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» RF| facilities at the Italian radio telescopes (IRTs)

» Project tasks for RFI monitoring: some examples of RFl at the
IRTs

» Project tasks for RFI mitigation

» \WBLGB spectrometer

» Off-line Dish Washer
» Tests of mitigation tools at the Sardinia Radio telescope
» Summary and ongoing developments
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Competitive tender notice for technological
projects of relevant national interest (PRIN)
published by INAF usually every two years
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Prizes and PRIN grants

Prizes

» Qur project was financed in 2013 with 173 K€

It wass carried out in two years (2014-16)

A testimony to the work of the INAF scientists, and the groups that support them, are the national and - Zolotukhin of the Institut
international prizes that our researchers receive. It is worth mentioning the "Premio della Repubblica” that the de Recherche en

head of state, Giorgio Napolitano, awarded to a researcher at IASF-INAF in Milan, or the "Linceo" Prize, the : Astrophysique et

most prestigious Italian prize, awarded every 10 years, which this year was given to a researcher at INAF's ’ Planétologie (IRAP) of
observatory in Bologna, or the international prize for young talents, the Zeldovich Medal, that was awarded to ' Toulouse, also including
a young researcher at IASF-INAF in Bologna, the first time for an Italian. The Fermi prize for physics, this Matteo Bachetti, a researcher of the INAF in
year, also for the first time, was awarded to two astrophysicists, an associate professor at the University of Cagliari, has discovered that this pulsar is at
Ferrara, and a researcher at the IASF-INAF in Rome, who was then the first Italian in history to also win the the beginning of the recycle phase, i.e. the

international Shaw prize. Many more prizes have been won by the young researchers of our institute, such as process that causes slow and "turned-off”
the Marisa Bellisario and Marsden prizes. neutron stars to turn on again as “millisecond

PRIN grants pulsar”.
INAF uses that part of its operational funding that remains after salaries, fixed costs and contributions wc
projects and international collaborations, to finance basic research through a competitive and meritocratic PP T

process with PRIN-INAF grants, analogous to the PRIN-MIUR grants. In the last three years (2008, Sg:‘s‘;gluﬁg: ?grs;g%rn% Es’g e'l,.;?sets sets
2009,2010) 1.2, 1.4 and 1.6 million euro have been allocated respectively. new records
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Infro: Reserarch units and people

OAC = . o

INAF - Catania Astrophysical Observatory

IRA-Medicina s’roff . OA-Cagliari staff OA-Catania staff
K-H. Mack (P.I.), A. Zanichelli, S. Poppi (Local Coordinator) C. Trigillio (Local Coordinator)

M. Bartolini, C. Bortolofti, M. G. Serra, F. Gaudiomonte P. Leto, C. Buemi
Roma, A. Orlati, S. Righini, R. M. Buttu, C. Migoni

Amlbrosini

IRA-Noto staff
G. Nicotrg,R. Platania

R. Prestage (NRAQO), W. Baan (ASTRON)]), A. Jessner, A.

Non-staff people Kraus, P. Muller and B. Winkel (MPIfR), G. Busonera (CRS4)
M. De Biaggi, F. Cantfini, E. Favero

(research grants with the project
funds)
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INtro: Research Units and tasks

OA-Cagliari, IRA-Nofo and - ,

IRA-Medicina (RFI teams)

IRA-Medicing, IRA-Bologna

(backend team)

IRA-Bologna, IRA-Medicing,

OA-Cagliari [

(software team)

OA-Cagliari, IRA-Medicina

(RFI and backend teams)

)

INAF people and external

collaborators

Characterization of the RFI situation at
the three Italian radio-observatories

Development and implementation of
the FPGA firmware for on-line
mitigation (WBLGB spectrometer)

Development of an off-line mitigation
tool (Dish Washer)

Verification of the on-line mitigation
algorithms

Verification of the mifigation tools and

observational tests using telescopes
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32-m Medicina
telescope &
Northern Cross array
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Fixed station: 0.3 -12 GHz
Mobile lab: 0.3 - 40 GHz

‘Sardmla Radio Telescope

64-m Sardinia Radio
telescope
Mobile lab: 0.05 - 40 GHz

~‘ ! D10 oA Téiﬁeﬁ'ﬁﬁgfigco’.;_;) d\oto Radio Telescope 32-m Noto radio telescope
o bl g Fixed station: 0.1 -3 GHz
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Project tasks: RFl campaigns at IRTs

@ IRA- Medicina

@ IRA- Noto @ SRT

2 RFI meas. campaigns in freq. range

0.05-40 GHz (in 2014 and 2016) I'RFI meas. campaign (in 20195)
(by OA-Cagliari mobile lab ) freq range 0.05-40 GHz
Dedicated RFI meas. in the RA bands (by OA-Cagliari mobile lab)

by fixed station and IRA mobile lab)
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Example of RFl @ Medicina

Satellite signal in the Best2-Northern Cross band (400-416 MHz)
¥ATTEN @dB @-83. 75dBm ), Frimary RAS band
RL -B65.8dBm SdB ./ 408 . 95483MHz 406.1-410 MHz

Torre 17api15

g (= ﬂ\ /\f\ |
- J\L& “/ RW \% /M\LMWM max hold

Freq @ 409 MHz
multiple tfransmissions every 5 KHz

BW = 50 KHz
Drift/doppler ~ +/- 9KHz
CENTER 408. 97700MHz SPAN S8 8BkHz 1y quration 200 ms every 10-20 s

#¥RBW 3 BkHz #UBMW 1. OkHz SHP B67. Bms
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Example of RFl @ Medicina (@SRT as well

Satelli

File Options View Tracker Help

Setup | World Map | Ground Path || Flight
ANnA

| / \ Compo’rlble with
Spurius Freg @ 409 MHz : LEO Sat: OPTOS n.39420

Agilent 14:02:38 9 Apr 2015 Trace CF — 402 MHz
Trace . Agilent 11:29:13 9 Apr 2615 Trace
1 2
[:enter Trace
4@8.9770000 MHz : L
Clear Write
Clear Write
Max Hold
Max Hold
"'l Hin Hold
||!§>I|| j| i Min Hold
Y p«l“u’lr %l I ILlL"'thrl\'ﬂ] R "."fJ Ir"'l‘wl ' ..J'1|"'v,1a'w"1'~'1.I,U.J\v"-',.,._,)|.d'li .
View
View
Blank
Blank
More
) ] ) 1of2
More
Copyright 2000-200%8 Agilent Technologies ) . i 1of 2
30 VEH 36 Uz :
Timeframe Choose when (time in UTC) OPTOS status WinRotaor OPTOS frequencies Capyright 2000-2008 Agilent Technologies
O Real-time 201S mar 06 ~ | |08:80:36 & | Az: 77,6° El: 15,3° Dop: 778 Hz Tracker set to: Downlink: 402,0023 MHz OPTOS "LOS wait" 31664m 45s
From Ffile Lon: 13,5°E Lat: 42,0°N Sig:-106 dBm Az 79° El: 15° Satellite: Az: 77,6° El: 15,3°
® Manual @ sat [oPToS " Range: 1610 km alt: 599,2 km e Antenna: Az: 79° El: 15°
Sun: Az:116° E:19,4° Moon: Az2:289° El:-19,3° 2015 Mar 06 08:31:36 Az: 77,6° El: 15,3° Range: 1610 km Dop: 778 Hz Sig:-106 dBm Lat: 42,0°N Lon: 13,5°E alt: 599,2 km
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Example of RFI @ Noto

Low-C receiver band: two HiperLAN signals in a non-allocated band inside the RA band
4.95-5 GHz (Secondary Status)
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—'PolH' —'Pol V'
_ SS RAS band
57 4.95'5 GHZ
60 HiperLan @ 4970 MHz, HiperLan @ 4980 MHz,
BW =16 MHz U BW =16 MHz
>~ ;
E Ve — ) 'll
g i
5 |
: |
o

| bt
k W AU A

LA
A ‘ unlly ‘\J' V|| |
i VM' M ,4“ ‘ V‘» 1 A M b i ‘ " . MWW ,}” " A VWA

-69

-72

-75
4700 4750 4800 4850 4900 4950 5000 5050 5100 5150

Freq [MHz]
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Example of RFl @ Noto

Low-C receiver band: two HiperLAN signals in a non-allocated band inside the RA band
4.95-5 GHz (Secondary Status)

—'Pol H' 'Pol V'

- HiperLan @ 4980 MHz,
HiperLan @ 4970 MHz, BW = 16 MHz

BW =16 MHz ‘

:42:48 24 May 20816

\  14.970000000 GHz
-67.18 dBm

#BH 160 kHz
#\/BH 160 kHz
4950

5050 5100 5150
Freq [MHz]
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Example of RFl @ Noto

Low-C receiver band: two HiperLAN signals in a non-allocated band inside the RA band
4.95-5 GHz (Secondary Status)

—'Pol H' 'Pol V'

HiperLan @ 4970 MHz, Hipe_rlcn @ 4980 MHz,
BW = 16 MHz P BW = 16 MHz
4 Agient 07:45:25 24 Hay 2016 \ | OS2 ity &8

r Logged In Mirl 4.9/8 @98 GHZ egged In
#fitten B dB ~67.1% dBm \A / s #fitten B dB
arker

5 [4.970000000
B/ |-67.18 dBm

Both fransmissions were switched off after
reporting them to local authorities!

-

4800 4850 4900 4950 5000 5050 5100 5150
Freq [MHz]

£0F):
ETun

Sup

#YBH 109 kHz

WUBH 100 kiz
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Examples of RFl @ SRT

Low-C receiver (Under costruction) band, no RFl in the SS RAS Bands but...

-50

'PolH' —'Pol V'

SS RAS band 3S RAS band Digital Links
4.825-4.835 GHz ‘

4.95-5 GHz /
-55 ﬁ

Power [dBm]

j

f
TN Ll

_—_——______,_:==F- -—-—-—<::;\\\\\\\ﬁ‘ J/
\ Bands allocated to  «——1 |

Ministry of Defense (SS)

HiperLan Band
-75
4200 4250 4300 4350 4400 4450 4500 4550 4600 4650 4700 4750 4

-70

800 4850 4900 4950 5000 5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600
Freq [MHz]



e r ‘
il s * INAF

/‘Radionet., © - G. Serra at al. RFI Mitigation Project at IRTs, Yebes Observatory (IGN, Spain), June 8-9

RFI occupancy* at ltalian RTs
(In current receiver bands)

Medicina SRT

Freq. Band | Occupancy Receiver Freq. Band Occupancy

Receiver (focus) [GHz] (%] (focus) [GHz] [7]

Receiver Freq. Band Occupancy
(focus) (€2,V4] VA |

Radio Links, Aeronautical
400-.416 35 Radiosondes 305 - 410 digital links, low-C .
’ ’ . : T self-RFI 4.70-5.15 4 HiperLAN
power lines Mo (secondary)
power lines

Radar, high-C
1.35-1.45 15 Radar 9 : ;
satellite, cell (secondqry) 6.5-6.8 0
1.595- . phone, self-
35 Satellite S
1.715 RFI Coaxial S/X 2.189-2.371 11 Digital links
HiperLAN ; (primary)
Radio links - 57-7.7 10 digital links
597.1 25 Radio links K 21.18-22.46 0 :
Cellphone [EESEUE1Y)
2.20-2.36 - Radio links 18-26.5 7 network
digital links
5 Radio
8.18-8.98 Satellite 8.2- 8.6 3 Digital links Q 39 0-43.5 0 Only up to
) (secondary) ’ ’ 40 GHz
18.0-26.5 5 Radio links 31.85-32.35 2 Sur\;glljllgpce

* with respect to the whole bandwidth of each receiver
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Roach Board 1
http://casper.berkely.edu/wiki/ROACH/

Mg

posedge

»

pNC_gel

3

ishift
[o]

ent_rst

acc_len

16777215

:
gain
[Lent rsh > ﬂ
s
[onc_geni> reg_out sim_out| E
syne_cntr

sync sync_out
Cedear >—wEF—w{polinot1_outs
[edcy —»E3—poliof2_outz
[edczs >—wE3—polipols_outs
[Crdesr —>—wFF—#polidts_outs

——pf

p—*¢

F

2~11 samples,

Mattana

Courtesy of A.
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Project tasks: spectrometer tor RFl mitigation

Wide Band Lowpass Giga Bit spectrometer

Sﬁ

OUTPUT REGS

Spectrometer overview

odd
Address width 10

Mumber of channels 249

acc_enid

new_accdout
din valid

vacco

11 bits counter

Vector Length 512
Outputbit 32.5

ftaes_eof>>
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Roach Board 1
http://casper.berkely.edu/wiki/ROACH/

Hordwore feo’rures

8 bit, 1Gsps IADC

External clock synchronization

BW = 800 MHz

integration tfime = Tms (minimum for fast
RFI detection)

Data output rate = 1.25 Gbps

G. Serra at al. RFI Mitigation Project at IRTs, Yebes Observatory (IGN, Spain), June 8-9

Project tasks: spec’rrome’rer for RFI mitigation

Wide Band Lowpass Giga Bit spectrometer

IWW

pulse

Firmware overview

»PrOZ

Realtime data fime stamping a
Freq channels = 4096 (maximum via PFB

and DFT)

Configurable digital gain and DFT shift

(robust to RFI signals)

overflow monitoring

every stage inspectable via ram blocks



Ve r ‘
B 7= * INAF

/ Radionet., © )

A\’
roject tasks: software for RFl mitigation

G. Serra at al. RFI Mitigation Project at IRTs, Yebes Observatory (IGN, Spain), June 8-9

Off-line Dish Washer (DW)

0| Bish Washer - /home/alex/homed/dwdats/EITS_WARCOS_ME/30160411-154537-sclcom-ORIA_ONOFFMB/20180411-154537-scicom-ORIA_ONOFFMB 001 _001.7ts — | O X
File Tools Flagging ?
A & B L S8 @ m m »
i 0~ 04
Feed0 - Section0 ] i Item list
Feed1 - Section0 1 "
- Section0 1
3 - Section0 b | %1; Flag.(MN) FOSO-F
- Section0 54 | = [ ag )_FOSO:F
- Section0 i 1 (m] E Grid
J 1 ma |
10 i (] =a R
4 10
d | = Q
J I 85
1 1 = U
w
Metadata 35 -
) 815+ g 1
Bw (MH2z) 62.5 e | 515_
Source ORIA_ONO | ¢
4 - 80 4
uT 2016-04-1 20 o |
RA (deg) 1.4628771 ] 27
dec (deg) -0.094020 4
= 23 75 f
Az (deg) 3.188438( 4 el
El (deg) 0.7869718 4 1
30 -
T T T T T T T 1
22,330 22,340 22,350 22,360 22,370 22,380 22,390 30
MHz s s
71.7 71.8
87.5
75
62.5
50
Flag metadata 7 : - > : = - :
22,330 22,340 22,350 22,360 22,370 22,380 22,390 4 Vv | & 0T
MHz
(D Contrast adjustment tool @
3 g : |
: b o™
§ B e e e S 6 e A b e 4R 0 =22 ENE AT RS A NS i N A e S QO S ———— -
T T T T T T
40 50 60 70 80 90 ¥
Dish Washer
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Project tasks: software tor RFI mitigation

Off-line Dish Washer (DW)

D] Dish Washer - /nhome/alex/hiomez/awdata/FITS_XARCOS_MF/20180411-154527-scicom-CRIA_ONOFFMB/20180411-154527-scicom-CRIA_ONOFFME_C0L_U0L1.Mits o ] P

File Tools Flagging ?

SN A & | H L | Ho# 8 | v W D E W i w
Feed0 - Section0 4 r Item list
Feed1l - Section0
¥ S
() #:4

] = Flag.(MN)_FOSO:f
B ® Flag.(MN)_FOSO:f
W E Grid

= |

W = R

= 0

Size: 3.6 x [ 4 = U

ORIA_ONO

2016-04-1

Software features

Automatic RFlI detection algorithm (basic version)
Multi-feed, polarimetry data (R,L, Q, U) and spectral sections
Support parallelizzation for multi-core/thread processors

Input file format: metadata, FITS
Output file: a FITS table added to the input FITS file ER

Dish Washer
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Mitigation tools: preliminary fests @ SRT

Set-up and adjustment

» WBLGB spectrometer firmware was installed on a SRT backend (ROACH 1)
(DW not yet installed @ IRTs but tested off-line with Medicina and SRT dataset)

» |nterfacing with the Antenna Control Software (Nuraghe) to get pointing
coordinates, source name, UT and receiver setup

» the SRT IF baseband output was connected by a power splitter to:
» the WBLGB specirometer

» spectrum analyzer with for the spectrometer digital gain adjustment (repeated
for each SRT receiver band(L-P, C- and K-band)
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Mitigation tools: preliminary fests @ SRT

Strong known RFI (digital link) in the C-receiver band (5.7-7.7 GHz)

20+

T T T T T T T T T T T T T T T T T T T T T T T T
5,890 5,892 5,894 5,896 5,898 5,900
MHz 150 200 250
LLLLLLLL

} (0-1023)
x = 589584
y H’—
T T T

T T T T T T T T T T T T T T T T T T
2
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Mitigation tools: preliminary fests @ SRT

Strong known RFI (radar) in the L-receiver band (1.3-1.8 GHz) :
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Mitigation tools: preliminary fests @ SRT

Strong known RFI (radar) in the L-receiver band (1.3-1.8 GHz) :
Int time = 5 ms, temporal span =0.5 s freq span = 1260-1340 MHz

-
: :
2 0
: :
: B
' !

=
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Mitigation tools: preliminary fests @ SRT

W3OH (astronomical calibrator) and strong RFI in the C-receiver band

W30H C Band

W3OH @ 6668 MHz

\

RFI @ 6681 MHz

S
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Project Summary

» |n two years (2014-2016) the project has allowed to:

» create a network of people from different observatories/facilities of the INAF
and external partners to face together the RFl issue affecting the RA
observations

» sypport the local RFI groups in increasing the RFl monitoring at the national
telescopes (RFl environment is constantly evolving)

» develope HW/SW tools in common at IRT for a national RFI mitigation

» WBLGB spectrometer by using the local know/How in using ROACH-FPGA tecnologies
and Casper development environment

» Dish Washer based on a python free software providing:
» an user-friendly GUI
» Manual RFI flagging
» Automatic RFI flagging (at moment a basic sigma-clipping has implemented)

» |n general, a software platform where sophisticated automatic methods for RFI mitigation
can be implemented
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Ongoing developments

Since the end of project (July 2016) the same network of people have been
still working on:

Finish DW debugging and test with various types of data
(spectropolarimeters, telescopes, also involving the international
collaborators) - almost completed

Public release: it requires improving/testing some graphical
functionalities and updating the documentation - almost completed

Implement more sophisticated RFlI detection algorithms - to be done

(collaboration with other people involved in RA community would be very
welcome)

Implement support for different input data formats = Start/continue
collaboration with other facilities (GBT tests encouraging!)
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Thanks for your attention. Questionse
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O | Bigh Washer - /home/alex/homel/dwdate/FITS_XARCOS _MF/30L680411-1545237-scicom-ORIA_ ONOFFME/20180411-154527-scicom-ORIA_ONOFFME_COL_UUOL1.7its — 0] >
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A & B L | B
: 04
e Feed0 - Section0 | Item list
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s 1 (] 34
action( ]
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