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What is changing in LOFAR2.0?
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What is changing in LOFAR2.0?

Contral Clook Stations get new receivers, digitizers, FPGAs, new
firmware and new control and monitoring software
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What is changing in LOFAR2.0?

{ Central Clock }4 New time and frequency distribution using White Rabbit
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Upgrading COBALT, CEP and network
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What is changing in LOFAR2.0?
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LOFAR 2.0 Test Station (CS001)
Since July 2023:

New receiver boards (RCUSs)

New FPGA boards (UniBoard)

New FPGA firmware

New power supply hardware

New clock distribution (White Rabbit)
New monitoring and control software

LOFAR CS001

Lengtes HBA kabels
[]96 x 115 meter (48 antennes)
Lengtes LBA kabels

[®] 22 x 50 meter (11 antennes)
[#] 120 x 80 meter (60 antennes)
[ 50 x 115 meter (25 antennes)

Rotatie LBA veld: 136 degrees clockwise
Rotatie HBA veld: 24 degrees clockwise
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LOFAR2.0 hardware: subrack assembly
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LOFAR2.0 firmware

- Crosslets powers 0.1 to 10 s

XST
ADC samples subbands i beamlet_sum
14b 18b 18b 8b
%?é: #— D » Faup (* Esup » BF f » QO | —L» beamlets
’ sub_weights 16b ¢ bf_ weights 16b__ y ADC = Analogue Digital Converter
AST SST BST D = Input samples delay
AST = ADC Statistics
- Subbands powers 1 8 - Beamlets powers 1 s WG = Waveform Generator

- Time series 1024 samples buffer Fsub = Subband Filterbank

- Samples mean 1 s Esub = Subband Equalizer

- Samples power 1 s SST = Subband Statistics

- Samples values histogram 1 s XST  =Crosslet statistics
BF = Beamformer
BST = Beamlet Statistics
Q = Requantize
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Subband statistics (SST)

SST LBA | XX | LBA_10 90 at 2023-09-28T08:03:05
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L2TS sky image for CSO01LBA
SB 300 (58.6 MHz), 2023-08-25T13:09:52.000
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Beamlet statistics (BST)
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Station data to COBALT

visibilties CS001LBA-RS503LBA 2024-02-01 13:00:00.000
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Commissioning; what needs to happen, how can you help?
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Functionality testing

Validate control of station settings:

* Filters

* Subbands

* Pointing

* Antenna selection
* Broken antennas
* Delays

e Attennuation

Testing new functionality:
e Station control software
e Station firmware
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Station calibration

Delays between antennasltiles

1. Station visibilities against sky models
Create sky models

Use antenna/tile beam patterns
Investigate impact of ionosphere
Investigate accuracy

Full Jones calibration?

2. Station holography

« Shown to work for HBA tiles

* Investigate/implement holography
for LBA

* Enable station specification in TMSS

All-sky image for CS001LBA

SB300, 58.594 MHz, 2024-02-22T15:22:49
N
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Observed beam

Array calibration

115.04 MHz 119.92 MHz 124.80 MHz
Delays between stations 't I XES | ERES 1ltors
0.50
1. Clock/TEC separation 0.25
* Works for HBA imaging observation S
* Extend to LBA 129.69 MHz 13457 MHz 139 45 MHz
* |Investigate core beamformer T 1 g : ' 1lors
coherency g 0.50
= 0.25
2. Tied-array holography 144.34 MHz 154.10 MHz 163.87 MHz
» Shown to work for LBA and HBA i W o oef W o7ef W oos
e Test and improve algorithm 050
e Design TMSS strategy, make .
operational '

| (mrad)
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Automate station rollout with commissioning pipelines

Specify test in TMSS - observe on station — process with COBALT/CEP

Ideal situation:

* Suite of test observations in TMSS
* Observed with rollout of new station
* Results analyzed automatically

Examples:

* Functionality

* Delay Calibration
» Sensitivity

Requires:
* Analysis software (python scripts) __
* Pipelines on CEP or elsewhere : e phose”

* Means to start processing from TMSS
ASTRON
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Validate station stability

e |Issues in station hardware, firmware or
software may be rare in a single

station...
; X polarization HBAO, SB300
: BV
* ... but would be common in the full array _ = — .V
g 64| — BST(-12dB)
Volunteers to operate single stations for 7
long periods of time and investigate the ' Y oolarzation 1380, 55300
station data for issues " a ¥
g 644 — BST(-12dB)
Possible single station use cases:
* Solar monitoring
* lonospheric monitoring “214000° 215000 220000 221000 222000 223000 22:40:00

Date (UTC)

e Jupiter bursts?
* RFI monitoring?
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Define operational use cases

Reduce HBA intermodulation products zz
 Dithering to enforce ADC linearity I
110 to 170MHz to filter out DAB Ea.
How to use in large programs? g e
 TMSS observing strategies for large : :80
programs? ~90
« Calibration transfer from HBA to LBA? Y e
* Simultaneous LBA & HBA observing? _ %

 LBA antenna selection?
(include calibration antennas?)
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Test and improve COBALT functionality

| Transposed antenna field data in CPU memory | I Correlated subband data and beam data in CPL memory
w3

e

Tirre

Soreraging
ke 0.25-1 &

'
H
P
'
H
'
'
'
i
N
: T
, Tz plpeline steps and a data
i transpose in one GPU kermel
'
H
V
'

Data reorder (Transpose ar
(FFT) Shift) in a GPLI kernel

Fine: Dalay
Compensation

Bandpass

I iom
EaTra oo Correlatio

Fine Daelay
Compensatiomn

Bandpass
Correctiamn

Compube Time
Bet;:l"lﬂ::lrri:::nq FIR 16 FFT 16-64 Stokes Mveraging
1-227 beams (optional} {optional) | or 1QUY by 2-3x Coherant Stokes or

[opticnal) {optional)

Camplex voltages

Time

Campute Sum over

A T FIR 16 FFT 16-64 Averaging
IFFT 256 p Stokes H
(optional} {optional) 1 or LY {1 beam) by :'Z-Bx Incoherent !
[optianal) Stokes !

* Validate simultaneous pipelines * Improve signal processing
» Validate beam repointing * Mode for recording raw station data
» Validate spectral fidelity * TensorCore beamformer design
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What will change for you?

* Higher sensitivity for LBA observations with LBA_ALL

» Possibility of observing simultaneously with LBA and HBA
* More stable clocks and hence easier calibration

* Improved robustness against HBA intermodulation

* Future expansion to allow more station beams
* Improved quality control due to better monitoring
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What will change for you?

Higher sensitivity for LBA observations with LBA_ALL
Possibility of observing simultaneously with LBA and HBA
More stable clocks and hence easier calibration

Improved robustness against HBA intermodulation

Future expansion to allow more station beams
Improved quality control due to better monitoring

Thank you
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LOFAR2.0 hardware: receiver unit (RCU)
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What is changing in LOFAR2.0?

Current LOFAR:
Dutch stations:
« 2x48 digital inputs
(half LBA dipoles or all HBA tiles)
» Separate clocks at remote stations

LOFAR2.0:

Dutch stations:
» 3x(2x48) digital inputs
(all LBA dipoles and all HBA tiles)
» Single clock and frequency
distribution system (White Rabbit)
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LOFAR2.0 planning

Development LOFAR2.0 Upgrade timeline

Q2 2023 Q32023 Q42023 Q12024 Q22024 Q32024 Q4 2024 Q12025 Q22025 Q3 2025 Q4 2025

1 | [ 1 [ [
1 1 1 ’
PTS validation Rollout RS W

L 1 ]
1 1 1
B T

operations

TD rollout RS

e sssembly EIZTN

CEP 6 tender CEP 6 installation &

validation

TD validation

* ——
Commissioning
L2TS
* o * 2 ¢ >3 e
Phase 2 ARA AR-B
End of AR-C AR-D AR-E LOFAR2.0
R/0 phase 1 Cycle 20 R/O phase 2 Operations
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Near field image for CS0O01LBA with open cabinet doors
SB 384 (75.0 MHz), 2023-09-27 10:03
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LOFAR2.0 hardware: receiver unit (RCU)
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LOFAR2.0 hardware: subrack assembly
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Subband statistics (SST)
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Subband statistics (SST)
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All sky images

All-sky image for CS001LBA

SB300, 58.594 MHz, 2024-04-17T08:09:53
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All-sky image for CS001HBAO
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Beamlet statistics (BST)
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White Rabbit clock and frequency distribution

Already being rolled out to Dutch remote stations

RS503HBA
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LOFAR2.0 control software

B+ XD O » 8 C » Makdownv @O git StationControl (

~ Broken Antennas

# Set antenna quality
# See explanation at: htips://git.astron.nl/lofar2.@/tango/-/blob/master/tangostationcontrol/tangostationcontrol/devices/antennafiel
# OK = 0, SUSPICIOUS = 1, BROKEN = 2, BEYOND REPAIR = 3

# LBA
antenna_dict_Ll = {@: [],
1: [431,
2: 1,
3: [84, 89]}

# HBA@

antenna_dict_he = {e: [1,
I1,
[al,
[

[

# HBA1
antenna_dict_hl = {@: [1,

I1,

[19, 28, 22],

[}

[ =)

# Set antenna
for antennafield, antenna dict, field in zip([antennafield 1, antennafield ho, antennafield h1], [antenna dict 1, antenna_dict he, :
antenna_quality = np.zeros_like(antennafield.antenna_guality r)
nant = len(antenna_quality)
for idx in range(4):
for antenna in antenna_dict([idx]:
antenna qualitylantennal] = idx
print(field, np.arange(nant)[antenna_quality > @], antenna_quality)
antennafield.put property({"Antenna Quality": antenna_quality})
antennafield.0ff()
antennafield.Initialise()
antennafield.on()

1 3

LBA [438489] [0OPODOOO0DO0O000OOODO0ODOOD0NDOGOOOODOOODDD
0000001000 00000D000000D00DODOOD0000BO0DO00D0
PeOPPBOOOEO30DO030806006]

HBAO [8] [6 P00 EOOEOD20000000000000000000000066008020
6BOEPEOOOEANEONOEODERNOOOAEDOODDOND0ODOOODEA
D0OO0DPOOOOOOODOO0DOREOOOOOE]

HBAl1 [19 286 22] [P PO PP OODAEOOPAEEODEBD22020000000000860000
6000000 6OAOOPOOODPOOODOODPODOOOODOOD0DDOODOR

6000000 0eE00OO0000600]
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LOFAR2.0 monitoring

i Add

Home Jashboards

~ Station Input/Output
1PP... : ) Low Band output High Band (hbaO) output High Band (hbal) output

FFS ] s51 xsT BT ssT xsT BsT ssT xsT BsT

inpat reut NO NO NO NO NO NO NO NO NO

GOOD GOOD CLIENTS CLIENTS CLIENTS CLIENTS CLIENTS CLIENTS CLIENTS CLIENTS CLIENTS
= _

Clock input status history Replicator status history

INACTIVE
1 PPS Input land, ) INACTIVE
L 3 INACTIVE
; g ( INACTIVE
10 MHz Input g . INACTIVE
High Band (0), BS INACTIVE
INACTIVE
PLL Lock and (1) INACTIVE
| b nd (1), INACTIVE
00:00 03:00 09:00

18:00  00:00  06:0 15:00
= GOOD == LOCKED
~ Station Capabilities: Receiver Spectra, Correlator, Beamformer

Subband Statistics streaming to LCU? Crosslet Statistics streaming to LCU? Beamlet Statistics streaming to LCU?

statixstilba

Yes _Yes _Yes ‘_ Yes Yes _J Yes

Subband Statistics received by LCU? Crosslet Statistics received by LCU?

Yes y Yes p Yes

Beamlet Statistics received by LCU?

]

statfxst/lba

198 kB/s 198kB/s 759kBfs 27.3kB/s 27.3kB/s 328«kB/s 784 kB/s 7.84kBfs 7.84kB/s

d E |

Sign in

Station Beam Output Stream Status

STREAMING (1)

STREAMING (1) STREAMING (1)
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New and dropped functionality

SST HBAO | XX | HBA_110_190 at 2024-04-17T07:08:14 SST HBAO | YY | HBA_110_190 at 2024-04-17T07:08:14

New functionality:

* Single clock

« LBA ALL

* LBA and HBA simultaneous
* DAB filter

 Dithering

. . Frequency (MHz) Frequency (MHz)
* Meta data for statistics —:> —:>
* Improved linearity o e
SST HBAO | XX | HBA_110_190 at 2024-04-17T07:04:04 SST HBAO | YY | HBA_110_190 at 2024-04-17T07:04:04
a5 g -25

Power (dB)
~ LI)'| N

Dropped functionality:

* HBA JOINED antenna set
e 160MHz clock

* 16bit station data
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Antenna number

140 150 160 170 140 150 160 170
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—80 -80 =75
Power (dB) Power (dB)

ASTRON

Netherlands Institute for Radio Astronomy




Cas A, all core stations, calibrated

Cas A, all core stations, uncalibrated
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