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INAF Radio Telescopes

Observing modes: Sy e SRS : “.l “G. Grueff” Medicina
i .8, " ¥ Northern Cross
e Single-dish S W ST e —

e VLBI (EVN, IVS, EAVN)

e VLBI-it: the «EVN lite»
concept applied (+software
correlator)

Northern Cross :

e Space debris monitoring
e Fast Radio Burst (FRB)
search and monitoring




INAF Radio Telescopes

e State-off-the-art instrumentation available at the INAF radio telescopes allow observed bandwidths up to
2 GHz with up to 65k spectral channels and time resolution down to 100 microsec.
e This translates in data rates up to hundreds GB/hr, posing challenges for several archival operations.

GHz 0.1 1 10 100 Thanks to high-frequency receivers
# available in the next future, INAF
telescopes are going to offer bands
band P L S C X K Q W from P to W (i.e. from 305 MHz up to
N 116 GHz).
K/Q/W receiver

Up-to-date information about Calls for Proposals, offered instruments (e.g. receivers and
back-ends), and access to the Data Archive are available through the page at the URL:
https://www.radiotelescopes.inaf.it/



https://www.radiotelescopes.inaf.it/

Observational data products
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Observational data formats

file Edit Tools Syntax Buffers Window Help
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File Edit Tools Help
Index Extension Type Dimension View
Al LXAuEey mage I Header | lmage | Table [
1 ARRAY_GEOMETRY Binary 7 cols X2 rows Header | mist | Pot | an Select
ez SOURCE Binary 26 cols X 4 rows Header | Hist | Pot | an Select
13 ANTENNA Binary 13 cols X 18 rows Header | Hist | Pot | an Select,
14 FREQUENCY Binary 6 cols X1 rows Header | Hist | Pot | an Select
5 INTERFEROMETER MODEL  Binary 20 cols X210 rows el et | | e
caLC Binary 11 cols X5 rows Header | Hist | Plot | a1 | Select
il MODEL_COMPS Binary 21 cols X210 rows Tl T e e
as UV_DATA Binary 13 cols X 8410 rows eader | mist | Pot | an Select [
& SYSTEM_TEMPERATURE Binary 10 cols X0 rows eader | mist | Pot | au Select
10 PHASE-CAL Binary 17 cols X 378 rows eader | mist | Pot | au Select I
~1313f</PROJO>
-~ INSERT -- 1,1 |
L
2,
L} fv: Summary of 20190409-184651-34-18-B0355+54.rf.gz in /h: i loads/ / PS RC H IVE
File Edit Tools
Index Extension Type Dimension View P S R F I T S
Lo Brinsey Image 0 Header Image
1 HISTORY Binary 25 cols X 1 rows (s I Hist | Plot | Al Soloct
Efi2 PSRPARAM Binary 1 cols X 14 rows e I Hist | Plot | Al e
13 T2PREDICT Binary 1 cols X 43 rows Header I Hist I Plot | Al I Select l
4 SUBINT Binary 18 cols X 8 rows . I Hist I Plot | Al I ol
5 DIG_STAT Binary 2 cols X 8 rows (s I Hist | Plot | Al e
&6 DIGSENTS tary SicobR frows Header | Hist | Plot | Al Select
e BANDPASS Binary 3 cols X1 rows Header I Hist | Plot | Al I Select l
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o Primary Imag ot 7 Tottude affsst in gelackic fran
o - fan thentatie:
i i sIERARCE Siacan Tdenkifser
a1 RAEITRELE Bnary  SeolsX2rows  yooer | |t schrd«lcn-snz -+ o7rO8 20140905-10502%"
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7 RF INPUTS Biary  9COSXZrowS  oaer | |FIH Sibtcme ") descrsbes the scn type based on tolescope %
P
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Data file

Header size (bytes)
Data size (bytes)
Data type
Telescope
Datataklng Machine
Source Name
Source RA (J2000
Source DEC (J2000)
Frequency of channel 1 (MHz)’
Channel bandwidth
Number of channels
Number of beams
Beam number

Gregorian date (YYYY

Sample time (us)

Number of samples
Observation length (minutes) :
Number of bits per sample
Number of IFs

: 64
'0

1
2.

: %2;90923-1 10249-17-19-B0329+54 fil

: 1231175680
: filterbank (topocentric)
: SRT

 ROACH-1
- B0329+54
:03:32:59.4

1 +54:34:43.6
: 359.937500
Hoz) :-0.125000

Time stamp of first sam le }B/IJD) 58749. 480809267316

/09/23

923712
1

Filterbank




Pre-ingestion procedures: example for time-domain data
o
e

PSRFITS
I T PSRFITS
header
16 GB/hr PDFB3 Sfocf | .of fixing
online _— == ey .
- 4
ROACH-1 | PSRCHIVE
NO MORE ; > dspsr PSRCHIVE > summary fits
OFFERED offine  —— | | nerchive (-ar) | generation and tar |
other sw lib creation
(under develop.) K
/ ROACH-2 \ baseband data a
(.dada)
SARDARA splice_dada FILTERBANK

digifil

(.fil)

FILTERBANK

dspsr summary fits
~ 100 E)thzr s)w generation and
GB/hr SKARAB tar creation



http://sigproc.sourceforge.net/sigproc.pdf
https://www.atnf.csiro.au/research/pulsar/psrfits_definition/Psrfits.html
https://psrchive.sourceforge.net/

Th e arCh |Va| SyStem SAMP broadcast

Simple search VLBHT search SD search Pulsar and transients search

The archival system is based on the New
Archiving  Distributed  InfrastructuRe —

(NADIR), explicitly designed to be flexible v oo ——

e in order to cope with evolving data . Dec Radivs arcmin)

rotend oo models, formats, publication policies,

versions and metadata contents, keeping plotess e - =

consistencies among different sites. ¥ e M1 from e

dataExporter opt_metadataExporter
port 5001 0

2.5 PB Tape Library equipped
with IBM Spectrum Archive™

ia2-nadir-radio.oats.inaf.it

v Projectid
archivio.ira.inaf.it
Smplesearch  VLBMTsearch SO search | Pulsar and ransients search
File name
archivio-web.ira.inaf.it
dnsimporter opt_metsdataimporter N e
RA(2000) | thmmssss Dec(2000)  demmssss Radis (aremin) 14
nadir2pg
R -«— — | i
portal web
Jstorage2 MySQLDB PostgreSQL L _lication Istorage o St
Obs date From: vy wvad n To: GMS (Group Membership Service)
dataExporter opt_metadataExporter Projectid -~ .
port 5001 rt 400 n m A
Telescope Select. a
Frontend e iy et ot o s ey e
8 Frequency [MHz] From: To:
cmrm— & © oo g Pl et s e 20
‘Bandwidth [MHz] From: To: h
! j user -
: | spectral From: Tor \
. : resolution [MHz] .
: ' 4
i i Not active Frequency bins.
: :
. I
' datalmporter opt_metadatalmporter '
h I
| .
\ .
| .
|
|
\ 6 @
|
' MySQL DB /mnt/storage
\
.
.
.
:
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fitslmy
[DATASRT/i

preProcessor
IDATASRT/indir_filterbank/

nadir.srt.inaf.it

porter
indir_psrits/

S

datalmporter

=)

Jstorage2

dataExporter
port 5001

IDATASRT/storage/ MySQL DB
dataExporter opt_metadataExporter
port 5001 0
/ archivio.ira.inaf.it

opt_metadatalmporter
MySQL DB

opt_metadataExporter
rt 400

datalmporter

O

MySGL DB
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e
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The archival system
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SAMP broadcast

% New search

Help

Simple search VLBHT search SD search Pulsar and transients search
File name
Name resolver Resolve

RA ) Dec

v Obs date From B To

v Frequency [MHz] From To

v Projectid

Simple search VLBHT search SD search Pulsar and transients search
File name
Name resolver: Object name
RA (J2000) hhimm:ss.ss Dec (J2000) dd:mm:ss.ss Radius (arcmin) 14

®  Toggleall

Obs date From: | yyyy.MM-dd
@ Projectid
Backend PDFB3
ROACH1
Frequency selection mode: @ Free range
Frequency [MHz] From:
Observation mode Select

o -

To:

Yyyy-MM-dd

Radius (arcmin) 0.0

A~ | Yourfies @ ~ Currently not logged in

.

GMS (Group Membership Service)

X OCEHM £«

o socadenty sllegetersd

@ N help? Ploas e ur Usar g nd FAQ




Internal data model: SD (no-time domain) and VLBI

relational entities (tables), mapped from the MBFITS (meta)data structure.

There is a unique internal data model for Single Dish and VLBI observations encompassing 8

MBFITS block diagram v.1.6

P PRIMARY HEADER
z Single file: | PRIMARY HEADER ly grouped files:
[ crouenG tasLE |
5 Observing [ SGN ] [ relfe  Jhewter
& setup | | I FEBE 1| " FEBE 2 Imhlc
NI
g ! 3 basebands 2 basebands >
z FEBE | FEBE 2 FEBE 1 FEBE2
2
Data associated
2 Raw backend dal Raw mohitor data parameters
4 o g == " B table rows
£3 2 IS 2 Z =
2E A z ] integration
g 1 g
g 2 ] =
&2 < g g B ARRAYDATA
=35 2 [H 3] £ and DATAPAR
= = g 3 entries are matched
Z e 2 by MID
< . '
2 FEBE | FEBE2
3 basebands 2 basebands Interpolation to backend time
FEBE | FEBE2 | stamps from ARRAYDATA I

file_info
|ﬁ|e_inf0_id: INTEGER [PK ]

torage_path: VARCHAR(25S5)

subscan
subscan_id: INTEGER [PK ]
e e

| fits_id: INTEGER [ FK ]
fits_id: INTEGER [PK ] | subscan_number : VARCHAR (255,
usrframe: VARCHAR (255)

object: VARCHAR(255)
projid: VARCHAR(2S5) feby
file_info_id: INTEGER [ FK —eg -

;

— — —ejsubscan_id: INTEGER [FK ]

monitor_data_id: INTEGER [ PK ]

subscan_id: INTEGER [FK ]
monpoint: VARCHAR (255)
mjd: DOUBLE

monunits: VARCHAR(255)
monvalue: DOUBLE

H—
l —gsubscan_febe

Isubscan_febe_id: INTEGER [ PK ]

subscan_phase
lsubscan_phase_id: INTEGER [ PK ]|

. subscan_febe_id: INTEGER [FK ]
[ _q<phase: VARCHAR (255)

ifebe_id: INTEGER [PK ] fobe_id: INTEGER [ FK ] arraydata
I : jscantype: VARCHAR (255) [ — — -aqarraydata_id: INTEGER [PK]
febe: VARCHAR(255) | subscan_febe_id: INTEGER [ FK ]
l iswtchmod: VARCHAR (255))] L . febe_setup haseba"d_lq 1 INTEGER [FK]
| febe_setup_id: INTEGER [ PK H—— — — —=&ig fbe-sel:i&'?éé’;f@" (]
4{ fiebe_id: INTEGER [ FK ] I~ — “restfreq: DOUBLE
A |_ SNSRI | | freq: DOUBLE | bandwid: DOUBLE
phase_id: INTEGER [ PK ] fk | bwid: DOUBLE | _-,»
fits_id: INTEGER [ FK ] - !_ - | £
phase: VARCHAR(2SS) | @ —mo oo T T T T T T — channel

feed_id: INTEGER [PK ]

febe_id: INTEGER [FK ]
feed_number: VARCHAR(255)

baseband_id: INTEGER [ PK ]

ichannel_id: INTEGER [PK ]

febe_id: INTEGER [FK ]

larraydata_id: INTEGER [FK ]

baseband: INTEGER

+

feedoffx: DOUBLE

feed_baseband *

feed_id: INTEGER [ PFK ]

apereff: DOUBLE

used_feed_baseband

ichannel_number: VARCHAR (255)|

channel_used_feed
ichannel_used_feed_id: INTEGER [ PK ]|

channel_id: INTEGER [ FK ]
| 5~ SHffeed_id: INTEGER [FK ]
baseband_id: INTEGER [ FK ]

ad

isefeed: INTEGER

------------ data: DOUBLE

besects: INTEGER




Internal data model for time-domain data

e The metadata of an observation are all written in the header of the primary HDU of a FITS file (in
case of FILTERBANK or PSRCHIVE, we produce an accompanying FITS file containing only a
primary header PSRFITS-like).

ID | column_name type HDU | keyword 1 keyword 2 description
1| TELESCOP varchar O TELESCOP TELESCOP Telescope name
2| DATE_OBS varchar 0| DATE-OBS DATE-OBS Date of observation (YYYY-MM-DDThh:mm:ss UTC)
3|OBSERVER varchar 0|OBSERVER OBSERVER Observer name(s)
4|0BS_MODE varchar 0|OBS_MODE OBS_MODE (PSR, CAL, SEARCH)
5|BACKEND varchar 0|BACKEND BACKEND Backend ID
6|RA_C varchar 0|RA RA Right ascension (hh:mm:ss.ssss)
7|(DEC_C varchar 0(DEC DEC Declination (-dd:mm:ss.sss)
8 [EQUINOX double 0| EQUINOX EQUINOX Equinox of coords (e.g. 2000.0)
9(PROJID varchar 0[(PROJID PROJID Project name
10| OBSFREQ double 0|OBSFREQ OBSFREQ Centre frequency for observation [MHz]
11|OBSBW double 0[oBSBW OBSBW Bandwidth for observation [MHZz]
12 SCANLEN double 0[SCANLEN SCANLEN Requested scan length (E) (N.B.: diff. from MBFITS) [s]
13[SRC_NAME varchar 0[SRC_NAME SRC_NAME Source or scan ID
14|NPOL int 0| SUBINT.NPOL SUBINT.NPOL Nr of polarisations
15| TBIN double 0[SUBINT.TBIN SUBINT.TBIN Time per bin or sample [s]
16|NBITS int 0| SUBINT.NBITS SUBINT.NBITS Nr of bits/datum (SEARCH mode 'X' data, else 1)
17| CHAN_BW double 0| SUBINT.CHAN_BW |SUBINT.CHAN_BW |Channel/sub-band width [s]
18| OBSDATAFORMAT  |varchar 0| OBSDATAFORMAT |OBSDATAFORMAT |Data format of the observation




Towards Virtual Observatory: ObsCore Data Model

& )

We want to make the INAF radio telescope data Findable, Accessible, Interoperable and
Reusable. To this aim, we are going to publish the INAF Radio Data Archive as a VO resource.

IVOA identified Observational Data Model Core Components and turned them into metadata to
describe data products generated by astronomical observations (ObsCore DM)
These metadata, implemented as a tabular view deployable through TAP, allow interoperable
discovery and access of observational data in VO registered archives (ObsTAP)

Core components and tabular interface were derived from a collection of use cases

Core metadata (mandatory, suggested and optional)
characterise datasets by product type and their spatial,
temporal, energy observable axis (polarization can also
be described); minimal provenance information is also

made available

(Courtesy of Marco Molinaro)

Computation



https://www.ivoa.net/documents/ObsCore/

ObsCore DM

Column Name Unit Type Description

dataproduct_type | unitless | String Logical data product type (image etc.)

calib_level unitless | enum integer Calibration level {0, 1, 2, 3, 4}

obs_collection unitless | String Name of the data collection

obs_id unitless | String Observation 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

e ioaed e e Spatial characterization

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




ObsCore DM

Time characterization

Energy/spectral
characterization

Column Name Unit Type Description

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

o_ucd unitless | String UCD of observable (e.g.
phot.flux.density, phot.count, etc.)

pol_states unitless | String List of polarization states or NULL if not
applicable

pol_xel unitless | integer Number of polarization samples

facility_name unitless | String Name of the facility used for this
observation

instrument_name | unitless | String Name of the instrument used for this

observation

Polarization
characterization




y [Mm]

Mapping radio data onto ObsCore DM - |

ObsCore DM is not sufficient for describing radio
data (both SD and interferometric ones):
o missing data products types (e.g. spatial

profile)

o scanning strategies (e.g. for SD observations)

o variability of spatial coverage/resolution with
wavelength/frequency

Oo uv-coverage characterization

8 1 A E | o
target source

=0.63
f£=0.25

L | coordinate)
2@ S
[ ]

On-The-Fly cross scan

On-The-Fly map scan
pe———

Raster map scan
o006 o
[ XX 2 J
eo00® o
on on
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X (spatial coordinate)

Frequency switching
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Mapping radio data onto ObsCore DM - ||

e Fortime-domain data, PSRCHIVE is the most comprehensive and most
used for data exchange. PSRFITS depends on the telescope/data provider.

Target Name / RA,Dec

t_min t_max
| |
| |
[ !
| |
[ ; ‘! !
Exposure | ( .t_e_xp_m_l_n] | texp_max 1 t_exp_total
I — [
It it tn %!
Observations _ /q ———————————————— (time_stamp t))
/
\\ - _l \\ —————— y
Sampling [ delta_t_min} (delta_t_max J

Number of observations: n_observations
Time resolution (precision of the measurement) —> t_resolution

What kind of observations do | have? magnitudes, spectra, images,.. —> Data type

(Courtesy of Ada Nebot - CDS)
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Concluding remarks

Italian radio telescopes are undergoing a phase of significant updates and refurbishment (active
surface, multi-beam, multi-band receivers, Next Generation Croce del Nord)
Thanks to new instrumentation data rates are up to hundreds of GB/hr
The INAF radio data archive currently contains SD and pulsar data from Medicina and SRT
observed between 2018 and 2020.
INAF Radio Data Archive WG is contributing to many IVOA activities:

o ObsCore DM extension for radio data

o discovery of time-domain data

o activity in Semantics WG (e.g. for dataproduct_type/sub-type, o_ucd)

... Ongoing/future activities:

Complete the archiving operations for data observed so far

Completing OS updates and migration to pyNADIR

Improving long-term preservation capacity and robustness (e.g. exploiting the IA2 tape library)
Implementation of new VO services for discovery, access and retrieval of Italian radio telescopes
data

Provide support for advanced data products generation through science platforms and dedicated

user space



