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Antenna types

Low Band Antenna (LBA) High Band Antenna (HBA)

¢ 10-90 MHz * 110-240 MHz

¢ All digital beam forming

® 4x4 antennas per analoguely beam

formed tile ASTRON

herlands Institute for Radio Astronomy

¢ Tiles beam formed digitally



Break-out Assignment

In the break-out rooms, you have 5 minutes to make a Venn-like drawing/diagram
showing:
Station
HBA antenna field
Core
International Lofar Telescope (ILT)
Superterp
LBA antenna field
LOFAR-NL
Label the circles with:
e Name
* Approximate diameter
Compare your diagram to those of your break-out room peers. Use the internet if
necessary.
SEE YOU IN 5 MINUTES!

ASTRON
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Signal/data path

LBA: 10-90 MHz

[stations | —s]Central processing |—={ Archive |—>{Users |
———

STATIONS I GRONINGEN

RSP
- polyphase
filter

AN,
YN

e

RCU

- analogue
filters

- sampling

160/200 MHz

- correlator
- digital

Cobalt

CEP2(4)

beamformer

TBB

HBA: 110-240 MHz

- baseband
storage buffer
160/200 MHz

Digital Backend
- delay tracking
- polyphase filter
- fringe tracking
- correlator

- tied array

Post Processing
cluster

- flagging

- averaging

- calibration

- imaging

- pulsar detection

- transient detection

CEP3

User Post Processing /

cluster

LTA

Long Term Archive
- TARGET (Groningen)

— —

- SARA (Amsterdam)
- JSC (jiilich)

Netherlands Institute for Radio Astronomy

i ASTRON




Outline

Stations

ASTRON

Netherlands Institute for Radio Astronomy



The Receiver Unit (RCU) m. Norden

100 / 80 MHz band RSP

160 MHz LBA HBA_MID
200 MHz | | LBA | | HBA_LQW | HBA HIGH
0 '30 '80 '100 '160 200 240 MHz

28 17 13 8 6 5 Redshift

ASTRON

Netherlands Institute for Radio Astronom:

y



LBA dipole spectra
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Remote Station Processing (RSP) wm. norden

e Make 512 n lyph
— Vake 512 sub bands (polyphase
ot - = A,,OI filter)
RCUdata(X&Y) .
Rava I . e Beam forming
T 4w mm - ] e Firac () e Cross correlation
RCU data (X &Y)
I 6P . ¢ Data transport to Central
oo - b= m o ™) = (o Processing
RCUdda (X &Y)
RCU Inter board
1 serdes interface (1BI)
TBBdda 4= == = = AP3
RCU data (X &Y)
RCU ctrl
LVDS+ing

ASTRON

Netherlands Institute for Radio Astronom:
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Station cross correlation

1415268228 - Thu, 06 Nov 2014 10:03:48 +0000
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Station cross correlation

28-Sep-2011

16:10 UTC

LOFAR
f Chilbolton
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Beam forming
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Break-out Assignment

Discuss in merits of dishes vs phased array stations. Within your group:
e Come up with 3 concepts/domains where phased arrays have the advantage
e Come up with 3 concepts/domains where dishes have the advantage

e Agree among your group who will input which word into the following word
clouds. Each person can enter at most one word per word cloud.

* You have 5 minutes.

ASTRON

Netherlands Institute for Radio Astronomy



Station types

Remote International
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Dynamic spectra

C5028C Serdes Ring 00 : normalised data, scale 0.9:3. Zge2 C5028C Serdes Ring 01 : normalised data, scale 0.9:1 2ge2

035
o302
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Samples since observation start ‘Samples since observation start

RS106C Serdes Ring 00 : normalised data, scale 0.9:1 Zge> FR606C Serdes Ring 00 : normalised data, scale 0.9:1 25502

000 15000 0000
les since observation start
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FR606 Nancay
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Signal/data path

LBA: 10-90 MHz

[stations | —s]Central processing |—={ Archive |—>{Users |
———

STATIONS I GRONINGEN

RSP
- polyphase
filter

AN,
YN

e

RCU

- analogue
filters

- sampling

160/200 MHz

- correlator
- digital

Cobalt

CEP2(4)

beamformer

TBB

HBA: 110-240 MHz

- baseband
storage buffer
160/200 MHz

Digital Backend
- delay tracking
- polyphase filter
- fringe tracking
- correlator

- tied array

Post Processing
cluster

- flagging

- averaging

- calibration

- imaging

- pulsar detection

- transient detection

CEP3

User Post Processing /

cluster

LTA

Long Term Archive
- TARGET (Groningen)

— —

- SARA (Amsterdam)
- JSC (jiilich)

Netherlands Institute for Radio Astronomy
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(Re)organize and coarse alignment (CPUSs)

Sort incoming data by sample time

Best-effort buffer)»( Storage (CEP4) )

= { Organize & Align

Flag missing data

Transpose data from “per station: all sub bands” to “per sub band: all stations”
Coarse delay compensation: error 2.56 us

Ship data to GPUs

ASTRON

Netherlands Institute for Radio Astronomy



Correlator (GPUs)

L 4

Organize & Align Best-effort buﬂer)-»(smrage (CEP4))

Per station

¢ Polyphase filter

e Compensate remaining phase slope due to coarse delay step
e station sub band bandpass correction

Per baseline per channel
XX\ Xy} )
Yixi yiy}

e Compute
ASTRON

e Averageto 0.25-afews

Netherlands Institute for Radio Astronomy



Sub band bandpass correction
Beamformer station bandpass correction (CS)
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Beam former (GPUs)

L 4

Organize & Align Best-effort buﬂer)-»(smrage (CEP4))

Per station

e 256pt FFT

e phase slope correction

¢ sub band bandpass correction

e 256pt inverse FFT
Combine all fields
Complex Voltage: >, e; OR
Coherent Stokes: Stokes(D ,; e;) OR
Incoherent Stokes: ) ; Stokes(e;)
Average t0 5.12 us — ~0.01 s (Stokes modes)
Can be done on dozens of “tied array” beams simultaneously AST((ON

Output data rates up to 100 Gbit/s!



Further processing

CEP4

e Data REDUCTION (tens of TB to a
few TB)

¢ Batch processing only (Slurm)
e No user access

e Send data off to Long Term Archive
(LTA)

CEP3

user processing for limited time
(~ 4 weeks)

all LOFAR software pre-installed
24 Dell PowerEdge R720 servers
128GB memory

20 Cores (2 ten-core Intel Xeon €5
2660v2 processors)

Dell PERC H710P RAID controller
8 x 4TB disks in RAID6 setup, 22TB
net diskspace, XFS filesystem

ASTRON
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LBA beams at 50 MHz
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HBA tile

Netherlands Institute for Radio Astronomy



Analogue beam forming

: T, = 0.5 X 2™ns

Netherlands Institute for Radio Astronomy



HBA beams at 150 MHz
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Coherent sum of stations at 150 MHz

Superterp Full core
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HBA element beam 150 MHz

SE607 HBA dipole 1.0
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HBA analogue tile beam 150 MHz

SE607 HBA tile

y [m]

ASTRON



tal beam 150 MHz
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HBA station beam 150 MHz
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HBA station beam 180 MHz (dB)
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HBA station beam 210 MHz (dB)
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HBA station beam 240 MHz (dB)
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HBA station beam tracking 180 MHz (dB)
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HBA station beam tracking 180 MHz (dB)
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HBA station beam tracking 180 MHz (dB)
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HBA station beam tracking 180 MHz (dB)
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HBA station beam tracking 180 MHz (dB)
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HBA station beam tracking 180 MHz (dB)
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Break-out assignment

¢ Discuss among your group members how one can figure out where the
station is pointing.

® Assign one person to be your “representative”

This person will type the answer.

You have 5 minutes

ASTRON

Netherlands Institute for Radio Astronomy



SE607 beam 240 MHz (dB)

AST(&QN -



UK608 beam 240 MHz (dB)

South

AST(&QN -



SE607-UK608 beam 240 MHz (dB)
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If all goes well
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