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1 INTR ODUCTION

Standard, top{lev el analysis for complex digital systemsconsistsof:

1. de¯nition of requirements and speci¯cations,

2. undertaking analysis and design,

3. code development and debugging,

4. unit and integration testing,

5. deployment and maintenance;

this sequenceusually being iterativ e asscope/speci¯cations changeand feedback to modify the system
requirements.

WFCAM (seeAppendix A.1) is a new camerafor the 3.8m United Kingdom Infrared Telescope. This
large format camerawill have an unprecedented data rate. Ultimately , successfulscienceexploitation
of WFCAM will depend on user accessto the large data volumesgeneratedby this instrument. Data
volumes are far in excessof those that userscan expect to hold and processon their own facilities.
This leadsto the conceptof pipeline processingand the establishment of a centralised `sciencearchive'.
The project to develop the WFCAM ScienceArchive (hereafter WSA) is outlined in Appendix A.2
and referencestherein.

This `sciencerequirements document' (SRD) details the basic requirements for the WSA, and repre-
sents item 1 in the above sequence.The intention is to state the top{lev el sciencerequirements being
placed on the WFCAM ScienceArchive (WSA) as a whole; give scienceusageexamplesof the WSA;
and ¯nally to discussin more detail those requirements pertaining to the WSA in order to produce
a speci¯cation for its design. The approach taken in this document is to distil the external, top{lev el
requirements and the usageexamples,through analysis and implication, to an explicit statement of
the WSA contents and functionalit y. Hence,the SRD is structured as follows:

² Section 2 referencesthe external requirements;

² Section3 restatesthe `top{level', `contents & functions', and `security requirements', along with
analysis and notes and further re¯nes theseabove, along with the externally speci¯ed `detailed
requirements', to provide a basic list of the detailed requirements;

² ¯nally , Section4 summarisesthe WSA contents and functionalit y in a more conciseand explicit
way for the perusal of interested parties and to enableWSA developers to progressthe design.

Subsequently , we intend to follow the sequenceabove and undertake a design for the WSA including
documentation of Data Products, Data Flow, Hardware Architecture and Software Architecture. The
detailed speci¯cation for the WSA will be developed further in thesefollowing documents rather than
in the SRD.

It is not intended that the requirements and usageexamplesare set in stone at this stage. Both are
`living' documents in the sensethat they are online on the web (URLs are given in the next Section)
and are subject to small alterations as the WFCAM and UKIDSS projects progress.The intention of
this document is to take these inputs as they are at the time of writing (Q4 2002) and analysethem
in order to have something to work to in the WSA development project.

The WFAU WSA development homepageis at http://www.ro e.ac.uk/~nch/wfcam.
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2 REQUIREMENTS AND USA GE EXAMPLES

The top{lev el requirements and usageexamplesare reproducedin AppendicesA.3 and A.4 wheremore
details can be found. Theseare the external, top{lev el requirements placed on the sciencearchive by
the `customers',viz. JAC and UKIDSS.
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3 REQUIREMENTS ANAL YSIS

In the following analysis, we discussthe top{lev el requirements referencedin the previous Section in
more detail. Each item hasan associated Rationale, Implications which discussthe implications for the
WSA design,an optional Note, and ¯nally a concisestatement of the requirement to be developed in
later Sections. It is intended that the requirements cannot be changedwithout consultation (primarily
with JAC and UKIDSS).

3.1 Top{lev el requiremen ts

T1 :
Sciencearchive shall provide the maximum possiblepotential for capitalizing on the UKIDSS surveys.
Rationale: UKIDSS will absorb the greater fraction (75%) of all WFCAM time on UKIR T and so is
the top priorit y for WSA usage.
Implications: The UKIDSS programme must be the prime sciencedriver for the WSA. Archive devel-
opment needsto be an open process,with as much UKIDSS involvement as possible. Hence,full and
up-to-date documentation needsto be available in web{browsableform aswell ashardcopy. The tight
schedule for WFCAM, the competition from CFHT's WIR CAM, and the need for timely releaseof
data for competitiv e and high{impact scienceplacea correspondingly tight scheduleon delivery of the
WSA. Resource/time constraints imply a phasedapproach to WSA development, with a committment
to producing a basic working archive system by instrument ¯rst light, followed by development to a
fully functioning archive systemthereafter. To expedite delivery of the WSA, designshould be based
on existing archive solutions and code where appropriate.
Note: WFCAM is currently due for delivery by Q4 2003;UKIDSS survey operations will likely begin
in earnest in Q1 2004.
Requiremen t:
A basicworking sciencearchive (hereafter `Version1.0') must be in placeat Q4 2003. A fully function-
ing archive system (hereafter `Version 2.0'), as de¯ned by the requirements herein, must be available
as soon as possibleafter WFCAM ¯rst light, and no later than 1 year after survey operations begin
in earnest.

T2 :
ScienceArchive must contain and serve pipeline processed data (processedpixels, object catalogues
and housekeepingdata) from both UKIDSS and other usage(e.g. open time, commissioningtime).
Rationale: Even small PATT programmes(for example) may produce large amounts of data that are
problematic for the user's home institute resources. Moreover, non{survey data will be a valuable
datamining resource(seelater).
Implications: WSA data accumulation must take into account non{survey usage. Database schema
designmust be °exible to allow for non{survey data. Proprietary rights needto be protectable in the
WSA.
Note: Pipeline processingand subsequent archiving cannot be undertaken for frames taken in non{
standard observingmodes. For non{survey data that are taken in standard modes, limited standard-
ised schemaswill be set up and the data will be archived; it will not be possibleto develop individual
shcemason a case{by{case basis.
Requiremen t:
ScienceArchive (all Versions)must contain and serve pipeline processed data (pixels, object catalogues
and housekeepingdata) from both UKIDSS and other usage(e.g. open time, commissioningtime).
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T3 :
ScienceArchive must be °exible to cope with alterations to UKIDSS survey designover time.
Rationale: The UKIDSS observing allocation and programme are subject to changeby the Board on
a 2 yearly rolling review.
Implications: WSA designmust not precludechangesin designof the major surveys. Again, database
designmust be su±ciently modular and °exible to cope with this.
Note: Following the initial Board review in May 2002,twice{yearly reviewsare expected in mid{2004
and every two years thereafter.
Requiremen t:
ScienceArchive (all Versions)will match UKIDSS survey requirements as they are currently speci¯ed,
but will be °exible enoughto follow changesin survey design.

T4 :
ScienceArchive designmust facilitate usagefrom `Grid clients' and inclusion in the Virtual Observa-
tory (VO).
Rationale: Given the legacyaspect of the UKIDSS surveys(especially the LAS and GPS) it is expected
that the WSA will form a substantial element in the `datagrid' of the VO (indeed, WFCAM is a prime
sciencedriver in the UK's AstroGrid project).
Implications: WSA accesstools, data product formats and transfer protocols must conform to inter-
nationally agreedVO standards.
Note: The AstroGrid PhaseA report is now available (October 2002) for information concerningVO
development protot ypes.
Requiremen t:
Version 1.0 ScienceArchive will conform to existing standards and will be designedsuch that new
standards can be easily incorporated, but must not be delayed by waiting for new developments to
crystalize. Ultimately , the ScienceArchive must conform to internationally agreedVO standards in
accesstools, data product formats and transfer protocols.

T5 :
ScienceArchive must allow, for example, simple and complexqueries,with appropriate interfaces.
Rationale: Many users will query the WSA, from the Grid{clien t `power user' to the casual, non{
expert interactively browsing astronomer. Both are important from the scienceexploitation point of
view.
Implications: Di®erent levelsof user interface will be neededfor the WSA, from interactive web forms
through remote{client GUIs to Grid{enabled clients.
Requiremen t:
Version1.0 ScienceArchive will allow simple (seelater) queries. Version2.0 ScienceArchive will allow
usagesat varying levels of complexity (as de¯ned later).
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T6 :
ScienceArchive must be simple to usefor PR purposes.
Rationale: UKIDSS is the next development in the UK's Wide Field programme. High pro¯le science
will emergefrom UKIDSS, and as the ¯rst point of contact with the data, the WSA must be designed
appropriately.
Implications: Again, the WSA must be user{friendly to the casual, browsing user. `Aesthetic' data
products (e.g. pseudo{colour images)must be available, in addition to `serious'scienceproducts.
Note: The SDSShas good examplesof entry points for PR purposes(URL) as well as scientist access
points (URL). However, while the production of individual imagesas a requirement of the WSA, the
responsibilit y of designing and maintaining a `gallery' website of publicit y imageslies elsewhere(eg.
with JAC and/or UKIDSS).
Requiremen t:
ScienceArchive (all Versions)must have interfacesthat are open to simple, intuitiv e useby the non{
expert.

T7 :
ScienceArchive must allow accessto survey data before all observations are complete, and must not
be disrupted by regular ingest of new survey data.
Rationale: Rapid exploitation requires immediate access. The full UKIDSS programme will take
up to 6 years or more, and users will want to undertake preliminary analysis after months of data
accumulation rather than wait until the full survey datasetsare released.
Implications: WSA designmust allow for constant data ingest and regular data releases(e.g. interim
survey products). WSA must allow for updatesto calibrated quantities. WSA must allow for archiving
of cataloguesfrom `reruns' of the processingpipeline, as well as cataloguesfrom previous runs, over
pixel datasets in the event of bug ¯xes and/or enhancements of processingalgorithms.
Note: The approach taken with the WFAU's SSSdatabase is to locally mirror the entire released
dataset so that two versions are held: a static online version, and another online (but inaccessible
from the outside) version for updates. At a releasepoint, the update version becomesthe network
online version, is copied back to mirror the latest updates, and the whole procedure is so cycled.
Requiremen t:
Version1.0 ScienceArchive must be operable in time for WFCAM ¯rst light. Interim survey products
must be releasedto the communit y on timescalesdetermined by WFCAM observing periods (i.e. a
survey `release'will occur as soon as possibleafter each observing period, and before the end of the
following period).

T8 :
ScienceArchive must allow requestsfor arithmetic operations, and options from an advancedprocess-
ing toolkit, on pixel data.
Rationale: Pixel data volumes will be too large for e±cient transfer to usershome institute for ma-
nipulation.
Implications: WSA needssu±cient online storagefor pixel data, and su±cient CPU, temporary stor-
ageand appropriate software toolkits for pixel manipulation.
Note: Astronomy communit y in general, and CASU, Subaru for example, are developing pixel pro-
cessingalgorithms. Not all routines will needcoding from scratch.
Requiremen t: Version 2.0 ScienceArchive must allow requestsfor arithmetic operations, and op-
tions from an advancedprocessingtoolkit (seelater), on pixel data. (no requirement on the Version
1.0 ScienceArchive to allow this advanced functionalit y, since we do not anticipate any demand for
this immediately after ¯rst light).
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T9 :
ScienceArchive must be scalableto VISTA data volumes.
Rationale: The WFCAM and VISTA cameras(and scienceprogrammesbeing pursuedwith them) are
similar enough that it makes senseto produce a scalablesolution from WFCAM to VISTA for cost
e®ectiveness.
Implications: WSA developments must be open to scrutiny by, and must receive input from, the
VISTA project.
Note: VISTA ¯rst light is currently scheduled for Q4 2006.
Requiremen t:
Despite the need to expedite delivery of the WSA, development will be made at all times with due
regard to scalability to VISTA data volumes.

T10 :
ScienceArchive must be able to mergereducedframestaken in non{photometric conditions with other
data from the samesurvey.
Rationale: Rapid progressmay require acceptanceof sub{optimal observations in lieu of better, later
repeated observations.
Implications: WSA must be able to cope with sub{optimal data and their subsequent displacement
by better, repeat observations.
Requiremen t:
ScienceArchive (all Versions) must be able to cope with sub{optimal survey observations, and their
subsequent displacement by better, repeated observations.

T11 :
ScienceArchive must have some capability for the remote user to carry out data exploration and
interaction in real time.
Rationale: The UKIDSS programme contains many instances(e.g. seethe speci¯c usageexamples)
wherethe remote userwill want to manipulate and visualiselarge amounts of data quickly (i.e. without
transfering the large dataset to their own machine).
Implications: Remoteclient GUI toolswill needto bedeveloped for the WSA to enablesuch interactive
data exploration and manipulation. `Real time' interaction has implications for WSA responsetime
when trawling Tbyte{sized datasets. Clearly, » 1000secresponsetime is unacceptablefor interactive
use, while » 10secresponse time is unrealistic given current technological and ¯nancial constraints
(such a fast response time may be feasible with a very high degreeof parallelism, with consequent
complexity and cost implications). For thesepurposes,a ¯gure of » 100secresponsetime seemsrea-
sonable.
Note: Of course, for querieson indexed quantities (position, image class,brightness and other com-
monly usedattributes), WSA responsetime will be fast but ultimately limited by factors beyond the
control of WFAU (eg. user network connectivity).
Requiremen t:
Version 2.0 ScienceArchive must have somecapability for the remote user to carry out data explo-
ration and interaction in real time, where `real time' is understood to mean a timescale of » 100sec
for wholesaletrawls. No requirement on Version1.0 ScienceArchive systemto provide this speed;the
ultimate goal should be a responsetime of » 10sec.
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3.2 Science archiv e conten ts and functions (minim um)

C1:
Contains calibrated object cataloguesresulting from the pipeline, for both UKIDSS and open{time
observations
Rationale: Theseare obvious, basic sciencearchive functions.
Implications: Database schemas must be set up for various tables of object catalogues. Catalogue
ingest software and procedureswill be required. Software will be required for `post{pro cessing'type
operations, for example,merging routines and recalibration routines.
Requiremen t:
ScienceArchive (all Versions) must contain calibrated object cataloguesresulting from the pipeline,
for both UKIDSS and open{time observations

C2:
Ingestsand storespipelineoutput framesfor later online processing,generatescompressedpixel images
on the °y for rapid web{basedaccess,carries out immediate cross{referencingwith existing UKIDSS
survey data and producesconsolidatedUKIDSS cataloguein a given ¯eld
Rationale: Again, basic sciencearchive functionalit y.
Implicattions: Databaseschemasmust be designedto track betweenobject cataloguetables and pixel
data ¯les. Pixel manipulation software will be required.
Requiremen t:
ScienceArchive (all Versions) must ingest and store pipeline output frames, allow rapid web{based
accessto images,and produce mergedUKIDSS cataloguesin a given ¯eld.

C3 :
Is able to recalibrate a given ¯eld or ¯elds in the event of revisedcalibration information (speci¯cally,
photometric and astrometric), and allow databasequerieson the recalibrated quantities
Rationale: Changesin calibration information are frequently encountered in survey operations, and
the sciencearchive itself may lead to such changes.
Implications: Databaseschema must allow provision for recalibration { e.g. stores positions as pixel
co-ordinatesplus and astrometric solution (consisting of speci¯ed model and coe±cients); storespho-
tometry as°ux measuresplus calibration data. Calibrated quantities will alsobe required to be stored
in tables, since inverting calibration models to translate queries in calibrated units to uncalibrated
oneswill be di±cult in general. The archive must be able to replacecalibrated quantities when new
onesbecomeavailable. Calibration version control within the archive is required.
Requiremen t:
ScienceArchive must be designedfrom the start to enableastrometric and photometric recalibration.

C4 :
Is able to cross-calibrate photometric information using areasof overlap between processedframes,
where available.
Rationale: This is not a sensiblefunction of the pipeline, which is required only to produce results on
a night{b y{nigh t basis. The sciencearchive will have all photometric information and calibrations for
all superframes,and is where this should happen.
Implications: Calibration tools will be required to homogenisephotometry over surveyed areasusing
overlap information and photometric zeropoints.
Requiremen t:
Version 2.0 ScienceArchive must be able to cross-calibrateusing areasof overlap betweenprocessed
frames, where available (no requirement on Version 1.0 ScienceArchive to cross{calibrate).
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C5:
Allows public accessto subsetsof survey data on a variety of di®erent search criteria (speci¯ed below)
Rationale: Basic sciencearchive functionalit y.
Implications: For versatilit y, SQL{lik e querying is required, even if this is transparent to the user
(e.g. simple accessvia web{form interface).
Requiremen t:
ScienceArchive (all Versions)must be designedto allow public accessto subsetsof survey data on a
variety of di®erent search criteria (speci¯ed later).

C6 :
Allows rapid on{line cross{referencingof search results with other catalogues.
Rationale: consistent with T1, this requirement is expandedon later.
Implications: The ScienceArchive must undertake to store commonly used catalogues locally for
combination queriesin a queryable database.
Requiremen t:
ScienceArchive (all Versions)must have available commonly used catalogues(seelater) stored locally.
Version2.0ScienceArchivemay additionally hold SDSS(and other survey) pixel data for joint querying
{ seelater).

C7 :
Allows generation of ¯nder charts via a web form
Rationale: Simple to provide and useful when observing at a site remote from the UK.
Implications: Software will be required for generationof pixel and/or ellipseplot ¯nder charts. A web
form will be required as the user interface.
Requiremen t:
ScienceArchive (all Versions)must allow generation of ¯nder charts via a web form.

C8:
Holds housekeepinginformation for all archived data.
Rationale: It is essential to propagate all available data description (e.g. FITS headerdata) through
to the ScienceArchive, to enableusersto query those data
Implications: The ScienceArchive must be able to track betweenobject cataloguerecords,imagedata
¯les and the housekeepingdata. For example, to protect proprietary data rights the ScienceArchive
will need to validate queriesagainst the sourceof any particular image subset (e.g. UKIDSS, PATT
time, etc.)
Requiremen t:
ScienceArchive (all Versions)must hold housekeepinginformation for all archived data.
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3.3 Securit y

A1 :
Archived data must be accessibleonly by validated users
Rationale: The WSA will contain data resulting from internationally competitiv e scienceproposals.
Proprietary rights of the UKIDSS consortium and open{time PIs/CoIs must not be compromisedby
data being freely available through the online archive.
Implications: The ScienceArchive must have security systemsin place that prevent unfettered access
by opportunistic users,but at the sametime must not becomeso protected that accessby valid users
is hampered (e.g. by constantly asking for usernames/passwords). Security systemsmust be able to
cope with various proprietary periods, and allow unfettered accessafter appropriate time intervals.
All of this in turn implies userregistration with username/password login and/or `digital certi¯cation'.
Note: Any user (not just proprietors) should be able to derive information on what is in the archive
without being given accessto those data.
Requiremen t:
ScienceArchive data (all Versions) must be accessibleonly by validated users;archive content infor-
mation should be available without restrictions.

A2 :
Archived data must be uncorruptable by ScienceArchive users.
Rationale: Scienti¯c exploitation will be compromisedif data are corrupted.
Implications: Constant data ingest, recalibration of photometry/astrometry , and functionalit y en-
hancements imply a `living' archive that is subject to change. This opens up the possibility of acci-
dental corruption, especially by local archive managerswith read/write accessto ¯lesystems. Archive
design must minimise the possibility of accidental corruption, and also insure against data loss and
minimise reconstruction times by invoking and appropriate backup policy.
Requiremen t:
ScienceArchive (all Versions)must be uncorruptable by ScienceArchive users.

A3 :
ScienceArchive must allow data protection on the basisof proprietary data (per frame)
Rationale: Proprietary periods will be di®erent for di®erent observations (survey/non{surv ey).
Implications: Security systems must be able to cope with various proprietary periods, and allow
unfettered accessafter appropriate time intervals.
Requiremen t:
ScienceArchive (all Versions)must allow data protection on the basisof proprietary data (per frame)

A4 :
ScienceArchive must be quickly recoverable in the event of corruption by hardware/software faults
etc.
Rationale: Clear needto ensureagainst data loss.
Implications: ScienceArchive will require backup on removable media and/or 100%redundant storage
with data striping (i.e. fault tolerant hardware/software).
Requiremen t:
ScienceArchive(all Versions)must bequickly recoverablein the event of corruption by hardware/software
faults etc.
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3.4 Detailed requiremen ts

The following requirements form the baseline for the WSA; they are an expansion of the top{lev el
requirements above and items D in the `Detailed Requirements'. Following T1 above, we have divided
the requirements into those that must be in placefor WFCAM ¯rst light and those that needful¯lling
after a signi¯cant amount of data haveaccumulated. There are several reasonsfor this: i) the timescale
for the delivery of WFCAM is short, so there is limited time for R&D concerning a large, scalable
archive system; ii) such a system is not required at ¯rst light anyway since data volumes will be
of limited size initially; iii) a phasedapproach meansthat the ¯nal large hardware purchasecan be
delayed as long as possible. So, we have grouped these into `Version 1.0 requirements', and `Version
2.0 requirements'; somerequirements appear in the earlier versionwith limited scope, and in the later
versions with full{blo wn functionalit y. We include some more long{term goals which may or may
not be delivered, contingent on implementation and resourceconstraints, and delivery of appropriate
tools/knowledgefrom related e{scienceprojects (e.g. AstroGrid).

3.4.1 Version 1.0 requiremen ts

T1/T7: The `Version 1.0' working sciencearchive must be in place in time for WFCAM ¯rst light
(currently scheduled for September 2003).
T2: ScienceArchive must contain and serve pipeline processeddata (pixels, object cataloguesand
housekeepingdata) from both UKIDSS and other usage(e.g. open time, commissioningtime).
T3: ScienceArchive will match UKIDSS survey requirements as they are currently speci¯ed, but will
be °exible enoughto follow changesin survey design.
T4: ScienceArchive will conform to any existing `Virtual Observatory' standardsand will be designed
such that new standards can be easily incorporated, but must not be delayed by waiting for new
developments to crystalize.
T5: ScienceArchive will allow simple (seebelow) queries.
T6: ScienceArchive must have an interface that is open to simple, intuitiv e useby the non{expert.
T9: Despite the need to expedite delivery of the WSA, development will be made at all times with
due regard to scalability to VISTA data volumes.
T10: ScienceArchive must be able to cope with sub{optimal observations, and their subsequent dis-
placement by better, repeated observations.
C1: ScienceArchive must contain calibrated object cataloguesresulting from the pipeline, for both
UKIDSS and open{time observations
C2: ScienceArchive must ingest and store pipeline output frames, allow rapid web{based accessto
images,and produce mergedUKIDSS cataloguesin a given ¯eld.
C3: ScienceArchive must be designedfrom the start to enable astrometric and photometric recali-
bration.
C5: ScienceArchive must be designedto allow public accessto subsetsof survey data on a variety of
di®erent search criteria (speci¯ed below).
C6: ScienceArchive must have available commonly used catalogues(seelater) stored locally.
C7: ScienceArchive must allow generation of ¯nder charts via a web form.
C8: ScienceArchive must hold housekeepinginformation for all archived data.
D1: Sciencearchive must allow searching individual (or all) UKIDSS surveyson the following criteria
(or combination of them):

² Position rectangle expressedin spherical co-ordinates: RA/Dec (J2000); l ; b (Galactic) and ¸; ´
(SDSSsystem)

² Circular sky patch within speci¯ed radius from given spherical co-ordinates: RA/Dec (J2000);
l ; b (Galactic) and ¸; ´ (SDSSsystem)

² Circular sky patch within speci¯ed radius of a resolvable sourcename
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D3: ScienceArchive must allow similar queriesto be repeated for all objects in a user{supplied source
catalogue.
D4: ScienceArchive must allow combinations of queries on UKIDSS data and the following other
sourcecatalogues:

² 2MASS

² SuperCOSMOSSky Survey

² SDSSDR1 data release

² USNO{B

² FIRST sourcecatalogue

² IRAS point sourcecatalogue

² ROSAT All{Sky Survey catalogue

D6: ScienceArchive must have a simple interface for very quick searching on a given object name or
position.
D8: ScienceArchive must return pixel images,con¯dence maps and cataloguedata in gzipped FITS
format, and must allow usersto specify the output format of returned data as follows:

² FITS imageswith options for losslessand/or lossy compression

² ASCII (tab or comma{separated)or FITS table, for object catalogueand housekeepingdata

² Space{separatedASCII with CDS{t ype descriptors for object catalogues

² VOTable { http://vizier.u-strasbg.fr/do c/V OTable { a proposedprotocol for exchangeof astro-
nomical data embeddedin XML.

D9: ScienceArchive must be able to return pixel data in any available passband,over a contiguous
¯eld up to one `tile' (0:8±) acrosstogether with a matched catalogue.
D11: ScienceArchive must be able to generateand return stacked imagesgiven a user{selectedlist of
input imagesand the standard stacking algorithm in the CASU basic pipeline.
D12: ScienceArchive must be able to generate and return merged multi{colour, multi{parameter
catalogueswith the best available photometric and astrometric calibrations.
D13: ScienceArchive must support federation with the sourcecataloguesspeci¯ed in D4 above
D14: ScienceArchive must be able to generateand return meaningful optical/IR coloursfor all objects
in the overlap with the existing SDSSdata where counterpart detections occur in the SDSSobject
catalogue.
D16: ScienceArchive must support the returning of only a subsetof the entire possiblearray of object
parameters.
D19: ScienceArchive must be able to produce a ¯nder chart of size up to 10 arcmin for any region
within which survey data exist, returning ellipse detection plot and/or a single colour pixel plot, as
speci¯ed by the user.
D20: ScienceArchive must allow accessto best or duplicate data for objects in overlapping survey
data.
D21: ScienceArchive must allow generalaccessto all housekeepingdata { e.g. for a given survey area,
what is currently available, how good it is, etc.
D22: ScienceArchive must store uncalibrated quantities, calibrated quantities and the calibration
model/coe±cients. Archive output must therefore include (in headers)

² Archive version identi¯er
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² calibration version identi¯er

D23: ScienceArchive must allow a summary of data available to be generated for a given search
region.
A1: ScienceArchive must be accessibleonly by validated users.
A2: ScienceArchive must be uncorruptable by ScienceArchive users.
A3: ScienceArchive must allow data protection on the basisof proprietary data (per frame).
A4: ScienceArchive must be quickly recoverable in the event of corruption by hardware/software
faults etc.

User accessis to be through web forms providing ¯ll{in boxesand button clicks, and also via an SQL
query form interface; a command{line interface for remote usersto bypass interactive webforms will
also be provided.

The summary in Section 4 givesan explicit statement of the Version 1.0 WSA contents and function-
alit y.

3.4.2 Version 2.0 requiremen ts

In addition to the Version 1.0 requirements:

T1: A fully functioning archive system, as de¯ned by the requirements (and where possible, goals)
herein, must be available as soon as possibleafter WFCAM ¯rst light, and no later than 1 year after
survey operations begin in earnest.
T4: ScienceArchive must eventually conform to internationally agreedVO standards in accesstools,
data product formats and transfer protocols.
T5: ScienceArchive will allow usagesat varying levels of complexity (as de¯ned later).
T7: Interim survey products must be releasedto the communit y on timescalesdeterminedby WFCAM
observingperiods (i.e. a survey `release'will occur assoon aspossibleafter each observingperiod, and
before the end of the following period).
T8: ScienceArchive must allow requests for arithmetic operations, and options from an advanced
processingtoolkit (seelater), on pixel data.
T9: WSA solution must be scalableto VISTA data volumes.
T11: ScienceArchive must have somecapability for the remote user to carry out data exploration
and interaction in real time: the ScienceArchive response time should be » 100secfor wholesale
trawl{t ype queries.
C4: ScienceArchive must be able to cross-calibratephotometric information using areasof overlap
betweenprocessedframes, where available.
C6: ScienceArchive must have the ¯nal SDSScatalogues(and, if possible,images)stored locally, in
addition to the cataloguesspeci¯ed for the Version 1.0 ScienceArchive.
D1: ScienceArchive must allow searching individual (or all) UKIDSS surveyson the following criteria
(or combination of them):

² Search positions speci¯ed at arbitrary equinox and time system, and additionally ecliptic and
super{Galactic systems

² Sourcecolour in any linear combination of those colours available for any given survey

² Sourceparameter ranges

D2: ScienceArchive must allow searching within open{time programme data using the samecriteria
as D1 (where possible), returning whatever data are available.
D4: ScienceArchive must allow combinations of queries on UKIDSS data and the following other
sourcecatalogues:
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² most recent SDSSdata release,as per availabilit y

² User supplied cataloguefor complementary imaging (at any wavelength) for any of the UKIDSS
sub{surveys.

² any generaluser{supplied catalogueat any wavelength (eg. GLIMPSE, ASTRO{F)

D5: ScienceArchive must allow arithmetic functions to be usedin setting up complex queries(e.g. for
a colour index not stored in survey cataloguetables)
D6: ScienceArchive must have a remote GUI application for formulating queries (e.g. an interface
analogousto the SDSSJava{based query tool).
D7: ScienceArchive accessGUI must allow plotting of returned parameters, in selected(X,Y) pairs
or histograms, and also provide basic ¯tting routines.
D10: ScienceArchive must be able to generate(on{the{°y) and return larger (than D9) areasfrom
survey data traversing survey tile boundaries, blocked down as speci¯ed by the user, in formats
speci¯ed in D8.
D11: ScienceArchive must be able to generateand return stacked imagesusing user{speci¯ed (see
later) stacking algorithm options.
D12: ScienceArchive must be able to generate and return merged multi{colour, multi{parameter
catalogueswith the best (or previousasspeci¯ed by the user)photometric and astrometric calibrations.
D13: ScienceArchive must support federation with the sourcecataloguesspeci¯ed in D4 above
D14: ScienceArchive must be able to generateand return meaningful optical/IR coloursfor all objects
in the overlap with the SDSS,whether or not detected in the SDSSdata (i.e. it must be possibleto
place an aperture in and measurethe °ux from SDSSimage data given the position of an IR source
detection).
D15: ScienceArchive must support ANDing of onequery with another, whereboth have already been
executed.
D17: ScienceArchive must allow trial{and{error searches(e.g. return the number of sourcehits rather
than the output results), for any valid query
D18: ScienceArchive must allow repetition of queries using previous versions of astrometric and
photometric calibrations.
D19: ScienceArchive must be able to produce a ¯nder chart for any region within which survey data
exist, returning a colour pixel plot, as speci¯ed by the user, generatedfrom available single{passband
imagesof the same¯eld.
D20: ScienceArchive must allow accessto best or duplicate data for objects in overlapping survey
data, and must contain proper motion measuresfor objects wheremulti{ep och position measurements
exist.

Section 4 givesan explicit statement of the Version 2.0 WSA contents and functionalit y.

3.4.3 Goals

T11: ScienceArchive responsetime should be » 10secfor wholesaletrawl{t ype querying.
C6: ScienceArchive will, insofar asexternal developments allow, be integrated into the `Virtual Obser-
vatory' (VO) as a generalsolution to rapid, online cross{referencingwith any published astronomical
cataloguesthat are also contained within the VO.
D1: ScienceArchive may recast web servicesas `Grid services'(a Grid{based solution to user access)
in collaboration with AstroGrid.
D4/13: ScienceArchive may allow combinatorial querieswith cataloguesanywhereon the `data{Grid',
i.e. may allow databasefederation acrossthe grid.
D7: ScienceArchive will aspire to the mantra `ship the results, not the data', i.e. may allow remote
procedurecalls to advancedmanipulation tools and may allow user upload of analysis codes.
D10/11: ScienceArchivemay ultimately support advancedvisualisation tools,e.g.largearea,panoramic
pseudo{colour imageswith panning in real time; three{dimensional catalogueparameter plotting and
rotation.
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4 SPECIFICA TION OF CONTENTS AND FUNCTIONALITY

At its meeting on 2002 November 25, the UKIDSS Consortium met and discussedthe requirements
and usagesalong with the WSA development plan. The Consortium suggestedseveral changesalong
with some issuesfor discussion. The results of these discussionshave been folded into this docu-
ment, yielding the following speci¯cation (in as much detail as is possibleat this time) for the WSA
functionalit y and contents at Versions1.0 and 2.0 (note: this speci¯cation will be developed in later
documents). The V2.0 requirements can be considered`goals' of V1.0.

4.1 Version 1.0

WSA Version 1.0 is deliverable at WFCAM ¯rst light (currently scheduled for September 2003).
In addition to the following, WFAU undertakes to apply UKIDSS{speci¯ed algorithms, and import
UKIDSS{supplied catalogues,to the WSA in lieu of automatic tools for such functionalit y (seeVersion
2.0).

4.1.1 Con ten ts

The V1.0 WSA will contain the following information in a relational DBMS:

1. ObservationsInformation containing details of observations contained in the archive and their
genericproperties;

2. Image Information containing details of all images(stored as °at ¯les) in the archive along with
housekeepingdata (from stripp ed FITS headers);

3. ObservationsCatalogue Information containing the object catalogues,generatedby the CASU
standard pipeline, associated with each image, and list{driv en source cataloguesbetween the
di®erent passbandsin any given ¯eld;

4. Merged CatalogueInformation for each of the accumulating UKIDSS subsurveysLAS, GPS and
GCS (mergedin the sensethat the `same'objects observed in di®erent coloursand/or at di®erent
times will be mergedinto one multi{colour, multi{ep och record);

5. Cataloguesfor 2MASS, SDSSDR1, SSS,USNO{B, FIRST, IRAS and ROSAT{ASS surveys;

6. A Survey ProgressCatalogue, containing for each of the 5 UKIDSS subsurveys information on
observations taken to date;

and also image data (pixels with con¯dence maps; default stacks for the) deepsurveys;and di®erence
images for the GPS K band) in °at ¯les, along with a large reserve (scratch) workspace for use
during querying. The V1.0 WSA will also contain online documentation and `cookbook' style worked
examplesto aid users.

4.1.2 Functionalit y

The V1.0 WSA will have the following accesspoints:

1. A web interface allowing searching of individual (or all) UKIDSS survey catalogueson the fol-
lowing criteria:

² position rectangle expressedin spherical co-ordinates: RA,Dec (J2000); l ; b (Galactic); and
¸; ´ (the SDSSspherical co-ordinate system)
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² circular sky areawithin speci¯ed radius from given sphericalco-ordinates: RA,Dec (J2000);
l ; b (Galactic); and ¸; ´ (the SDSSspherical co-ordinate system)

² circular sky patch within a speci¯ed radius of a resolvablesourcename(using the CDS/NED
name resolver)

and additionally the samesearching functions on a user{speci¯ed ASCII (spaceseparated) of
centres (sexagesimalor decimal degrees)and search radii (i.e. a batch mode search). This
interface will also produce ellipse plots for use as ¯nder charts. For an example of such an
interface, seeWFAU's SuperCOSMOS Sky Survey accesspagehttp://www-wfau.ro e.ac.uk/sss,
particularly the `Get a CATALOGUE' interface.

2. A web form interface allowing querying of individual (or all) WSA catalogues(e.g. UKIDSS
survey catalogues,housekeepingdata, details of archived images)via Structured Query Language
(SQL), with push{button options for the format of output data:

² ASCII (space,tab or comma{separated);
² FITS binary tables;
² VOTable format;
² uncompressedor losslesscompression(e.g. gzip);

combinatorial querieswith the 2MASS, SSS,SDSS{DR1 and USNO{B catalogueswill be pro-
vided for. For an example of such an SQL interface, seeWFAU's 6dF accessinterface at URL
http://www-wfau.ro e.ac.uk/6dFGS/SQL.html.

3. A web form interface that returns pixel data (images and con¯dence maps) given an arbitrary
input position (as in 1 above) and sizeup to 0:8± (one WFCAM tile) as follows:

² mosaicedacrossany frame boundariesas necessary;
² FITS format, with user{speci¯ed options for losslessor lossy compression;
² with corresponding merged catalogue(supplied as FITS binary extension).

For an example of such an interface, seeWFAU's SSSpage(URL above), particularly the `Get
an IMA GE' facilit y.

`Remoteserver' functionalit y for web{basedbrowsing tools (e.g. SkyCAT/GAIA/Aladin) will be pro-
vided for someof the above image/catalogue servers, along with a command line interface for remote
user non{in teractive web access.Archive responsetime for cataloguequerieswill be rapid for indexed
quantities as follows: position, magnitude, colour, and image class.

4.2 Version 2.0

Version 2.0 is deliverable no later than one year after survey operations begin, and will include more
`databasedriven' products and features. In addition to contents and functionalit y provided in V1.0,
the following speci¯es the V2.0 contents and functionalit y.

4.2.1 Con ten ts

The V2.0 WSA will additionally contain:

1. Externally provided cataloguesand pixel data (UKIDSS complementary imaging, and SDSS
data releaseas avialable at that time);

2. A databaseof open{time observations;

3. EnhancedUKIDSS cataloguescontaining derived information (e.g. proper motions, dereddened
colours, catalogue parameters from placing apertures on SDSS pixels at WFCAM detection
positions) where possibleusing available data.
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4.2.2 Functionalit y

In addition to the simpleaccesstoolsprovided in V1.0, one(or more) advancedGUI(s) will beprovided
that have the following functionalit y:

1. User{speci¯ed options for stacking pixel data, i.e. select imagesto be stacked, and the stacking
algorithm from a choice of: i) unweighted; ii) sensitivity weighted; iii) psf matched . . . ; iv)
. . . further toolkit options . . . ;

2. Arbitrary sized,mosaicedimages(acrosstile boundaries), blocked down as appropriate, with a
multi{colour option;

3. Sourceextraction options on any speci¯ed subsetor bespoke stack of pixel data: i) CASU stan-
dard sourceextraction; ii) SExtractor; iii) mutiple simultaneous pro¯le ¯tting (i.e. DAOphot{
like); iv) . . . further toolkit options . . . ;

4. Data exploration/in teraction facilities: simple XY plotting; histogram plotting; simple model
¯tting routines (generalisedleast{squareswith robust outlier rejection);

5. Automatic user{supplied catalogueingest facilit y for joint querying with existing catalogues;

6. Enhancedoutput format options to include any new Virtual Observatory standards available at
that time;

7. Abilit y to analysearchive pixel data (both WFCAM and other, e.g.SDSS)at arbitrary positions
de¯ned by an input list of positions, apertures and/or pro¯les types/models (ie. list{driv en
photometry for any data);

8. Generaliseddi®erenceimaging (and subsequent sourceanalysis)

9. Persistenceof multi{stage usage/query; storageof intermediate user{generatedresults sets

Additionally , the web{based accesstools in V1.0 will be supplemented with a `web service' interface
(eg. a non{in teractive accesstool employing XML format data transfered using Simple Object Access
Protocol) to provide, where appropriate, non{in teractive accessto pixel and cataloguedata. Archive
responsetime is to be » 100secfor wholesalecataloguetrawls on non{indexed quantities.

4.3 Later Versions

At this time, we make no explicit statement concerningthe functionalit y of subsequent WSA versions.
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A APPENDICES

A.1 Background

WFCAM (seehttp://www.ro e.ac.uk/atc/pro jects/wfcam/index.h tml) will enablethe next generation
wide{angle sky survey to beundertaken in the UK. It followson from the hugely successfulUK Schmidt
photographic surveys of the last decadesof the twentieth century , the major di®erencebetween the
old and the new being the data rates and volumesthat will be produced. WFCAM employs 4 2k£ 2k
Rockwell devicesand has an instantaneous¯eld{of{view of 0.21squaredegrees.WFCAM is expected
to be on{telescope for the greater fraction of all available UKIR T time, and will have average/peak
data rates of 100/230 Gbytes per night. It will commenceoperations in the ¯nal quarter of 2003.
VISTA, on the other hand, is a dedicated survey telescope with an IR camera employing 16 2k£ 2k
devices in a 0.44 square degreeFOV. The data rate for VISTA will be » 400 Gbytes per 10 hour
night, and this facilit y is expected to begin operations in the third quarter of 2006. In terms of both
timescale and scope, WFCAM therefore represents a natural `stepping stone' to VISTA, and in the
overall schemeof UK wide{¯eld astronomy the WFCAM project can be thought of as `VISTA phase
A'.

There is, of course,a clear needfor 4m survey facilities in the era of 8m{class telescopes; the relative
performance of WFCAM (as measuredby its `grasp', or information gathering product A­) shows
(see, for example, the original VISTA sciencecase,available from http://www.vista.ac.uk/) that it
is amongst the world's leading IR survey instruments, even when including other non{dedicated sur-
vey facilities such as VLT{IRMOS. The combined sciencecase(for complete details, follow the URL
http://www.ukidss.org/sciencecase/sciencecase.html) proposedby the UKIDSS consortium for WF-
CAM, for example,details a programme that is unrivalled in terms of depth, ¯eld of view and there-
fore survey volume. UKIDSS proposesa nestedseriesof surveys ranging from the Large Area Survey
(`LAS', 4000 sq. deg. to K=18.4), the Galactic Plane Survey (`GPS', 1800 sq. deg. to K=19), the
Galactic Clusters Survey (`GCS', 1600sq. deg. to K=18.7), the DeepExtragalactic Survey (`DXS', 35
sq. deg. to K=21) to the Ultra{Deep Survey (`UDS', 0.8 sq. de.g. to K=23). The image data alone
for these amounts to » 50 Tbytes of data, while the object catalogue and ancillary information are
likely to be many Tbytes in size. VISTA survey data volumes will likely be more than 5£ those of
WFCAM.

A.2 The need for science archiv es.

The question naturally arises as to how scienceexploitation of such large datasets will be under-
taken. Data volumeswill simply be too large for usersto download and keep their own copies. Raw
data processingis likely to be complicated, while calibration procedureswill evolve as camerasare
better characterised and more calibration data are obtained. Reprocessingof substantial amounts
of pixel data may be necessaryin the light of improved algorithms or for speci¯c `non{standard'
sciencegoals. Once data are reduced using standardised pipeline procedures, the establishment of
a centralised `sciencearchive' o®ersthe greatest potential for full scienceexploitation (see the pa-
per presented by Lawrence et al. at the 2002 SPIE meeting in Kona, Hawaii; available online at
http://www.ro e.ac.uk/~nch/wfcam/misc). Again, calibration procedurescan be more easily devel-
oped and applied in a controlled manner to data in a central repository { it makes senseto solve
data{speci¯c reduction and calibration problemsonce,yielding an optimal solution. Early communit y
accessto well calibrated data will facilitate timely scienceexploitation. A well constructed science
archive will enhancegreatly the scope of research that can be donewith the survey data; in fact, many
scienceapplications will only be feasiblevia a sophisticatedsciencearchive. For example,much of the
sciencethat will be done with the UKIDSS LAS will rely on complementary data from the SDSSand
other non{IR wavelength surveys. Given the volume of all of these datasets, somethought needsto
go into the designof the archive to enablefull exploitation.
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A.3 WF CAM Science Arc hiv e Requiremen ts
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A.4 WF CAM Science Arc hiv e usage examples
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