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* Source Finding Application u S ;
oF1A

» Pipeline for source finding and parameterisation e e
Source Finding Application
of HI1 data cubes

* SoFiA website
» https://github.com/SoFiA-Admin/SoFiA/

* Programmers and contributors

» Paolo Serra Benjamin Winkel
Tobias Westmeier Thijs van der Hulst
Nadine Giese Martin Meyer
Russell Jurek Barbel Koribalski
Lars Floer Lister Staveley-Smith
Attila Popping Hélene Courtois

» Thank you to SoFiA users for their feedback
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. K .
» Features of SoFiA L o 3 SoFiA

Pipeline Messages Source Finding Application

» Modern graphical user interface

SoFiA can automatically estimate the reliability of individual sources and discard unreliable
sources in cerkain circumstances, using the method introduced by Serra, Jurek & Flaer 2),
The method works by not only detecting and parameterising sources with positive flux, but also
‘pseudo-sources’ with negative Flux. Under the assumption that all negative sources are

0% artefacts (e.g. noise peaks), one can then estimate the reliability of positive sources by
comparing the regions of parameter space occupied by positive and negative sources. Simply
speaking, a positive source located in a region of parameter space that is occupied by numerous
Input Input Filter Source Finding Merging Parametrisation Outpu negative sources is less likely to be genuine than & positive source located in a region of
parameter space that is free of negative detections.

E5 Smosth + clip Finder In order For the reliability calculation to work and be accurate, a Few conditions have to me met.
%| Enable Firstly, all noise and artefacts in the data cube must be centred on zero such that both positive
and negative artefacts exist at a ratio of approximately 1:1. Secondly, all genuine sources in the
data cube must have positive Flux (e.g., no absorption signals). Finally, Ehe threshold of the source
Threshold: Kernels: | [[0,0,0,'b'L,[0,| | Finder must be set to a Fairly low value to ensure that a substantial number of negative (and
§ 8,'0'L[0, 0,16,' | positive) noise peaks and artefacts get detected. This is to ensure that the density of negative
= detections in parameter space is sufficiently high ta be accurately messured.

RMS mode: | Gaussian fit to negative fluxes | v Several aspects of reliability calculation can be controlled by the user, including the smoothing

Kernelunits: [ Pixels - kernelto be used in logarithmic parameter space (reliability.kernel) and the reliability
. threshold (reliability. threshold) to be used to discard all sources whose reliability is below
that thresheld,

[ZEETT stcps.doReliabilit
CNHI Finder C o

true, false

—
hine the reliability of each
4] Previous B B v

Xg Yg Zg ¥m Zm Xmin | Xmax | Ymin | Ymax
(pix) (pix) (chan) i (pix) (chan) (pix) (pix) (pix) (pix)

142,903 96.808 61.258 2.932 96.913 60.83 136 151 104

Threshold Finder

169.434 22.492 40.238 22463 40.244 173 26
29.457 63.958 66.991 63.802 70.576 39 71
156.364 69.925 54,325 69.87 54.485 161 75 3 E
27.509 131.5 75.059 27.62 131.248 80.683 38
€ Close
B83.28 103.441 55373 .. 103.432 55.361 87
125381 105.043 45716 104,994 45.663 129
42,637 110.573 68.895 110612 68.821 46

descending € Reload

alo|~]o[uv][s]w]n]=
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* Features of SoFiA
» Modern graphical user interface

» Extensive user manual and tutorial

Cape Town, 02/02/2016

SoFiA Tutorial — 3 Basic Source Finding Run

SoFIA edited this page on 7 Dec 2015 - 24 revisions

'3 SoFiA

Source Finding Application

3 Setting up a basic source finding run

This section Illustrates how to run SoFIA on the H | data cube provided for testing purposes on the
SoFIA wiki at https:/github.com/SoFIA-Admin/SoFIA/WIKI/SoFIA-Test-Data-Set. The settings for this
example are provided In the file SoFis Tutorial Section 3 S+c.par Which can be directly loaded

Into SoFIA by selecting “Open...” from the “Flle” entry In the menu. Alternatively, all parameters can
be set manually by following the Instructions below.

Note

In order to get more Information about a particular parameter setting, you 95 Help

can first click on the “What's this?” Icon In the tool bar (or the 3 m
corresponding ltem In the help on of the menu bar) and then on the s mienlip
corresponding Item In the help on of the menu bar) and then on the Punars ThisT]

corresponding field or button. This should open a tool tip with some

baslc Information about the parameter and Its possible values.

3.1 Selecting the input data cube

Navigate to the first tab (“Input”). In the “Input Data Products” section click on the “Select...” button
next to the “Data cube” field. This will open a file selection window In which you can select and
open the Input data cube named sofiatestcube. fits . The full path of the daia cube should now
appear In the text field, as shown below In Fig. 2. In addition, the small Icon next to the sectlon
heading should have turned from red to green, Indicating that an Input data cube has been
speclfied.

Input | Input Filter | Source Finding | Merging | Parameterisation | OutputFilter | Output

[ Inpuk Data Products
Files and sektings
Data cube: | /home/SoFiA_Test/sofiatestcube Fits L3 select...

k cube: L3 salact
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* Features of SoFiA '3 SoFiA

Source Finding Application

» Modern graphical user interface

» Extensive user manual and tutorial

» Multiple source finding algorithms

e Basic threshold finder

e Smooth + Clip finder (Serra et al. 2012)
CNHI finder (Jurek 2012)
2D-1D wavelet finder (Floer & Winkel 2012)
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* Features of SoFiA '3 SoFiA

Source Finding Application

» Modern graphical user interface

» Extensive user manual and tutorial Mask optimisation

» Multiple source finding algorithms

Basic threshold finder

Smooth + Clip finder (Serra et al. 2012)
CNHI finder (Jurek 2012)

2D-1D wavelet finder (Floer & Winkel 2012)

Different mask optimisation algorithms

Declination

Source 1

Source 2

Right Ascension
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» Features of SoFiA '3 SoFiA

Source Finding Application

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 (Floer & Winkel 2012)

Different mask optimisation algorithms

Brightness

Busy Function fitting (Westmeier et al. 2014)

Spectral Channel
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* Features of SoFiA

Modern graphical user interface

Extensive user manual and tutorial

Multiple source finding algorithms

e Basic threshold finder

e Smooth + Clip finder (Serra et al. 2012)
o

o

CNHI finder (Jurek 2012)
2D-1D wavelet finder (Floer & Winkel 2012)

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

Reliability calculation/filtering (Serra et al. 2012)

log SNRmax

'3 SoFiA

Source Finding Application

| Reliability calculation

® ‘?_.00 2
. ag. @9 oa o
omu?n %‘5 cga :

1.5 2.0 2.5 3.0 3.5 4.0
log NRvox
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* Features of SoFiA '3 SoFiA

Source Finding Application

Modern graphical user interface

Extensive user manual and tutorial Window Columns Display lcp
. T . + % i) 8 x
MUltlple SOU rce flndlng algorlth ms Table Columns for 1: sofiatestcube_cat.xml

e Basic threshold finder
e Smooth + Clip finder (Serra et al. 2012)
o

Visible $1D Class Units Description Datatype
L] Long Table row index

Float - meta.id float
Float - float
Float pix pos.cartesian.x float
Float pix pos.cartesian.x float
Float chan pos.cartesian.x float
Float pix pos.cartesian.x float
Float pix pos.cartesian.y float
Float chan pos.cartesian.z float
Float pix pos.cartesian.x:stat.min float
Float pix pos.cartesiansgstat.max | float
Float pix pos.cartesian.y;stat.min float
Float pix pos.cartesian.y;stat.max | float
Float chan pos.cartesian.z;stat. min float
Float chan pos.cartesian.zistat. max | float
Float - meta.number;instr.pixel float
Float - stat.probability float
Float pix phys. angSize float
Float pix phys.angSize float
Float deg pos.posAng float
Float JY/BEAM phot. flux float
Float JY/BEAM phot.flux densityistat.max | float
Float JY/BEAM phot. flux float
Float JY¥/BEAM instr.det. noise float
Float chan spect.line.width float
Float chan spect.line.width float
Float chan spect.line.width float
Float deg pos.eq.ra float
Float deg pos.eq.dec float
Float mjs float
String | - meta.id char

[ RN =) (V0 = 9 [ o )

CNHI finder (Jurek 2012)
e 2D-1D wavelet finder (Floer & Winkel 2012)

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

ASCIl and VOTable output

R T e e e 5 ) T ) e et | e e e R R (R =
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* Features of SoFiA '3 SoFiA

Source Finding Application

Modern graphical user interface

Extensive user manual and tutorial

[ Outpuk Data Products

Multiple source finding algorithms

Basic threshold finder
Smooth + Clip finder (Serra et al. 2012) T T
CNHI finder (Jurek 2012) Data products: [ | Filtered cube

Compression: Enable

2D-1D wavelet finder (Floer & Winkel 2012) Overwrice Fes: 3 Ensble
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

Files and setkings
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Source Finding Example
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Finding Example

* SoFiA test cube
» WSRT cube from AILAS survey (Serra et al. 2012)
» Using S + C finder with 50 threshold

Inpuk Input Filker Source Finding IMerging Parameterisation Qutput Filker Oukput |

|*4 Smooth * Clip Finder

® Enable

Threshold: | 5.0 Kernels: | [[0,0,0,'b,[0,0,3,'b7[0,0, 7,'b[ 0,0,
, 156003, 3,0,6%(3,3,3,bL[3, 3, 7,b L[ 3,
Edge mode: ||Ca g 3,15,6706, 6,066, 6, 3,b[6,6, 7, b1

6,6, 150"
RIMS mode; | Gaussian it ko negative Fluxes |+ 1 615,07]]

Kernel units: | Pixels hd

¥_geo y_geo Z_geo x y z x_min | x_max | y_min
(pix) (pix) (chan) (pix) (pix) (chan) (pix) | (pix) | (pix)

113.536|  174.377  23.092| 113.408| 174.465 23174 110 118 167
91.654 104.72| 38.188 93.419)  103.812| 39.422 69 2 SoFiA test data cube

114.692 20.742 32.854 114151 20.91 31.897 110

134.263 18.573 79.896 13518 18.265 81.044 129

Sork by | id descending € Reload

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


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

Source Finding Example

* SoFiA test cube

» Problem: edge-on galaxy split into two sources

+62°10"

Declination (J2000)
o
o

—_
o
o
o
o
s

—

=}
o
=
@
=l
=]
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3]
o
(=]

i
[=2]
[4¥]

o
=}
=1

IZI\O"im ]2“03““ 1I3h02m 12|‘.0]ll\1 : letuof}m SOFiA test data Cube
Right Ascensien (J2000)

12P04™  12Po3™  12ho2™  12P01™  12MoQ™
Right Ascension (J2000)

» Let’s use a lower threshold of 30...
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Source Finding Example

* SoFiA test cube

» Problem: too many false detections

o
o

o
o

=
~

1zhga™  1ghpam  ghgem  (phgym  1ghgg™ SoFiA test data cube

Right Ascension (J2000)

» Solution: reliability filtering
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Source Finding Example

* SoFiA test cube
» All three galaxies detected above 90% reliability threshold

Z_max ell_maj ell_min ell_pa
(chan) (pix) (pix) (deg)

2% 18.8552 6.3744 84,3352

63 21.3729 15.8734 31.6328

38 2 7.5632 5.5275 165136

12000)

57 29334 2.0033 47.9229
94 : 38123 1.2081 56.3058
8 0.846014 3.0517 1.3232 129.816

53 0.830608 3.7634 58.026

=
o

—
R 0.8173 5.2782 42 36.3286

0.774734 4.4023 115.779
0.760476 23143 118.461
0.759669 4.5809 160.906

0.678576 6.2555 2. 169.203 SOFIA test data cube
0.634916 24558 146,367

izhoa™  12hoz™  12Ppa™
Hight Ascension {J2000)

0.560401 2.5135 118,946

0.554371 2,45 ?4.0?88@
Lzl ()

Sert by | rel * | [® descending e Reload © Close

a2l =2]2]le|la|l~]eo|lu]les|lw]|n]-
n|lalw|lm]l=|e
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Finding Example

* SoFiA test cube

» Mask optimisation for accurate parameterisation

s A | s

*

Declination (J2000)

—
o
o
o
o
—
~
g
Q
—
S5
[}
=i
f=
=
(9]
a

+62°00'

- | .

PR A T VA R R T S A T SR N g ] ] -
L L L e L T P T SoFiA test data cube

Right Ascension (J2000) Right Ascension (J2000)
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* SoFiA test cube
» Examples of SoFiA data products

Dec (J2000)

Source Finding Example

o w o
1110.3 km/s® .2
& \

a3

Dec (J2000)

12340 kmss'

g
13577 km/s
T 3

L1481 3 ks
-

8 ©
-]

=y
1605.0 km/s,
— >

Dec (12000)

1234.0 km/s.

14

@

13577 km/s

4

°

1481 3 km/s

3

1605.0 km/s

180.8%  180.6° 1804°

RA (J2000)

180.2°

180.8°  180.6%

RA (J2000)

180.4°

180.2°

180.6°
RA (12000)

180.8°

180 4%

180.7°  1R0.6°

180.5%

RA (J2000)

180.4°
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180.7%

1806° 180,57
RA (J2000)

180.4°

180.2°

180.8%  180.6° 180.4°

RA (J2000)

180.27

180.6° 1804°
RA (12000)

180.8°

180.2°

velocity (km/s)

SoFiA test data cube

-0.1 -0.05

0 0.05

offset (deg)

1200 1300
velocity (km/s)

1000 1100 1400
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Era of "Big Data”
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Era of “Big Data”
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Era of "Big Data”

* Improving reliability

» Assumptions:

=

® Genuine SOUICeS have positive flux

log SNRmax
=
o

e
©

* Flux distribution of NOIS€ is symmetric about zero

@
o

M . . * a?;c U"‘:; L
» Compare density of pos. and neg. detections in .m“’i“«z 24
parameter space — reliability of detections S —

» Serra et al. 2012, PASA, 29, 296 g e

o
»
T

log SNRmax

I N -

[8s] N sy T
T T T

o
[=3]
T

p!;:&&*’ﬂ w°

15 20 2.5 30 35 4.0
log SNRsum

o
™
T
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Era of "Big Data”

* Improving reliability

ell_maj ell_min ell_pa

» Assumptions: G | "ot | (e

18.8552 6.3744 84,3352

21.3729 15.8734 31.6328

® Genuine SOUICeS have positive flux

7.5632 55275 165136

. . . ° . . 0.882118 29334 2.0033 47.9229
® Flux distribution of NOISE is symmetric about zero aof smz|  vaom| seavss|

0.846014 3.0517 1.3232 129.816

0.830608 37634 1.7965 5B8.026

» Compare density of pos. and neg. detections in
parameter space — reliability of detections

» Serra et al. 2012, PASA, 29, 296

0.8173 52782 2.4251 36.3286

0774734 4.4023 1.4041 115.779

0.760476 23143 1.9623 118.461

0.759669 4,5809 2.7959 160.906

0.678576 6.2555 2.4472 169.203

0.634916 24558 2.0636 146.367

0.560401 2,5135 1.6798 118.946

0.554371 2,45 21176 ?4.0?88@

[ ] (I

+B2° 107 Sort by | rel v | [% descending € Reload €3 Close

alalajalalalalo|lo|l~w]la|lwvw|laea]jlw]m] =
i | lw|m]=|e

=
P

Declination (J2000)

Declination (J2000)

12hpa™  g2hpam™  gzhpe™ (etp™ 12500™ 12f04™  12Rpa™ 12hoe™  12Fp1™  gzhoo™

Right Ascension (J2000) Right Ascension (J2000)
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Era of "Big Data”

* Improving reliability

detected galaxy
» 3-D — 4-D parameter space undetected galaxy

L Npix - Az - SNRint - SNRpeak _ false detection

pos./ neg. noise

+ 3-D
C: 64% . .
R: 100% R R

:. : L L]
RO N

e o o oo e ammpe coeg’p ¢ o o [
® 006 co ey ymEpmmOmog’Eexy oo o©

6 © 0 NCEENDCOMBED B V@ o

o0 cosie e wanmem o oo

e ¢ o ooooocscoommen o eo o

¢ & & & 000 0ooosoos pumnnanctd @

Nadine Giese |

'II.5 2I.0 I 3I.0 315
log(Npix)
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Era of "Big Data”

* Improving reliability

detected galaxy
» 3-D — 4-D parameter space undetected galaxy

L Npix - Az - SNRint - SNRpeak i false detection

pos./ neg. noise

4 4D
C: 75%
R: 100%

0 0 © 00 e ewmme w@es’p ¢ 00 o [
e  ooo oo ey EmEmOmONmRF 00 O

f  © ¢ CONMERTOMDED OO TP ©

o0 sosem wemmm o oo

e ¢ o o oooVocscoommen o eo o

e o o oo oooVoooooy pmmenoss oo

Nadine Giese |

2I.0 I 3I.0 3I.5
log(Npix)
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Era of "Big Data”

* Improving reliability - .

detected galaxy
» 3-D — 4-D parameter space undetected galaxy

L Npix - Az - SNRint - SNRpeak false detection

pos./ neg. noise

» Improvement of filter used for

smoothing in parameter space 4 4-D +filter
e Narrower filter in Az direction C: 92%

R 94% L
o

oo oooo-n---o-quc coa ¥ B

e “o0o oo ey pummanmoeton’wesll o0 o
e o o cweomifcomsie so Yim o

oo o Tlices @0 so o asoe °

oo osoeeiyom monme o o

e o o oooceVoscosssmman o o0 o

e o o o oVeoVessss'pmiliomdd oo

Nadine Giese |

W e onoasmaha

0.5 1.0 ; 2.0 '. 3.0 3.5

log(Npix)
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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
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Era of "Big Data”

oy -

* Dissection of cube

» Split into m sub-cubes with small overlap

= .
region around them:
e Avoid slicing through sources . !
e Buffer for filtering, e.g. smoothing ———=& & .

» Westerlund & Harris 2014, PASA, 31, 23 . m D
3

Westerlund & Harris (2014)
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http://adsabs.harvard.edu/abs/2014PASA...31...23W

Era of "Big Data”

Westerlund & Harris (2014)
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e Avoid slicing through sources
e Buffer for filtering, e.g. smoothing

» Westerlund & Harris 2014, PASA, 31, 23
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Era of "Big Data”

* Parallelisation of time-critical algorithms
» CPU-based:

e OpenMP Compiler instructions

e MPI Message-passing library

» GPU-based:
e CUDA Parallel computing platform

e OpenCL Parallel programming standard

* Speed-up of algorithms

» Optimisation of algorithms

» Conversion of Python modules to C/C++
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http://openmp.org/
http://www.mpi-forum.org/
http://www.nvidia.com/object/cuda_home_new.html
https://www.khronos.org/opencl/

cRAR 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

» ldeas for new techniques A% L\
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icRAR SoFiA Download and Information

GitHub s eposeor

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)
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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

