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*0) political context

* | ) science ready data / visibility data
* Il ) relevant VO achievments or ongoing work
* Dicovery : obstap/Siap2
* Access : Datalink and SODA
* Interfaces : Aladin, TOPCAT
* Discovery + Access + View : MOC and HiPS
* V) working implementations
* HiPS cubes distributed by CDS
* ALMA implementations
* ASKAP data: CASDA implementations

*V ) What next ?
* « extend » « science ready data » implementations
* Discovery of visibility data
* « fine grain » characterisation of visibility data
* Integrating Visibility data processing in VO landscape
* Visibility data represention ?
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political@@ntext
* « Multi-D » IVOA priority driver

* Set of protocols
* ALMA,LOFAR, ASKAP in VO landscape.

* First IVOA standards implementations
* Asterics discussions in Europe

* SKA perspective
* ESCAPE CEVO in Europe : ESFRI projects / VO experts

* Asterics/Escape meeting in Strasbourg



Science ready data (imaging cubes)

versus

Visibility / raw data



* ALMA
* LOFAR, ASKAP, JIVE
— Towards SKA
* various surveys at CADC or CDS

* Two different strategies :

* 2 steps strategy
— data discovery by selecting criteria on metadata
—>Data acces : extraction of « useful » data in discovered
« datasets »

* AlISky discovery, access and visualisation : HiPS
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- Data discoveryiss

* Data discovery by selecting criteria on description attribute
(metadata)

* ObsCore 1.1 (addition to ObsCore 1.0):
* Size in pixels
* Polarisation

* Serverved by TAP - ObsTAP

* ObsTAP : allows to select datasets on criteria such as
dataproduct_type= cube and characterisation of axes

* REC may 2017



- h i RS 0 . X
P : o . oo i R . . I
, : ) N v O ) L
; . . s Wef i, e o PO DR L
s B & ‘ "", o6 % ?ﬂ"‘ ¢ ¥ v Lk 'r'.‘ A iy
.o o ) ] "' o '-;,"c‘c,' 3 Py o

*SIAP 2 : allows queries for image and cubes
with PARAMETERS such as : DPTYPE = cube

*POS = « STC shape», BAND =0.0005 0.0006,
TIME = 52618 53700 etc.

* REC december 2015
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* Full data retrieval via access_reference column
in ObsCore

* Or access to DatalLink .... an SODA cutouts



* {links} endpoint:

link a list of RESOURCEs (metadata, other formats,
associated data, services...) to a DataSet via a small
VOTable giving url, media type, sémantics, etc..

* Datalink « service descriptor »

A « resource » to describe a service (included in main
DAL service or {links} endpoint response)

* REC June 2015
* DatalLink 1.1 proposal (july 2019)



* Data access : extracting useful data from the
datasets

* Ful retrieval cumbersome (radio cubes are « huge »
* Cutouts : SODA 1.0 REC may 2017

* Eventually regridding, reprocessing -> SODA -next
(virtual data)

* More metadata/modelling for finer description ?



* Recent developments : discovery tree, SIA interface,
DatalLink and SODA interface

* TAP interface

* ADQL control and

assistance

* Synchronous,
asynchronous
modes

* JOINs

* UPLOAD

Ferver selector

[@FIIE T@V T@ISW 3 . Projection AN

O @ CDs/Simbad g Mode: Templ...|
| Choose an example query to execute. Welcome to
i Aladin,
% Table: |basic .| & o pr

CDS/Simbad) TAP_UPLOAD.AladinTablet Q

e o

“| All basic data from an object name

- Allidentifiers of an object
Select main_id, ra, dec, rvz_redshift

~ Objectsin a cone search =
Select main_id, ra, dec, rvz_redshift p... |- :

Check.. SYNC | + || Asyncjobs>>

Select TOP 9999 n_id, ra, dec, pmra, pmdec, =
SQRT(POWER(pmra,2) + POWERI} fe ) as pm from basic WHERE
SQRT(POWERIpr (pmdec,2)) = 2

Close

SUBMIT

1 I
select-
from EENN



OPCAT is an ObsTAP interface
* Discovery, SAMP to other tools

OPCAT takes into account

atalLink
* Feedback

* Improvment proposals

| TOPCAT(1): DataLink View [

Window Help
X

DataLink View for 1: gavo-califavot
rDataLink Tabl

access_url service_def|
pre =
procswel
procswe2
hitp: / /dc. zah, uni-heidelb
.. | http://dc. zah.uni-heidelb...
ivo://org.gavo. dc http:/jdc. zah, uni-heidelb, T
i Jorg.g a http zah. uni=heidelb
NotFg=|
L] L3
Row Link Type
’VFixzrl Access URL |

rRow Detail

access_urk http:/fdc.zah.uni-heidelberg.defgetproduct fcalifa/datadr3 /COME |
content_type: image/jpeg
content_length:
description: A previe
semantics: #preview

for the dataset

URL: prp: //cic. zah, uni-heidelberg. de/getproduct fcalifajdatadr3 JCOMB/ARP220.CC

v Type: | IMAGE w | Action: View image internally |+ Invoke




VO data'n

1) Obscore : me

obs_collection unitless | String Name of the data collection

obs_id unitless | String Qbservation ID

obs_publisher_did | unitless | String Dataset identifier given by the publisher

access_url unitless | String URL used to access (download) dataset

access_format unitless | String File content format (see in App. BB5.2)

access_estsize kbyte integer Estimated size of dataset in kilo bytes

target_name unitless | String Astronomical object observed, if any

s_ra deg double Central right ascension, ICRS

s_dec deg double Central declination, ICRS

s_fov deg double Diameter (bounds) of the covered region

S_region unitless | String Sky region covered by the data product
(expressed in ICRS frame)

s_xell unitless | integer Number of elements along the first
spatial axis

s_xel2 unitless | integer Number of elements along the second
spatial axis

s_resolution arcsec double Spatial resolution of data as FWHM

t_min d double Start time in MJD

t_max d double Stop time in MJD

t_exptime s double Total exposure time

t_resolution s double Temporal resolution FWHM

t_xel unitless | integer Number of elements along the time axis

em_min m double Start in spectral coordinates

em_max m double Stop in spectral coordinates

em_res_power unitless | double Spectral resolving power

em_xel unitless | integer Number of elements along the spectral
axis

n
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2 ) Other existingidata

* STC : useful concepts, currently in major revision
-> Coords, Measurements and Transformations — see below
* PhotDM : mainly for optical domain

* Characterisation 1.0 : generic model reused by other
models (Obscore, Cube) . In revision

* Spectral Line Data Model : From observations to
Physics
* Simulation data model and SimDAL protocol.

— Observation/Simulation comparison
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3)Cu ofc datam'odel;_'.,i.‘

DataProduct

+mappings

J

0.1

+ coordsys

+ pixelCocrdSys

QH‘ PixelCoordSystem
1 1
1

| Mappings | ‘ CoordSys |

b

+ pixelAds 1

+ coordAxs

+valueAds
1

PixelAxis

Vir

A Measur i: DataAxis
[

+ coord : Pixellndex

' + dependent : boolean
{Datafeds.dependent = True}

+measure

1
Measure
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Polarization

« coord - PoiGoordalue

domain
Measure a0
space
tame SpaceFrame =
cordFrame Epoch
> [ o T ~rePosiion ion
i ~ sgaceRefFrame sting
+ equinox Epoch 0.1]
* planetanEpnem - sting — Cowd: Coonnae
1
somr |y
CoordSpacs Reftocation Error
h
som |,
@ Ermor1D ErrorzD Error3n
Ads 1. ContinvousAnis StaRorLocation CustomRertocation

+name -sking 0.1]

~ domainiin  Quaniy[0.1]
+ Gomainkax. Quaniiy0_1
cyclic - boolean 0.1

« position -sting

~epoch Epoch [0
+gositon

~ stafEror - Uncertaintyl
-1 +sysEmor - Uncertainty
omposieCoordnate

mpositsCoordinate 0.1]

+ranErmor  Uncenaint/1D 0.1

0.4 E
= PhysicalCooravalue
e [+ oarquny
01 s
{coqras Cooraaluo i coords Conlinu U
K
Coardinare

i [

ComposieCoorainare ComposrieCoord1 D

« cmt- Covrcvave 1
femptCoordvalusi)

CompositeCoor2D

{empteooraiuez)

ComposiieCoorain

temptCoordvaluetal

Spacacoor

EquatoniaiCoora

~dec Reak

Resluant

vantty[0. 1]
+rRealQuanidy[0.{]

aceFrame)

GalacticCoord EchpticCoora
' y0.1] ~ slong  RealQuanity(0.1]

IR
~b: RealQuanty[9.1]

~elat:RealQuantty [0.1]
+¢: RealGuantly(D. 1) p-1l

1 Reakuankiy[0_

CartasianCoord

% ReaQuan
~y: RealQuantly
2 RealQuantity

0.1
0.1
01

LongLatCoors

~long. ReaiQuantty [
~Iat: RealQuaniiy(0.1
+r- RealQuantiy[0. 1|

0.1

Uncerainty2D 0.
+ sysErmor: Uncertainty2D
~ranErtor | Uncertaint2d [0.1]

o
A

« statError : UnceraintD [0.1]
ySErtor: UncertaintaD [0.1]
+ ranErtor  UncertainbaD 011

[meas CoordMeasure
(meas Coorduieasure error meas Emor1D)

Fosiion

PositiontD

{meas CooraMeasure.Coord.coords: Ps!

iCoorgvalue)
imeas Coordleas ure error meas EnoriD]

Position20.

(meas:Coordbeas ure coord:coords-Composit
(meas:CoordMeas ure errormeas ENor2D)

ora20)

Position3D.

meas: Coordleas ure coord:coords-Composi
imeas GoordMeas e error meas ENorad)

SpectraiCoorduieasure

{meas Coordieasure caord coords PhisicalCoordalue}
{meas:Cooraeas ura.emormeag-Errort ]

TimeMaasure

[meas:Coordleasure error-meas Ermor1D}
GenTimeMeasure

(meas:CoordMeas ure.coord:coords-Physical

qualue)

staPosition

meas CoordMeasure coord coords:domainspace.SpacdCoord)

StaTimemeasure
{meas CooraMeasure coord coords:domain time TImeSI3mp)



wasinformjedsy

WasAssociatedWith
string [0__1]

_+ role

+agent| 4
e

ActivityConfiguration

ConfigFile

~ configFile

= atefactTvpe . TypeOfConfigArtefact [0 1]

0.1 1

assasasnsassssa el
+ informed = |

+ activity
e —-

LR R

1
- activity F1

Parameter

+ id - string [0._1]
+ value - string

"+ parameter
WWasConfigured By
0.1

~ activity 4 1
Activity

ParameterDescription

+ valueType : string
wed ;- string [0..1]
unit : Unit [0..1]
utype - string [0
min : string [0..1]
max : string [0._1]
options - string [0..1]
+ default : string [0..1]

1]

(RN RN

= = parameternDeschiphion

configurationDescription

" - 1 + activityD escription
+ adlivityDescription

id : string

name - string [0 1]
startTime : datetinme [0...
endTime - datetime [0..1]
comment - string [0..1]

e
- actiity |1

wasinfluenceaBy

ActivityDescription
+ name : string [0..1]

+ wersion - string [0..1]

+ description : string [0..1]

o1

+ doculink - anyURI [0..1]
+ type : string [0..1]
+ subtype -

string [0__1]

- aclivityDescription¥1 = activityDescription'§1

UsageDescription -
+ role - PSanarat t:‘“
+ description : str e g rintion

= role - string [0.1]
+ description - str
+ type - string [0..1]

+ generationDescription

+ type : string [0..1]

+ usageDescriplion

« entityDescription | = + entityDescription | «

EntityDescription
+ entiyDescription |k name :© string [0..1]

el enlivDes crind

c<Subsets» !

Wb
Agent Used -
+ name - string + role - string [0..1] WasGeneratedsy
+ type : string [0..1] + time : datetine -
+ email - string [0 . + role - string [0..1]
+ affiliation © strim. A
4+ phone - string [ 0.1
+ addrass - string
- = entity & 4
VWasAttributed To Emtity
N + iy E -
+ role v [0 41 methak + id - string [0..1]
+ name - stnng [0..1
+ location - string [0..1] =
+ generatedAtTime - datatime [0 1]
ForTe—— + imvalidated®tTime - datetime [0..1]
I =
. 4+ comment : string [0..1]
= + influencer
ValueEntity
+ value - string o.1
DatasetEntity
fselfentitvDescrin
4
DatasetMetadata

+ dataproduct_type -

+ st,,aGEEa‘[f b

Dataset
string

==t & description : string [0..1]
0.1 B+ doculink : anyURI [0..1]
+ type - string [0 1]

ValueDescription
+ wvalueType - string
+ wnit : Unit [0..1]
+ wcd : string [0..1]
+ : string [0..1]

novalueDesoriotiony

| DatasetDescription
n-DatasetDescriolion?

+ contentType - string
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Hierachical Progressive Survey
“The more you zoom in on a particular area,the more
details show up”

Multi-resolution HEALPix data structure

for Images, Catalogues, 3-dimensional data cubes, ...

Conserves scientific data properties alongside
visualisation considerations

No databases or dedicated servers are required, just http

And MOC for discovery : /
indexation by HEALPIX cell View, Access, Discovery of DataCube

L



* SAMP for Desktop applications

* UWS : standard interface to manage VO Web
Services

*VOSpace : for data storage
* Registry



Existing « science ready »
radio data VO services



. HI4PI (Effelsberg), GALFAHI (Arecibo), and
HIPASS (Australia)

Fichier Edition Image.

=

|| cosicipass.

| coscmenss

[y o
o g DS /C/HIPI

Q ~ PsREI7I729
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* ALMA provides interferometric data in millimetric domain
* Native interface available

* Imaging cubes not yet available for all observations
(but in progress)
* ALMA archive delivers step by step VO interface elements:
* ObsTAP service available (next slides)
* SAMP in client
* MOC available
* Integrated in ESA Sky (with AladinLite)
* Projects : DatalLink, SIAV2
* UWS web service for reprocessing planned



10.0 *** BETA VERSION (based on v10.073) ***
File Edit Image Catalog Overlay Coverage Tool View Interop Help

:55.0200

Available data » 21973 f 219° Command gg
nwew e out wew DSS jSDSS j2MASS g WISE j GALEX fPLANCK g§AKARI §XMM pFermi jGaia fiSimbad gNED +

D552 color ¢ * . @

I Collections —
> M Image — 37

M Data base — 5 « Field: s_region
o Value: Polygan ICRS

M Catalog - 2020, -
=1 } . 91, 486637 86 631348
3 47 91482204 -85,
o Unit: deg
o LICD:

Others — ” i

i . 8
Problematic Pe
region bounded by

O™ ® serverselector
observation

Constraints:

Target

Radius

SUBMIT

il 112.9° x 61.7"

@ 0O, = mi=]ing
arid study wink rrtiviers

5 calib_level s_ra s_dec s _fou 5_region t_min t_man Observation En.|  t_exptime
text/htm ©1.423837500.. -88.63185 26564235597 2,2102533595.., 57145.984021| 2015-05-03T23:.. 57145695432 2015-05-03T2 1300.32
Fo! (f

text/htm 91.423837500.. -86.63195] 26.564235597 2.2102533595..] 57145.9640211 2015-05:03723:]. 57145995432 2015-05-03T2 1300.32
text/htrn 91,423837500.. -56.63195] 26.564235597..| I Click on it to show/hide the associated Footprint 31231, 57145895432 - 1300.32
text/htm 91.423037500.. -86.63195] 26.564235597 .| IIE M | oottt ot e 03723:). 57145995432 - 1300.32
text/htm 73.14289725] -85.566400972.]. 26.564235507.. 2.2840199243..] 57145.964021 57145.695432 - 151.2
text/htm 73.14209725| -85,588400972.], 26.564235557., 2.2640199243..] 57145,964021 57145,995432 - 151.2
text/htm 73.14289725] -85.568400972. ], 26.564235507.. 2.2640199243..] 57145.964021| 2015-05-03T23:]. 57145.095432 - 151.2
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select

from
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exp. st view

T




teur Web Firefox

File Edit Image Catalog

Available data -» 21973 / 2190 Command

Overlay

DS52 color

I Collections
| Image
. Data base
» [ Catalog

Others
Problematic

15°

urlin the ObsCore response points't

Coverage Tool View Interop Help

Alma Science Archive - Mozilla Firefox

B Alma Science Archive
“ e @
I+ Most Visited @ Getting Started http://volut

uery Form ‘Fe Jlt:

[ submit download request |

wing 1 of 1 ron

o =
anid study wink

ordi

o

em res powsr
7353.7783250..

hitt,

ruftiview

access url access estsize publisher ..
£ AL ALE

7888.0240400..

A ALL

0.3618826..

A0 ALE

3.7358828..

A0, AL

3.7783250..

ADL AL

7
&
7423.7358826..
7

A0.ALL | uid://A0014145.] image

0.39188286..

xv
inview e outview DSS g SDSS §2MASS WISE § GALEX gPLANCK g AKARI g XMM gFermi gGaia pSimbad gNED | e an =

10452-8535

-

1 3 = (0:35, 69%) 09:08 {%

Projection DTNl

Close Viewer Resul

| phot.fiux.densi

exp. sort view

and

ACLALL | uidi/MA00100 45 image
=

e

phot.flL.densit
TR

12:02.55820 -86:

112.9° x 61.7°
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* CASDA implemented
* MOC
* ObsTAP, and SIA services available
* Datalink with Cutouts
* SODA interface
* VO Scripts available



10.0 *** BETA VERSION (based on v10.073) ***

1 2 B b (100%) 17:35 3%
File Edit Image Catalog Overlay Coverage Tool View Interop Help B E

Available data - 4 / 21976 Command xv Frame [ Projection [T 5
DSS pSDSS § 2MASS g WISE j GALEX gPLANCK g AKARI g XMM gFermi gGaia gSimbad gNED + w—_a@uml
. o D552 color
:et:_‘jsns : select| Welcome to Aladin,
your prafessional sky
1A2 (image|cube) — 1 @ tl
au,csiro pan ;S 7
. . ® NZCOvEr al
CSIRO ASKAP Science Data Archive| CSIRO ASKAP Science Data Archive Image Access Service (d_i) astronomical data
ksl 7
SA (spectrum) . Co o available over the net!
au.csiro
& CSIRO ASKAP Science Data Archiv Ehet e Sonpars Uil
'S (cable) / your own data,
au.csiro T e Prepare your
CSIRO ASKAP Science Data Archive A abservation missions,
AP (table) : ta
au.csiro To start, type any
: . . roc  object mame, such as
CSIRO ASKAP Science Data Archive M1, and press ENTER. .,
Or easier, clic in the
4 main frame and enjoy
the sky...
>
i oy
§
v
! crop E” i o
B2 D5 /P /D552
. ~ cont
e dens, - ——fF——+
= opac. - 1 +
2 : prop zaom - J———+
> 4 7 -
: del Q
360" x 180"

& 0, <= OEmA
arid study wink “rultivien _ L2

K o

setc: ETRI
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[ T a
coll.  sart  wview filter .

:57. 72658 -6l 06.6!
360° x 18
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File Edit Image Catalog Overlay Coverage Tool View Interop

Available data —» 4 Command g : : Frame [N Projection DTG
Wl & out vieus DSS ASDSS j2MASS j WISE j GALEX APLANCK §AKARI §XMM pFermi jGaia fiSimbad gNED +
. DS52 color
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au, csiro
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* CADC has a couple of Radio cube surveys such as
* CGPS
* ALMA
* VLASS

* Plans at NRAO (collab with CADC?)
* [talian
* Others ? Sorry if any !!!
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See Ada’s talk on Saturday



* A) extend « science ready data » availability in the VO .
* Create new ObSTAP/SIAV2/DatalLink/SODA services

* Create HiPS for moment/continuum maps and access « original
data »

* B) Visibility data (=VD) — what should be investigated/done :
* Use ObsTAP/SIAP2 for VD rough discovery
* VD fine grain characterisation and discovery
* Integrate VD processing in VO landscape
* VD VO representation/data modelling ?

*C) Others ? (Rotation measures, ...)



¥ Visibilitysela

(courtesy LOFAR/AS

Data Types: Visibilities
ASTRON

» Interferometer: Creating virtual aperture up to ~2000km (A/D)
Incomplete coverage

« Typical use of Radio Telescopes: imaging depending on science
LOFAR: Projection effects (No moving dish/mirror)




o

Use Ob?’TAP/ S'AP"OF ,VD;, rough ke

* ObsCore has « visibility » dataproduct type

* Visibility data have rough spatial
position/extension, time range, spectral
range, polarisation

—> roughly fit in ObsCore

* Complex data structure can be searched via
CAOM extensions ?



rac erisation and

¥

* « coarse grain » discovery via ObsCore + DatalLink for
additional metadata
* UV plots
* frequency/amplitude or phase/amplitude plots
* Beam size and shape
°* Number of antennas, instrumental details

— should we integrate this in « characterisation » DM ?

* Dynamic characterisation according to scientific
goals : VO Web Service or VO application ?
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Integrate’VD processingiif\

&,
P

* Use « provenance » to go back to original data

* Store and Make available science data reduced by
individual scientists

* Propose a black box service providing « science
ready data » according output characterisation

* Launch CASA code remotely close to the data

* Bring code to the data (docker/ jupiter notebook /
platform)



Y

ASTRON

« Stored as CASA Measurement Sets
10 MB - 100 GB in size, per 192 kHz frequency band
Usually 400-488 per observatlon
Relational structure
Each cell can have multiple d|men5|ons (pol x freq)

LOFAR Mcasurcmcnt Set Model version 2.07.01

ANTENNA

LOFAR _ prefixes have been omitted for clarity
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+measure

‘Comment

0.1

PhotCal Identiier (name)

Measure

~ identifer  string

0.1

<Subsatz> Comment
{meas-CoordMeasure_coord-is PhotometricCoord}
meas Coordeasure erormeas-EroriD} Photometic system

CooraMeasure
[eg VEGAMag, ABMag, STMag]

+coord - string
7

—-Zeroboint

‘Comment

I I ] | B e ccion - resciony

~ bandwidth - S._

Comment
Effective Wavelength
= extent : RealQuantity

= start: RealQuantity
= stop - RealQuantity

PhotomericCoord

Comment

Wavelength Min

TransmissionPoint Access Comment

Wavelength Max

=+ spectralValue - RealQuantty +reference  string
+trans mission\alue - RealQuantity «format: string
al

ae
Coordinate ™ Magnitude

Why : transform into time series, event lists, etc ? Combination
with other spectral domains
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