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Scientific Rationale

Current radio surveys are challenging our detection and cataloging strategies
* large data size (PB/year)

0.04 mjy/beam 015

LOFAR Two Metre Sky Survey DR2
@150 MHz [LOTSS,Shimwell+22]
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Scientific Rationale

Current radio surveys are challenging our detection and cataloging strategies

* large data size (PB/year)

* time-consuming and computationally expensive data reduction and imaging procedures
* non-Gaussian noise and imaging artifacts
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Scientific Rationale

Current radio surveys are challenging our detection and cataloging strategies

* large data size (PB/year)

* time-consuming and computationally expensive data reduction and imaging procedures
* non-Gaussian noise and imaging artifacts

Millions of radio galaxies
[Aniyan&Thorat17,Lukic+18,
Mostert+21,Lao+23,
Riggi+23,Alegre+24,Gupta+24
Riggi+24,Slijepcevic+24]
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LOFAR Two Metre Sky Survey DR2
@150 MHz [LOTSS,Shimwell+22]
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Scientific Rationale

Current radio surveys are challenging our detection and cataloging strategies

* large data size (PB/year)

* time-consuming and computationally expensive data reduction and imaging procedures
* non-Gaussian noise and imaging artifacts

* rare sources with complex and irreqular morphology

Diffuse radio
sources in galaxy
clusters and cosmic
web filaments

0.04 mjy/beam 015

LOFAR Two Metre Sky Survey DR2
@150 MHz [LOTSS,Shimwell+22]
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Scientific Rationale

Current radio surveys are challenging our detection and cataloging strategies
* large data size (PB/year)
* time-consuming and computationally expensive data reduction and imaging procedures
* non-Gaussian noise and imaging artifacts
* rare sources with complex and irreqular morphology
— new strategies to minimize human intervention in data processing

| L, Square Kilometre Array, operational in 2030

0.04 mjy/beam 015

LOFAR Two Metre Sky Survey DR2
@150 MHz [LOTSS,Shimwell+22]
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Technical Objectives, Methodologies and Solutions

Objective: Developement and distribution of a machine leraning tool
for detection of diffuse emission in radio surveys

- U-Net architecture adopted perform fast segmentation of large datasets

Segmented
image

192 Contractive path | Expansive path 192¢

1
1
1
I
1
1
1
Level 1 down 1 Level 1up
96 1%32 + 2x64 ' 1X64 + 2X32
feature maps 1 feature maps
96 pixels each : 96 pixels each
128 128 i 2 =2
I
Level 2 down I Level 2 up
' 1x64 + 2x128 : [ 1x128 + 2x64
48 featuremaps [l ; feature maps 48°
48*pixels each 1 48’ pixels each
: 64 64
Level 3 down : Level 3 up
24 1x128 + 2x256 1 1%256 + 2x128
feature maps SN feature maps 4
24 pixels each ' 24* pixels each
I 128 128
512 512
Level 4 down : Level 4 up —_ 3x3 Convolution, ReLU
2 1x256 + 2x512 | | 1%512 + 2x256 | —» 3x3 Transp. Conv., ReLU
featflre maps WM 1 featuremaps | -  Softmax 12!
127 pixels each . 12*pixelseach | | 2x2 Max Pool
! 256 256 t 2x2 Upsample
Level 5 I 12 s Add
. 3x512 feature =
[ Radlo U NET maps ¥ 6

67 pixels each

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca



Finanziato inistero

dall'Unione europea ) ell’Universita
NextGenerationEU e della Ricerca

Technical Objectives, Methodologies and Solutions

Objective: Developement and distribution of a machine leraning tool
for detection of diffuse emission in radio surveys

- U-Net architecture adopted perform fast segmentation of large datasets
- Scalbility from CPU to GPU, run on Leonardo @CINECA
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Technical Objectives, Methodologies and Solutions

Objective: Developement and distribution of a machine leraning tool
for detection of diffuse emission in radio surveys

- U-Net architecture adopted perform fast segmentation of large datasets
- Scalbility from CPU to GPU, run on Leonardo @CINECA
- Self-supervised learning with trainig on comological simulations [Gheller&Vazza22]
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Technical Objectives, Methodologies and Solutions

Objective: Developement and distribution of a machine leraning tool
for detection of diffuse emission in radio surveys

- U-Net architecture adopted perform fast segmentation of large datasets

- Scalbility from CPU to GPU, run on Leonardo @CINECA

- Self-supervised learning with trainig on comological simulations

- Application and performance verification on LOFAR Two Metre Sky Survey data
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Technical Objectives, Methodologies and Solutions

Criticality: confusion with extended radio galaxies which are not present in
the simulation used for training
- possible solution: new simulations [Simulations by F. Vazza]

.
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Technical Objectives, Methodologies and Solutions

Criticality: confusion with extended radio galaxies which are not present in
the simulation used for training
- possible solution: new simulations

Addition: test of a modification of the U-Net including Tranformers

- better performances but still to be explored ondata ../ =
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Main Results

1 February 24 June 24
Start of my contract Elba science meeting M8

Performance (V)
verification
on LOFAR data

v
Explore fine- C\/) v
tuning and data Submit the
augmentation paper
to enhance (KPI)
performances
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Main Results

October 24 March 25 August 25
M9 M10

Paper published on MNRAS (KPI)
+ follow-up A&A letter, under review
Code on GitHub but private

S “_)) 1CSC-Astro-Cosmos-Observation

I

l :! ;l : 11 followers hitps:/ficsc-spoke3.inaf.it

Radio-U-Net
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October 24 March 25 August 25
MO Today M10

Paper published on MNRAS (KPI) (V)
+ follow-up A&A letter, under review
Code on GitHub but private 80%
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Final Steps

October 24 March 25 August 25
MO Today M10

Paper published on MNRAS (KPI) (V)
+ follow-up A&A letter, under review
Code on GitHub but private 80% v

Creation of a new simulation set,
training and test
(intermediate KPI)
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Final Steps

October 24 March 25 August 25
MO Today M10

Paper published on MNRAS (KPI) (V)
+ follow-up A&A letter, under review
Code on GitHub but private 80% v

Creation of a new simulation set,50%
training and test 20%
(intermediate KPI)
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Final Steps

October 24 March 25 August 25
MO Today M10

Paper published on MNRAS (KPI) (V)
+ follow-up A&A letter, under review
Code on GitHub but private 80% v

Creation of a new simulation set,50%]
training and test 20%
(intermediate KPI)

Application of the best network
to the LoTSS DR3 and submit paper

(KPI)
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Final Steps

October 24 March 25 August 25
MO Today M10

Paper published on MNRAS (KPI) (V)
+ follow-up A&A letter, under review
Code on GitHub but private 80% v

Creation of a new simulation set,50%]
training and test 20%
(intermediate KPI)

Application of the best network
to the LoTSS DR3 and submit paper

(KPI) 10%

Missione 4 ¢ Istruzione e Ricerca

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing



Finanziato Ministero

dall'Unione europea dell’'Universita
NextGenerationEU - e della Ricerca

Final Steps

December 25
M11(?)

Make the code publicy available.

TOTAL: 55%
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Final Steps

December 25
M11(?)

Make the code publicy available.

TOTAL: 55%
Thank you
for your attention!
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