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SoFiA
Source Finding Application



Cape Town, 02 / 02 / 2016 3-D Source Finding Challenges in the Era of “Big Data” 3

SoFiA

★ Source Finding Application
▶ Pipeline for source finding and parameterisation 

of H Ⅰ data cubes

★ SoFiA website
▶ https://github.com/SoFiA-Admin/SoFiA/

★ Programmers and contributors
▶ Paolo Serra (CSIRO) Benjamin Winkel (MPIfR)

Tobias Westmeier (ICRAR) Thijs van der Hulst (Groningen)

Nadine Giese (Groningen) Martin Meyer (ICRAR)

Russell Jurek (CSIRO) Bärbel Koribalski (CSIRO)

Lars Flöer (Bonn) Lister Staveley-Smith (ICRAR)

Attila Popping (ICRAR) Hélène Courtois (Lyon)

▶ Thank you to SoFiA users for their feedback

https://github.com/SoFiA-Admin/SoFiA/


Cape Town, 02 / 02 / 2016 3-D Source Finding Challenges in the Era of “Big Data” 4

SoFiA

★ Features of SoFiA
▶ Modern graphical user interface
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SoFiA

★ Features of SoFiA
▶ Modern graphical user interface

▶ Extensive user manual and tutorial

https://github.com/SoFiA-Admin/SoFiA/wiki/SoFiA-Tutorial
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SoFiA

★ Features of SoFiA
▶ Modern graphical user interface
▶ Extensive user manual and tutorial

▶ Multiple source finding algorithms
● Basic threshold finder
● Smooth + Clip finder (Serra et al. 2012)
● CNHI finder (Jurek 2012)
● 2D–1D wavelet finder (Flöer & Winkel 2012)

http://adsabs.harvard.edu/abs/2012PASA...29..296S
http://adsabs.harvard.edu/abs/2012PASA...29..251J
http://adsabs.harvard.edu/abs/2012PASA...29..244F
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SoFiA

★ Features of SoFiA
▶ Modern graphical user interface
▶ Extensive user manual and tutorial
▶ Multiple source finding algorithms

● Basic threshold finder
● Smooth + Clip finder (Serra et al. 2012)
● CNHI finder (Jurek 2012)
● 2D–1D wavelet finder (Flöer & Winkel 2012)

▶ Different mask optimisation algorithms

Mask optimisation

http://adsabs.harvard.edu/abs/2012PASA...29..296S
http://adsabs.harvard.edu/abs/2012PASA...29..251J
http://adsabs.harvard.edu/abs/2012PASA...29..244F
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SoFiA

★ Features of SoFiA
▶ Modern graphical user interface
▶ Extensive user manual and tutorial
▶ Multiple source finding algorithms

● Basic threshold finder
● Smooth + Clip finder (Serra et al. 2012)
● CNHI finder (Jurek 2012)
● 2D–1D wavelet finder (Flöer & Winkel 2012)

▶ Different mask optimisation algorithms

▶ Busy Function fitting (Westmeier et al. 2014)

Busy Function

http://adsabs.harvard.edu/abs/2012PASA...29..296S
http://adsabs.harvard.edu/abs/2012PASA...29..251J
http://adsabs.harvard.edu/abs/2012PASA...29..244F
http://adsabs.harvard.edu/abs/2014MNRAS.438.1176W
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Reliability calculation

SoFiA

★ Features of SoFiA
▶ Modern graphical user interface
▶ Extensive user manual and tutorial
▶ Multiple source finding algorithms

● Basic threshold finder
● Smooth + Clip finder (Serra et al. 2012)
● CNHI finder (Jurek 2012)
● 2D–1D wavelet finder (Flöer & Winkel 2012)

▶ Different mask optimisation algorithms
▶ Busy Function fitting (Westmeier et al. 2014)

▶ Reliability calculation / filtering (Serra et al. 2012)

http://adsabs.harvard.edu/abs/2012PASA...29..296S
http://adsabs.harvard.edu/abs/2012PASA...29..251J
http://adsabs.harvard.edu/abs/2012PASA...29..244F
http://adsabs.harvard.edu/abs/2014MNRAS.438.1176W
http://adsabs.harvard.edu/abs/2012PASA...29..296S
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SoFiA

★ Features of SoFiA
▶ Modern graphical user interface
▶ Extensive user manual and tutorial
▶ Multiple source finding algorithms

● Basic threshold finder
● Smooth + Clip finder (Serra et al. 2012)
● CNHI finder (Jurek 2012)
● 2D–1D wavelet finder (Flöer & Winkel 2012)

▶ Different mask optimisation algorithms
▶ Busy Function fitting (Westmeier et al. 2014)
▶ Reliability calculation / filtering (Serra et al. 2012)

▶ ASCII and VOTable output

http://adsabs.harvard.edu/abs/2012PASA...29..296S
http://adsabs.harvard.edu/abs/2012PASA...29..251J
http://adsabs.harvard.edu/abs/2012PASA...29..244F
http://adsabs.harvard.edu/abs/2014MNRAS.438.1176W
http://adsabs.harvard.edu/abs/2012PASA...29..296S
http://www.ivoa.net/documents/VOTable/
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SoFiA

★ Features of SoFiA
▶ Modern graphical user interface
▶ Extensive user manual and tutorial
▶ Multiple source finding algorithms

● Basic threshold finder
● Smooth + Clip finder (Serra et al. 2012)
● CNHI finder (Jurek 2012)
● 2D–1D wavelet finder (Flöer & Winkel 2012)

▶ Different mask optimisation algorithms
▶ Busy Function fitting (Westmeier et al. 2014)
▶ Reliability calculation / filtering (Serra et al. 2012)
▶ ASCII and VOTable output

▶ Wide range of output data products

http://adsabs.harvard.edu/abs/2012PASA...29..296S
http://adsabs.harvard.edu/abs/2012PASA...29..251J
http://adsabs.harvard.edu/abs/2012PASA...29..244F
http://adsabs.harvard.edu/abs/2014MNRAS.438.1176W
http://adsabs.harvard.edu/abs/2012PASA...29..296S
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Source Finding Example
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Source Finding Example

★ SoFiA test cube
▶ WSRT cube from                survey (Serra et al. 2012)

▶ Using S + C finder with 5σ threshold

SoFiA test data cube

http://cdsads.u-strasbg.fr/abs/2012MNRAS.422.1835S
http://www-astro.physics.ox.ac.uk/atlas3d/
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Source Finding Example

★ SoFiA test cube
▶ Problem: edge-on galaxy split into two sources

▶ Let’s use a lower threshold of 3σ…

SoFiA test data cube
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Source Finding Example

★ SoFiA test cube
▶ Problem: too many false detections

▶ Solution: reliability filtering

SoFiA test data cube
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Source Finding Example

★ SoFiA test cube
▶ All three galaxies detected above 90% reliability threshold

SoFiA test data cube
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Source Finding Example

★ SoFiA test cube
▶ Mask optimisation for accurate parameterisation

SoFiA test data cube
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Source Finding Example

★ SoFiA test cube
▶ Examples of SoFiA data products

SoFiA test data cube
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Era of “Big Data”
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Era of “Big Data”

★ WALLABY Stokes-I
data cubes
▶ ≈ 800 GB per field
▶ ≈ 1 PB for the survey
▶ ≈ 500,000 galaxies

★ Issues
▶ Time and memory 

limitations → parallel-
isation required

▶ Visual quality checks 
virtually impossible
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Era of “Big Data”

★ Improving reliability
▶ Assumptions:

● Genuine sources have positive flux

● Flux distribution of noise is symmetric about zero

▶ Compare density of pos. and neg. detections in 
parameter space → reliability of detections

▶ Serra et al. 2012, PASA, 29, 296

http://adsabs.harvard.edu/abs/2012PASA...29..296S
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Era of “Big Data”

★ Improving reliability
▶ Assumptions:

● Genuine sources have positive flux

● Flux distribution of noise is symmetric about zero

▶ Compare density of pos. and neg. detections in 
parameter space → reliability of detections

▶ Serra et al. 2012, PASA, 29, 296

http://adsabs.harvard.edu/abs/2012PASA...29..296S
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Era of “Big Data”

★ Improving reliability
▶ 3-D → 4-D parameter space

● Npix – Δz – SNRint – SNRpeak

detected galaxy
undetected galaxy
false detection
pos. / neg. noise

3-D

Nadine Giese
lo

g(
Δ

z)

log(Npix)

C: 064%
R: 100%

Δz > 9
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Era of “Big Data”

★ Improving reliability
▶ 3-D → 4-D parameter space

● Npix – Δz – SNRint – SNRpeak

Nadine Giese

detected galaxy
undetected galaxy
false detection
pos. / neg. noise

4-D

lo
g(

Δ
z)

log(Npix)

C: 075%
R: 100%

Δz > 9
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Era of “Big Data”

★ Improving reliability
▶ 3-D → 4-D parameter space

● Npix – Δz – SNRint – SNRpeak

▶ Improvement of filter used for 
smoothing in parameter space
● Narrower filter in Δz direction

Nadine Giese

detected galaxy
undetected galaxy
false detection
pos. / neg. noise

4-D + filter

lo
g(

Δ
z)

log(Npix)

C: 092%
R: 094%

Δz > 9

More at the 

next busy week…
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Era of “Big Data”

★ Parallelisation of SoFiA
▶ Limited memory → dissection of data into manageable chunks

▶ Limited time → speed-up of time-critical algorithms

~ 1 TB data cube

…

m nodes n cores

combined
source
database
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Era of “Big Data”

★ Dissection of cube
▶ Split into m sub-cubes with small overlap 

region around them:
● Avoid slicing through sources
● Buffer for filtering, e.g. smoothing

▶ Westerlund & Harris 2014, PASA, 31, 23

Westerlund & Harris (2014)

http://adsabs.harvard.edu/abs/2014PASA...31...23W
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Era of “Big Data”

★ Dissection of cube
▶ Split into m sub-cubes with small overlap 

region around them:
● Avoid slicing through sources
● Buffer for filtering, e.g. smoothing

▶ Westerlund & Harris 2014, PASA, 31, 23

Westerlund & Harris (2014)

http://adsabs.harvard.edu/abs/2014PASA...31...23W
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Era of “Big Data”

★ Parallelisation of time-critical algorithms
▶ CPU-based:

● OpenMP Compiler instructions
Easy to use; no Python support

● MPI Message-passing library
More complicated; available for Python

▶ GPU-based:
● CUDA Parallel computing platform

Based on C++; for Nvidia GPUs
● OpenCL Parallel programming standard

Based on C; for various devices

★ Speed-up of algorithms
▶ Optimisation of algorithms
▶ Conversion of Python modules to C / C++

http://openmp.org/
http://www.mpi-forum.org/
http://www.nvidia.com/object/cuda_home_new.html
https://www.khronos.org/opencl/
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Current Activities

★ Collaboration with Sarah Blyth and Michelle Kuttel (UCT)
▶ Parallelisation of SoFiA’s S+C finder module
▶ Honours project of Jarred de Beer

★ Source finding busy week
▶ 8 – 12 February 2016, ICRAR, Perth
▶ Main tasks: parallelisation and reliability

★ Volunteers welcome
▶ Algorithm optimisation and parallelisation
▶ Ideas for new techniques
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SoFiA Download and Information

★ For more information
▶ SoFiA website on GitHub:

● https://github.com/SoFiA-Admin/SoFiA/

▶ SoFiA tutorial:
● https://github.com/SoFiA-Admin/SoFiA/wiki/SoFiA-Tutorial

▶ SoFiA paper:
● Serra, Westmeier, Giese, et al., 2015, MNRAS, 448, 1922

▶ SoFiA mailing list:
● sofia-request@atnf.csiro.au with “subscribe” in the e-mail body 

(subject will be ignored)

https://github.com/SoFiA-Admin/SoFiA/
https://github.com/SoFiA-Admin/SoFiA/wiki/SoFiA-Tutorial
http://adsabs.harvard.edu/abs/2015MNRAS.448.1922S
mailto:sofia-request@atnf.csiro.au?subject=Please%20write%20%22subscribe%22%20in%20your%20e-mail%20body.
https://github.com/SoFiA-Admin/SoFiA/
http://adsabs.harvard.edu/abs/2015MNRAS.448.1922S

