by email to
users.

6.4 Cross-matching a catalogue - Object Form 4 (OF4)

This multipart form o®ers the user the ability to upload a list of coordinates and match them against
tables held in the database.

Users specify the pairing radius and whether they want just he nearest object or all matching objects
extracted.

Unlike the previous object catalogue forms several SQL staments are executed by the servlet. The
“rst of these creates a temporary database table, that tableis then populated with the contents of
the upload Te. Finally the requested database table and tenporary table are paired. The temporary
table is automatically dropped when the JDBC connection is dosed.

6.5 Browsable access to catalogue data

As detailed in Section 5.5 the archive listing form providesa browsable way to reach links to the object
catalogues which are stored as FITS binary tables (generatefrom and associated with a given FITS
image le by the CASU standard source extraction tool).

6.6 Other access to catalogue data

The functionality o®ered in Section 6.1 will be made compatile with the GAIA and Aladin tools. Some
of the options available on the web form will be hard-wired to £nsible defaults for this implementation
(e.g. the parameters returned) as the interface, especiallwith GAIA, is not fully con gurable. As
previously mention in Section 5.6 the underlying queryableURL can be made accessible from the
command line using wget.

Again the methods outlined in this section will only access @ta classed as world readable.
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6.7 Demonstrations of catalogue access

The core functionality described in Sections 6.1, 6.3 and @.is implemented in the WSA under:
http://surveys.roe.ac.uk:8080/wsa/region _form.jsp

http://surveys.roe.ac.uk:8080/wsa/menu _form.jsp

http://surveys.roe.ac.uk:8080/wsa/SQL _form.jsp

http://surveys.roe.ac.uk:8080/wsa/crossID _form.jsp

respectively.

Cross-matching an uploaded Te of 1000 records with the UKIDS Large Area Survey takes approxi-
mately 30 seconds.

Screenshots of some of the examples described above are pded in the Appendix (Section 10).

7  VIRTUAL OBSERVATORY CONSIDERATIONS

This topic will be covered in detail AD0O3. However it is worth noting here that VOTable format is
one of the output options for the object catalogue access.

8 HOUSEKEEPING

Temporary output Tes generated by user requests are written to a publicly (HTTP) accessible area
of the Te system. A cron job run daily and deletes any of these les more than 48 hours old.

Log Tes and database tables of user access are archived andad to monitor and generate statistics on
archive usage (hits, queries, data volume served). In the tee months following the WSA DR1 release
some 2800 SQL queries were made via OF2 and nearly 0.5 billicows of data were returned. In the
same period just over 900 archived FITS Tes were downloadetby users via the archive listing form.

9 USER DOCUMENTATION

The WSA website has and VSA websites will have extensive ontie documentation to help the user
including:

2 Information speci c to each access method

2 Links to explanations of options/input on web forms

2 Example usage and queries (e.g use cases \how do | extract ".and lled in forms)

2 Detailed description of database contents e.g. tables, pameters (type, range), functions, con-
straints

2 SQL tutorial
2 FAQ

2 E-mail contact for support and feedback
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9.1 Schema Browser

The database contents of the archives are documented in deilan the Schema Browser section of the
website. Users can navigate through the database design wiéng documentation on schemas, tables,
views, columns and functions. For a given attribute or columm the following information is available:
name, type, length, unit, description, default value and Uni ed Content Descriptor (UCD). Where
necessary more detailed information on a given attribute isprovided via a link to the glossary section
of the Schema Browser.
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10 APPENDIX

This section shows screenshots of some of the ways users camcess the archives held at WFAU.

Home | Overview | Browser | Access | Login | Cookbook | nonSurvey

Science Archived

WSA Home
Start Here U his form to cut-out images around a position ar ohje: me. For help an using this form getimage help

Image Extraction

Data Overview
Known Issues

the Surveys Database release to use: |(SUB==IBEAlREER
Schema browser .
Select the programme/survey you wish to use: [RIRSIS|BIETTV=E =

Data access
Login

Archive Listing
Geflmage
MultiGetimage
Region

Menu query
Freeform SQL
CrossiD

SQL Cookbook
Q&A
Glossary

Release History Observation type
non-Survey ‘ Erame iyne:

Publications
Downtime
Links

PCARGE A

-

Figure 2: Screenshot of the WSA (PF1) pixel web form.
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UKIDSS Large Area Survey, LAS Y

page 1 of Sununary 1 2

1. miID=316570
Ra/MDec 338.87767, 1.1825
223530.6+011057 fits. gz

2 mflD=167374
RasDec 21257376, 0.2122
141017 74001244 fitz. gz

3. mflD=456365

Ré/MDec 24.38093, 0.85595
013731.44005134 fits gz

4. mfID=317410
R&/Dec 45.62037, 1.3902
030228 94+012325 fits gz

= o G "‘l;"l 7 A

5. milD=4686584
R&/MDec 3112731, 0.9475
020430.6+005651 fits gz

& mflD=478133

‘RaDec 147.02750, -2.5450

094806 6-023257 fits gz

7 mfD=520855
RaDec 146.04919, -1.5034
004411 8-013012 fits gz

3 miD=504454
Ra/Dec 39.03005, 0.3978
023607 24002352 fits. gz

3 mfilD=313262
Ra/MDec 10.23213, 0.1855
0040557001108 fits. gz

10, mfAD=159906

135551.7+002420 fits. gz

Ra/Mec 208.36542, 04057

L D3040
RDec 353.58995, -0.0268
233421 6-000136 fits. 2z

12, mflD=520499

092250 4 01304? fits. gz

RaDee 140071018, -1.5132

13, mflD=501565
R&Dec 154.51413, -2.8505
101803.4-025326 fits. gz

- —_—

14, mflD=436785
R&Mec 127.58595, 4.6612
DE3020. 64043540 fits. gz

15, mfD=318640
RiDec 44.50043, 05976
025821 7+003551 fits 2z

16. mﬂD—530990

R&Dec 13076145, -1.0964

084302.7-010547 fits. gz

17" mﬂD 289046
Ra/MDec 3.0516Z, -0.2865
D01212.4-001745 fits. gz

18. mflD=525792

023935 4+001040 fits. gz

RaDee 39.89741, 0.1778

19, mfID=520499
Ra/Dec 140.88836, -1.6462
092333.2-013846 fts.gz

20, mfD—432684

093615.6-024530 fits. gz

RaMDee 144.06503, -2.7584

page 1 of Summary 1 2

Figure 3: Screenshot of results from the WSA batch pixel web form (PF2)

>
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Figure 4: Screenshot of WSA Archive Listing.
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Figure 5: Screenshot displaying WSA multiframe from an archive listng.
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Figure 6: Screenshot of WSA SQL menu query builder.
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Figure 7: Screenshot of colour-colour diagram in TOPCAT from a WSA SQL query.
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Figure 8: Screenshot of WSA Schema Browser.

11 ACRONYMS & ABBREVIATIONS

6dF : Six-degree eld

6dFGS : Six-degree eld Galaxy Survey
ADnn : Applicable Document No nn
CGI : Common Gateway Interface
CASU : Cambridge Astronomical Survey Unit
DBD : Database Driver

DBI : Database Interface

DXS : Deep Extragalactic Survey
JDBC : Java Database Connectivity
LAS : Large Area Survey

LWP : LibWWW-Perl

HTML : HyperText Markup Language

19
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HTTP : Hypertext Transfer Protocol

SOAP : Simple Object Access Protocol

SQL : Structured Query Language

SSS : SuperCOSMOS Sky Surveys

SSA : SuperCOSMOS Science Archive UDS : Ultra Deep Survey
UKIDSS : UKIRT Infrared Deep Sky Survey

VIRCAM : VISTA InfrarRed Camera VISTA : Visible and Infrared Survey Telescope for Astronomy
VPO : VISTA Project O+ce

W3C : World-Wide Web Consortium

WFAU : Wide Field Astronomy Unit (Edinburgh)

WFCAM : Wide-Field Camera

XML : eXtensible Markup Language

12 APPLICABLE DOCUMENTS

ADO1 | Science Requirements Analysis Document| VDF-WFA-VSA-002
Issue: 1.0 09/06

ADO02 | Database Design Document VDF-WFA-VSA-007
Issue 1.0 09/06
ADO3 | Virtual Observatory integration VDF-WFA-VSA-010

Issue 1.0 09/06
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