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Some of the issues we found on SE607



LOFAR2 Monitoring & Control: Unified Observability Architecture

Using Grafana for monitoring and control:  what do we get ?

✓ Centralized visibility of system health and performance
✓ Real-time system monitoring for status information 
✓ Faster troubleshooting capabilities
✓ Automated alerting system 
✓ Improved operational efficiency 
✓ Better decision-making through historical trends 

especially for maintenance 
✓ Scalable and evolvable

❖ Monitoring with Grafana: collect and visualize metrics, logs, 
and status information to understand how the system is 
performing. 

❖ Control with Grafana: integrated dashboards with automation 
and external systems so that operators can initiate actions or 
workflows directly from a unified interface. 

❖ Grafana itself is not a control framework. Its primary role is 
visualization, monitoring, alerting, and observability. It had 
been integrated with control framework and automation 
systems (e.g.,RestApi & TANGO) to create the unified 
operations dashboards



System Overview: Seeing the Array at a Glance
Bird’s-Eye View Dashboard: 

✓ The dashboard offers a quick overview of the entire 
LOFAR2 array’s operational state using key indicators or 

icons.

✓ Status of stations and antennas: ST/RTSM info

✓ COBALT and CEP data streaming and usage

✓ UNIB2 software & firmware versions/issues

✓ Live statistics plots: SST, BST & XST

✓ Applies stations calibration files/info

✓ Station LCU uptimes and TANGO version info

✓ Overview of PCON/Modules

✓ Stations Cabinets temperature: EC

✓ And many more



System control: one web interface to control the system

What can we do ? With the right system rights, one can: 

❖ Toggle the status of stations
❖ Power up or down stations
❖ Start-up firmware

❖ Disable broken antennas/tiles
❖ Flag suspicious hardware
❖ Etc

LOFAR2.0 observing system: compared to LOFAR1

✓ Real-time System Health Monitoring

✓ Absolute visibility of the entire observing system at 

a glance

✓ Rapid Fault Diagnosis

✓ High Level of Automation
✓ Ease of stations and system control 

What does this Mean for Astronomy/Science, 
Operations & Maintenance: a huge win !!!

NB: Credit to Team Rub and the Operators for this work



Post-rollout 

procedures

Series of observations and diagnostic plots to 
verify system status after major changes in both 
hardware & software

Goal is to catch regressions and to ensure that major 
control points still work (e.g. pointing, filter changes, 
TMSS, COBALT, clocks)

• Initially performed after new stations were delivered 

• Now being performed more routinely as changes to 
software are more frequent 

• (Mostly) automated

Aida



• Short imaging observations on a calibrator (few SBs)

• Verify observation success (TMSS, data on CEP)
• Verify success of pre-processing pipeline 
• Verify success of ingest to LTA

Post-rollout Procedure Overview TMSS view



• Short imaging observations on a calibrator (few SBs)

• Verify observation success (TMSS, data on CEP)
• Verify success of pre-processing pipeline 
• Verify success of ingest to LTA 

• Short Fly’s Eye observations of a pulsar with all 
HBA/LBA filters to verify filter switching works and get 

an overview of single station data

Post-rollout Procedure Overview TMSS view



• Short imaging observations on a calibrator (few SBs)

• Verify observation success (TMSS, data on CEP)
• Verify success of pre-processing pipeline 
• Verify success of ingest to LTA 

• Short Fly’s Eye observations of a pulsar with all 
HBA/LBA filters to verify filter switching works and get 

an overview of single station data

• Imaging observations on a bright calibrator (1-min)

• Check the coherence between stations 
(MS inspection plots)

• absence of coherence could indicate 

clock, synchronization, pointing, 
calibration issues

Post-rollout Procedure Overview MS inspection plot



• Short imaging observations on a calibrator (few SBs)

• Verify observation success (TMSS, data on CEP)
• Verify success of pre-processing pipeline 
• Verify success of ingest to LTA 

• Short Fly’s Eye observations of a pulsar with all 
HBA/LBA filters to verify filter switching works and get 

an overview of single station data

• Imaging observations on a bright calibrator (1-min)

• Check the coherence between stations 
(MS inspection plots)

• absence of coherence could indicate 

clock, synchronization, pointing, 
calibration issues

• Check the status of statistics recording, beamlet 

statistics (BST) plots for quick views of
• filter changes
• RFI conditions

• temporal archive of station behaviour 

Post-rollout Procedure Overview MS inspection plot

BST plot



Post-rollout Procedure Overview

• Fly’s Eye (FE) observations of a pulsar 

• Run FE pipeline to measure and compare sensitivity of 
each station through pulsar SNR

• Beamform observations of a pulsar 
• Verify Pulp2 folding pipeline runs successfully 
• Check validity of beamformer 

• Verify the presence of astrophysical pulsar signals in 
data and pulsar SNR

• Upcoming: ingest verification

FE folding pipeline summary plot



Post-rollout Procedure Overview

• Fly’s Eye (FE) observations of a pulsar 

• Run FE pipeline to measure and compare sensitivity of 
each station through pulsar SNR

• Beamform observations of a pulsar 
• Verify Pulp2 folding pipeline runs successfully 
• Check validity of beamformer 

• Verify the presence of astrophysical pulsar signals in 
data and pulsar SNR

• Upcoming: ingest verification

• Procedure is actively being expanded and automated as more functionality becomes available

• Important inspection plots are currently automatically uploaded on Slack to allow quick assessment 
and troubleshooting by the development and commissioning teams

• In the future the procedure will ideally become part of standard operational workflow to be performed 

after major maintenance made on hardware and software

Outlook

FE folding pipeline summary plot



Transient 

buffer mode

Re-instating antenna data capture for nanosecond bursts

•

Sander

Cosmic ray illumination 

of Superterp

Lightning 3-D imaging, 

see Marten Lourens, 

Thursday 16:00



OBSERVATION





Transient Buffer Dump



A pulse in transient buffer data



An Intra-
Station 
Calibration
Update
David McKenna,

Cristina-Maria Cordun,

Cees Bassa, 

Michiel Brentjens



Background
We live in an imperfect world

Manufacturing tolerances
Cable delays aren’t fine enough to be 
precisely correct
European weather, flora and fauna 
have not been kind to the array

We aspire to correct for that
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Background
We live in an imperfect world
We aspire to correct for that

Take a perfect model
Corrupt it to represent our 
“expected” result for our telescope
Iteratively fit a correction factor until 
we reach some stopping criteria
Reach a per-antenna amplitude and 
phase/fitted delay solution

2



Background 
(LOFAR1)

LBA

24 hour dedicated observations
A-team sources

HBA

2-8 hour dedicated observations
Single point source

2



HBA 
Calibration

Point the analogue beam at Cas A
Simple gain/phase calibration

Single point source reference model
Hamaker antenna model corrections

Completes in less than 2 minutes

It just works†

† Most of the  time , issue s twice+  a day if  the Sun or Cygnus A pass through the sidelobes and at 

extremely low ele vations

6



HBA 
Calibration

Point the analogue beam at Cas A
Full Jones solve for stability, X/Y solutions applied

Single point source reference model
Hamaker antenna model corrections

Observing completes in less than 2 minutes

It just works

6



LBA 
Calibration

Passive data collection with LOFAR2.0 outputs
Full Jones solve for stability, X/Y solutions applied

Nside=32 Healpix map of diffuse 
galactic emission
Embedded element patterns 
corrections



LBA 
Calibration

Passive data collection with LOFAR2.0 outputs
Full Jones solve for stability, X/Y solutions applied

Nside=32 Healpix map of diffuse 
galactic emission
Embedded element patterns 
corrections



It Works!



… unless it doesn’t



… or infra falls over



Tables 
Deployed to 
Most of the 
Array

Cees deployed a set of tables to all available stations 
in November/December 2025
Kept constant while commissioning for AR-C and 
follow-up investigations are on-going
Daily calibration observations indicate minor 
variations in delays, or have picked up on bigger 
issues



Tables Deployed to Most of the Array

• Cees deployed a set of tables 
to all available stations in 
November/December 2025

• Kept constant while 
commissioning for AR-C and 
follow-up investigations are 
on-going

• Daily calibration observations 
indicate minor variations in 
delays, or have picked up on 
bigger issues



Improved TAB 
Performance?

~ 6 hours of observing attempts at obscure 
hours
4 attempts at manual per-station uploading of 
calibration tables
0 smooth executions

I’m sure this’ll appear at a LOFAR Forum 
whenever things are more stable.



Where To Next?

Getting broken automation fixed and missing functionality 
implemented for operations
Automatic visibility/sky based RFI flagging
Testing on the new LOFAR2.0 ILT stations

SE607LBA has shown us lessons from 
the core do not apply to their layout



Array calibration 

(delays)
Cristina, Maaijke, Henrik



• ± offset ± 2 π f Δt





SEFDs

Cristina

•SEFD = System Equivalent Flux Density

•How bright would a source need to be to 

match my telescope’s noise?

High SEFD Low SEFD



SEFDs

Cristina

LBA HBA



SEFDs

Cristina



SEFDs

Cristina



RFI situation 

then and now
Then

The RFI environment was characterized in the past and we aim to 
continue monitoring it into LOFAR2.0 operations

Aleksandar

RFI % - LBA RFI DAB - HBA low

RFI % - HBA high



RFI situation 

then and now
Now

The RFI characterization will be continuous.

Shown are a few sample short test observations

Aleksandar

RFI % - LBA

RFI % - HBA highRFI % - HBA low

Power (dB) - HBA low

We aim for a series of 

versioned reports allowing 
users to refer to the RFI 
properties at the time of 

publication.



LOFAR2 Core coherence tests — I

Vlad



























LOFAR2 
Pulsar pipelines

Vlad / Team Raphtor













Core-resolution 
uncalibrated 
movie

Flashback to last year….

ed euismod magna lacus, eget gravida enim egestas at.

•

• Lorem ipsum dolor sit amet, consectetur adipiscing elit.

• Aliquam molestie mauris eget urna aliquet malesuada.

• Phasellus egestas odio id tincidunt semper.

• Integer non ligula tempor, interdum lectus sed, cursus dui.

• Proin id sapien suscipit nunc iaculis pulvinar quis nec 

ligula.

Aenean sodales justo a tellus lobortis porta.

Noa

Flashback to 
last year

7 stations (CS002, CS003, CS004, CS005, CS006, CS007, CS032), 2 hrs, HBA 120-168 MHz, briggs -0.5

7 stations (CS002, CS003, CS004, CS005, CS006, CS007, CS032), 2 hrs, LBA 20-68 MHz, briggs -0.5



Dutch-resolution 
uncalibrated 
movie

Vestibulum lacinia magna ac eleifend porta. integer sodales elit id 
malesuada tincidunt. aliquam sem metus, iaculis nec sodales a, 
euismod vitae ipsum.

ed euismod magna lacus, eget gravida enim egestas at.

•

• Lorem ipsum dolor sit amet, consectetur adipiscing elit.

• Aliquam molestie mauris eget urna aliquet malesuada.

• Phasellus egestas odio id tincidunt semper.

• Integer non ligula tempor, interdum lectus sed, cursus dui.

• Proin id sapien suscipit nunc iaculis pulvinar quis nec 

ligula.

Aenean sodales justo a tellus lobortis porta.

32 stations (23CS & 9RS), 6 hrs, LBA 15-70 MHz, briggs -0.5

32 stations (23CS & 9RS), 6 hrs, HBA 120-160 MHz, briggs -0.5



LOFAR2.0 first images

First HBA & LBA images

HBA

o M33

o CIZA J2242.8+5301

LBA

o M51

o ELAIS-N1

Noa & Henrik



LOFAR2.0 first 
images HBA – M33

Vestibulum lacinia magna ac eleifend porta. integer sodales elit id 
malesuada tincidunt. aliquam sem metus, iaculis nec sodales a, 
euismod vitae ipsum.

ed euismod magna lacus, eget gravida enim egestas at.

•

• Lorem ipsum dolor sit amet, consectetur adipiscing elit.

• Aliquam molestie mauris eget urna aliquet malesuada.

• Phasellus egestas odio id tincidunt semper.

• Integer non ligula tempor, interdum lectus sed, cursus dui.

• Proin id sapien suscipit nunc iaculis pulvinar quis nec 

ligula.

Aenean sodales justo a tellus lobortis porta.

Credit: Aida Ahmadi

LINC-calibrated w/ 3C48 
no demix,
HBA 115-175 MHz, 
4h, 
23CS + 8RS,
Gaussian taper 40asec,
Restoring beam = 60" X 46.3”,  
RMS (offsource) ~570 uJy/beam, 
SNR ~ 250



LOFAR2.0 first 
images HBA -  CIZA 
J2242.8+5301

Vestibulum lacinia magna ac eleifend porta. integer sodales elit id 
malesuada tincidunt. aliquam sem metus, iaculis nec sodales a, 
euismod vitae ipsum.

ed euismod magna lacus, eget gravida enim egestas at.

•

• Lorem ipsum dolor sit amet, consectetur adipiscing elit.

• Aliquam molestie mauris eget urna aliquet malesuada.

• Phasellus egestas odio id tincidunt semper.

• Integer non ligula tempor, interdum lectus sed, cursus dui.

• Proin id sapien suscipit nunc iaculis pulvinar quis nec 

ligula.

Aenean sodales justo a tellus lobortis porta.

RAPTHOR-calibrated w/ 3C196 
demixed CasA + CygA
HBA 102-198 MHz, 
1h, 
23CS + 8RS (less survived),
Restoring beam =41" X 8",  
RMS ~ 326 uJy/beam, 
SNR ~ 200



LOFAR 2.0 LBA 
Imaging Sensitivity

Henrik

LOFAR 1 vs LOFAR 2 

• ELAIS-N1 field

• 6h observation

• 32 MHz of bandwidth

• Fully LiLF DD-calibrated

Match stations of LOFAR1 and LOFAR2 observation



2°

ELAIS-N1

LOFAR 1 (30 stations)

3.5 mJybeam-1

44’’ⅹ25’’

Credits: Jort Boxelaar, see talk tomorrow 

for full 120 hours!



2°

ELAIS-N1

LOFAR 1 (30 stations)

3.5 mJybeam-1

44’’ⅹ25’’



2°

ELAIS-N1

LOFAR 2 (30 stations)

1.5 mJybeam-1

44’’ⅹ25’’



M51

LoLSS (37 stations)

8 hours

3.2 mJybeam-1

44’’ⅹ24’’ (convolved to match)

LOFAR 2 (31 stations)

2 hours

3.8 mJybeam-1

44’’ⅹ24’’ 

LOFAR 2.0 Low-band imaging of M51

Manu & Henrik



LoLSS (37 stations)

8 hours

1.7 mJybeam-1

15’’

LOFAR 2 (31 stations)

2 hours

3.8 mJybeam-1

44’’ⅹ24’’ 

LOFAR 2.0 Low-band imaging of M51

Manu & Henrik
Few weeks away!



Thanks!
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