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Science Data Model
history from MS to SDMv?2

 Measurement Set (MSv2)

* Used offline with AIPS++ (now casacore)
* Evolved to become the ALMA SDM (ASDMvO0)
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Science Data Model
history from MS to SDMv?2

 Measurement Set (MSv2)

* Used offline with AIPS++ (now casacore)
* Evolved to become the ALMA SDM (ASDMvO0)

ASDMv1

 Real time data capture
« ALMA and EVLA

e ~50 tables
 This is the current version used for ALMA & EVLA
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Science Data Model v2 - Goals

* Generalised model for any radio telescope
* Single dish
Aperture synthesis

- (eg. ALMA, EVLA, PdB, ..))
 VLBI

Aperture plane phased arrays (eg. EMBRACE)

Focal Plane Arrays

- Feed clusters (eg. Parkes, Arecibo, Effelsberg, ...)
- Phased array feeds (eg. ASKAP, APERTIF)
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Science Data Model v2 - Overview

e Enum
« Categorised enumerators
* PhysQuan (Physical Quantities)

e Collections of physical quantities (eg. Temperatures)
and measures (eg. QDirections)

 Virtual Quantities (eg. Phase_Dir, Staircase for OTF)
« Values with uncertainties (eg. Position, Length)

« SDM

« Ensemble of Tables

- Relations within tables, and between tables
e Normalisation

- Allows queries in a database
e Set/subset based
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Science Data Model v2 - components

 Meta data
* eg. definition of a configuration
* Auxilliary data

e eg. Instrument diagnostics (temperatures, encoder
values, etc)

e Data

* eg. visibilities, autocorrelations

Objects and Types persist and remain accessible
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Example: EMBRACE@Nancay
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EMBRACE@Nancay

5760 antenna elements
* Hierarchical beam forming

* Organised Into tilesets

e 20 tilesets
e Each tileset is 4 tiles of 72 elements each
e “gtatistics” include

— Cross correlations between tilesets (imaging)

 Lots of flexibility regarding bandpass, pointing,
number of pointings
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EMBRACE Station Digital Processing

Source coordinates

Station Control Unit

Source coordinates

Interferers coordinates

\ 4 Subband A y Subband
Calculate frequency Calculate Calculate frequency
Tile array Array geometry Initial vector for Projection Array geometry
settings < » Beam forming Matrices for nulling [«
4
Detect Nulling of
Interferer Interferers » LO1 beam A
~ ) Local
A
. » LO1 beam B
Tile array “|  Calculate Correct for Con tr OI
settings .| Calibration Calibration Un ’t i
>
m Subband m m Ol..l'[put mode
To be processed Time stamp v
M External
N cells of Compute Compute Compute > Correlator
combined tiles Subbands Cross Beams Interface
2 RF beams Statistics Correlations Statistics *
Antenna data \ Mark V recording
From RCU
Separate Select Form Output
2N x 200 MsPs Subbands Subbands Beams Beams I Data recording
12 b. Post processing
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EMBRACE Station Digital Processing

Station Control Unit
Source coordinates Source coordinates Interferers coordinates
A4 Subband A 4 Subband
Calculate frequency Calculate Sl frequency
Tile array Array geometry Initial vector for _Projection _ Array geometry
settings < » Beam forming Matrices for nulling [«
4
Detect Nulling of |
Interferer Interferers L 21 beam A
¥ ) Can this be written in the format
> 2 |lbeamB
Tile array » calculate | | OF @0 AIPS++ Measurement Set?
settings » Calibration | | (Jan Noordam, 13 Nov. 2008) o2
— =
m Subbfind m m Ol_Jtput mode
To be pfocessed Time stamp v
v External g
N cells of Compute Compute Compute »|  Correlator
combined tiles Subbands Cross Beams Interface ,
2 RF beams Statistics Correlations Statistics *
Antenna data \ Mark V recording
From RCU
Separate Select Form Output
2N x 200 MsPs Subbands Subbands Beams Beams I Data recording
12 b. Post processing
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SDMv2 Main Features

» Can be easily pruned for a specific instrument

« Can be applied to any instrument of any
complexity or simplicity

* eg. future radio telescopes: ASKAP, APERTIF,
EMBRACE, ALMA, EVLA, VLBI, etc

» eg. for SKA: It will be composed of multiple
technologies, but all can produce data In
SDMv2
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Example of a Collection of Measures
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FIELD::DELAY_DIR VQDirections

Object in one cell of the DELAY_DIR column in the FIELD table

QDirection dir_10 = vdirections("RFB,X")[10].get(time)
VQDirection vdir_10 = vdirections("RFB,X"}[10]

QDirections seq_dirs = vdirections("RFB_A, Y").get(time) ) A
VQDirections seq _dirs = vdirections("RFB_AY") o

\ <
_ ‘ < Sequence of directions
<7 Sub—band axis
. < <
N < = Enum<AxisName> e_ax(SPW)
dir[3] . |
</ < !
g ™ - =~ Spectral window:
ir[0] v one channel per sub-band
POLARIZATION * v X T
\\\ __-::‘- enumerators
RF_BEAM RFB_A RFB_B ----
el Context Identifier
enumerations ) EnumSet<AxisName> es _ank(RFB,POL)

VQDirections vdirections:  Sequence of sequences of virtual directions
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Examples of Table Dependencies
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SDMv2 for EMBRACE

» 3 fundamental axes
 Time
- scan, subscan, integration, subintegration
» Spectral
- baseband, subband, spectral window
e Aperture
- station, tileset, tile, feed element (Vivaldi)

e Table

e Set of sections

- Key (one or ordered sequence of fields)
- Data description (meta data)
- Data (contains primary key, secondary key, etc)
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Example: The Feed Table

» Key Section

Antenna Id
Spectral Window Id - The 3 fundamental axes
* Time interval
* Feed Id

» Data Description Section

 Number of receptors
» Data Section
* eg. Beam offset, Phased Feed Id, RF Beam Id, etc
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Example: The Feed Table
(converted to a Measurement Set)

Table 7: Feed characteristics

FEED
Name Format Measure Comments
Key
ANTENNA_ID Int Antenna id
SPECTRALWINDOW_D] Int Spectral window id.
TTME Double EPOCH Interval midpoint
INTERVAL Double Time interval
FEED_ID Int Feed id
Data description
NUM_RECEPTORS Int Number of receptors on this feed
Data
BEAM_OFFSET Double DIRECTION Beam position offset (on sky but in
antenna reference frame).
(FOCUS_LENGTH) Double Focus length
(PHASED_FEED_ID) Int Phased feed
OLARIZATION_TYPE | String[N,] Type of polarization to which a
given RECEPTOR responds.
POL_RESPONSE Complex[N,][N,] Feed polzn. response
(RF_BEAM_ID) Int RF beam
Continued on next page
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ANTENNA

<<table>>
ANTENNA

ANTENNA_ID

ANTENNA

<<table>>

FEED
ANTENNA_ID

Feed Table with
Phased Array

SPECTRAL_WINDOW_ID

SPECTRAL_WINDOW

<<table>>
SPECTRAL_WINDOW

‘ SPECTRAL_WINDOW_ID

_f"ﬁ

SPECTRAL_WINDOW

<<timelnterval>>
FEED

TIME
INTERVAL

<<sequence>>
FEED

FEED_ID

—

FEED

PHASED_FEED

<<table>>
PHASED_FEED

ANTENNA_ID
RF_BEAM_ID
SPECTRAL_WINDOW_ID

|

<<sequence>>
PHASED_FEED

| PHASED_FEED_ID |

e

<<timeInterval>>
PHASED FEED

| TIME_INTERVAL |

|

PHASED_FEED

RF_BEAM

<<table>>
RF _BEAM

RF_BEAM_ID

<<timelnterval>>
RF_BEAM

TIME_INTERVAL

ANTENNA_ID

T

RF_BEAM
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ANTENNA RF_BEAM SPECTRAL_WINDOW

<<table>> <<table>> <<table>>
ANTENNA RF_BEAM SPECTRAL_WINDOW
ANTENNA_ID RF_BEAM_ID ’;EPECTRAL_WINDDW_ID
e —
WSED_FEED
bl <<timelnterval>>
PHASED_FEED RE BEAM
ANTENNA ANTENNA 1D = SPECTRAL_WINDOW
RF BEAM ID TIME_INTERVAL
SPECTRAL_WINDOW_ID ANTENNA_ID
f::f::saquence::-}
PHASED_FEED RF_BEAM

PHASED_FEED_ID

|

e v Phased Feed
| Table

PHASED_FEED
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SDMv2 - Implementation

e 3 levels

 Meta model: generic parameters (XML Schema)
 Model: instance of the meta model (XML)
« Data set: instance of the model (XML + binaries)

 Code generation from the model (c++ template)

e Cc++ classes

« XML Schema (Type definitions)
- eg. Dataset<Sdm>, Dataset<Sdm,EMBRACE>
* Python interface
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Model defined with valid XML

<oXygen/> - [ftmp/SDMyv2.2.1/SDM/src/esdmMetamodelDefinition.xml]

File Edit Find Pruject Perspective Options Tools Debugger Document Window Help

] He Ew 9o XERWe QR <EE ks

e A N R R R R R R R R R R R R R R R R AR R R R R R R R R AR RN ..
outline olle .pf6ESdeEtamndE.IDeTnmr?.}{m_l* | - — ﬁ*
Q) damain "http: f faramis. abspm. frisdm” j§ ‘ﬂ ‘ﬂ 'ﬂ - % .ﬁ = 'j ‘3 :ﬁ LE % ] XPath 1.0 ~ |
¢ ® table "ExecBlock" : 1 =%xml wersion="1.0" encoding="UTF-2"%>
o @ cescription 2 = <damain "hWttp:/ aranis. ohspm. Fr/sdn" "http: A w3, org/ 2001 MLSchena-instance"
o @ keysection : 3 "hWttp:/ aranis. ohspm. Fr/sdn" "http: /S aranis. obspn. frisdn
o= @ dataDescriptionSection . L SHSDM sdoMetanodeTDefinition. xsd” "http:/faranis.obspn. fr/~alna/ <WERSION"
o= @ dataSection g "edm" o o o
o @ table "Statjon” &= <tahle "ExecElock" no "eh's
7 @ table "Antenna’ : 7 zdescriptions
- @ description o : g <hrief ""sExecution block</hriefs
@ t:|r|ef_ Antenna characterlznc_z. 9 N T "L TRle /detad Teds
@ detqned The term Antenna is us §§ 10 </descriptions
7 @ keysection 3 11+ ckevSacti
. . ywSections
- e u:u:ulumn. gntenngld 12 = <column "execBlockId" "Tag_ExecBlock_"=
¢ @ datalDescriptionection \ , - -
o @ colurmn "nurAntenna” : 13+ <descriptions
o ® dataSection : 14 <hrief "eFwecution block ddentifier</brief=
o @ column “name" : 15 </descriptions
¢ ® description 16 </colunns
® brief Antenna name, a ur 17 </keySections
o @ column "type! : 18+ <datalescriptionSections
o= @ column "maount” : 19 <column "numnAntenna" "Type_int_ "=
o @ column "phasedantennald 20w zdescriptions
o @ column "apertureComponent” | 21 <hrief ""=MNumber of awvailable antennais)</brief=
o= @ column "offset’ 22 </descriptions
o @ column "position” : 23 </colunns
- @ column "ime* 24 </datalescriptionSections
: : EE:EmE "irzitlluer;!d : 25 = <dataSection:
. . 26w =colummn "telescopeMane" "Type_string_">
o= @ column "aperturesize 57 = <descriptions
f~ @ column “assocAntennald 28 <hrief "=Telegcope name</hriefs
o @ column "5_pau:eu:raft0rt:ntld" : 59 d . .
9 @ table "SpectralWindow : </descriptions=
o ® description : 0 ZUSECase UALMAY
o~ @ keysection 3 21 <lUsecase "EMBRACE" /=
o @ dataDescriptionsection 32 <Usecase "EVLA" S
o @ datasection : 23 <lUSecase "IRAM_FDE" /=
: 34 <USecase "TRAM_SOM" /=
3t <USECAase "WSRET" i
17 </ columnn=

Francois Viallefond Sc1ence Data Model v2 CALIM2010, Dwingeloo, 24 Aug 2010



Example: Antenna table defined with valid XML

=tahle "Antenna" "o Yant's=
<description:s
<brief ""2Antenna characteristics.</brief=

<detailed ""=The term Antenna is used to define a generic aperture element. This

element may be either a compound of smaller apertures or the component of a larger
aperture, or both simultaneousTy 1n a hierarchy. The constraint 1s that all these
elements must respond in phase to wave-fronts coming from at Teast one direction. If
the antenna is a compound of smaller aperture elements, these do not require to form
a monolithic aperture. With this definition a co-phased aperture synthesis array,
g.q. the WSRT as a whole, can he one entry (one row) 1n this Antenna takle, a
typical use-case for VLEI.</detailed:s

<j/description:

<keySection:

<column "antennald" "Tag_Antenna_"=
<description:
<hrief ""wAntenna 1dentifier,</briefs
</descriptions
< /ocolunnz

</keySection:
<datalescriptionSections

<column "numAntenna” "Type_int_"=
<description:
<hrief "eNumber of co-phased components</briefs
</descriptions
</columnn:

</datalescriptionSections
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specialisation with usecases

<column "nhasedAntennald" "Tags_Antenna " "numAntenna”
"true'=
<description:
<hrief ""wReferences to the co-phased aperture components</briefs
</description:
<Usecase "AFERTURE_AREAY" /=
< /ocolumnn:=
<column "apertureConponent” "Enum_ApertureConponent_" "trug"=
<descriptions
<hrief ""wAperture component this 1ist of phased antenna references

corresponds to.</briefs
</descriptions

<lSECAsE "AFERTURE_AREAY" /=
< /ocolumnn:=
<column "offset” "ng" "OPosition" YORE" "trug"

"mosition's
<descriptions
<hrief »Phase reference position. Dish antenna: in the Yoke, relative to
the antenna pedestal. Aperture array: TBED </briefs
</descriptions

<lISECAase "AFERTURE_ARREAY "™ "ANTEMNNA_STATION" /=
<USEeCASe "ALT_AZS" "ORE" "refcode" /=
< /ocolumnn:=
<column "pogition" "o "OPosition" "ANTENMA_STATION"
"trug" "Station/position” N2
<description:
<hrief ""zPosition of the antenna pedestal reference point, relative to

the station reference point</brief:
</description:
< /ocolumnn:=

Francois Viallefond Science Data Model v2 CALIM2010, Dwingeloo, 24 Aug 2010 28



Data Capture for EMBRACE

Data Capturer

Dataset Python Quick Look
objet in memory interface Viewer (Qt)
archiver

Dataset
persistent object

converter

Measurement Set
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Francois Viallefond

Eile

Main
AlmaCorrelatorMode
Antenna
CalAtmosphere
CalData
CalReduction
ConfigDescription
DataDescription
Doppler
ExecBlock

Feed

Field

Focus

FregOffset

History

Paointing

Polarization

Source
SpectralWindow
State

Station

Subscan

time

4426983R/970...

44289837000...

442609837010...

44269837020..

442 B9837030...

442609837040...

442609837050...

44269837060,

4428983707 0...

442609837080...

Table Viewer

scanMumber

ARBEO1

. | BB01

subscanMumber | 1tegrationMumbe

253000-16..

253000-16..

fieldid=All f | configDescriptionld=All

7 Auto
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SDMvZ2 Current Status

« SDMv1 In operation for ALMA & EVLA

« SDMv2 Implementation for EMBRACE nearly
complete.

» Testing with EMBRACE@Nancay in September
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SDM Collaboration

« ALMA SDM
* Robert Lucas (ALMA)
« EMBRACE SDM

« Steve Torchinsky (Obs de Paris - Nancay)

* Frédéric Badia (Obs de Paris - Nancay)

* Jean-Michel Martin (Obs de Paris - GEPI)

« Henrik Olofsson (Onsala Space Observatory)
* Philippe Picard (Obs de Paris - Nancay)

Francois Viallefond Science Data Model v2 CALIM2010, Dwingeloo, 24 Aug 2010 32



