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Motivation

★ Future H Ⅰ surveys:
▶ Wallaby, Dingo, Wnshs, etc.
▶ Large number of galaxies.

★ Parametrisation of galaxies:
▶ Accurate.
▶ Automated.

Dingo (Canis lupus). (Credit: Sam Fraser-
Smith)

Bennett’s Wallaby (Macropus rufo­
griseus). (Credit: J. J. Harrison)

Runva® HWE15000 
industrial winch
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Motivation

★ Future H Ⅰ surveys:
▶ Wallaby, Dingo, Wnshs, etc.
▶ Large number of galaxies.

★ Parametrisation of galaxies:
▶ Accurate.
▶ Automated.

★ Most galaxies barely resolved:
▶ 95% less than 3 beams across. (Duffy et al. 2012)

▶ Parametrisation of integrated H Ⅰ spectrum sufficient.

Duffy et al. (2012)

3 beams
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Motivation

★ Integrated H Ⅰ spectra:
▶ Characteristic double-horn profile.
▶ Line centroid: f₀
▶ Line width: w₅₀, w₂₀, …
▶ Peak flux density: Speak

▶ Integrated flux: Sint

★ Direct parametrisation suffers from large 
statistical and systematic errors.

★ Better: fitting of analytic model to spectrum.
▶ Less sensitive to individual noise peaks.
▶ Covariance matrix of fit to derive uncertainties of parameters.

w₅₀

f₀

Speak

Sint
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The Busy Function
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The Busy Function

★ Error function:
▶ f (x) = erf(x)
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The Busy Function

★ Error function:
▶ f (x) = erf(x)

★ Modifications:
▶ f (x) = erf(bx)
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The Busy Function

★ Error function:
▶ f (x) = erf(x)

★ Modifications:
▶ f (x) = erf(bx)
▶ f (x) = erf(b [w + x])
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The Busy Function

★ Error function:
▶ f (x) = erf(x)

★ Modifications:
▶ f (x) = erf(bx)
▶ f (x) = erf(b [w + x])
▶ f (x) = erf(b [w + x]) + 1
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The Busy Function

★ Error function:
▶ f (x) = erf(x)

★ Modifications:
▶ f (x) = erf(bx)
▶ f (x) = erf(b [w + x])
▶ f (x) = {erf(b [w + x]) + 1}

× {erf(b [w − x]) + 1}
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The Busy Function

★ Polynomial:
▶ f (x) = x ²
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The Busy Function

★ Polynomial:
▶ f (x) = x ²

★ Modifications:
▶ f (x) = cx n + d
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The Busy Function

★ Error functions:
▶ f (x) = {erf(b [w + x]) + 1} 

× {erf(b [w − x]) + 1} × a

★ Polynomial:
▶ g (x) = cx n + d
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The Busy Function

★ Error functions:
▶ f (x) = {erf(b [w + x]) + 1} 

× {erf(b [w − x]) + 1} × a

★ Polynomial:
▶ g (x) = cx n + d

★ Combination:
▶ B (x) = f (x) × g (x)
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The Busy Function

★ Error functions:
▶ f (x) = {erf(b [w + x]) + 1} 

× {erf(b [w − x]) + 1} × a

★ Polynomial:
▶ g (x) = cx n + d

★ Combination:
▶ B (x) = f (x) × g (x)

Busy Function, B (x)
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The Busy Function

★ General form of the Busy Function:

▶ B (x) = [a / 4] × [erf (b1 {w + x − xe}) + 1] × [erf (b2 {w − x + xe}) + 1] × [c |x − xp|n + 1]

★ Maximum of 8 free parameters:
▶ a scaling factor
▶ b₁, b₂ steepness of line flanks
▶ w half-width of profile
▶ xe, xp centroid of error functions / polynomial
▶ c scaling factor of polynomial trough
▶ n order of polynomial

aw

b₁ b₂
c

xe /xp

n
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The Busy Function

★ Properties of the Busy Function:
▶ Very versatile; can mimic various shapes:

● Double-peaked
● Flat-topped
● Gaussian
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The Busy Function
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Applications of the
Busy Function
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Applications of the Busy Function

★ Parametrisation of galaxies in large surveys
▶ Advantage of fitting over ‘direct’ parametrisation:

● Less sensitive to noise peaks → more accurate for spectra of low S / N.
● Covariance matrix → calculation of statistical uncertainties.
● Decomposition of confused sources possible.
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Applications of the Busy Function

★ Parametrisation of galaxies in large surveys
▶ Advantage of fitting over ‘direct’ parametrisation:

● Less sensitive to noise peaks → more accurate for spectra of low S / N.
● Covariance matrix → calculation of statistical uncertainties.
● Decomposition of confused sources possible.

★ Generation of mock profiles
▶ Potential use:

● Simulations / mock data cubes.
● Filters for matched filtering techniques in source finding.

★ Applications beyond H Ⅰ emission
▶ H Ⅰ stacking and absorption
▶ CO spectra

Allison et al. (2013)
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Applications of the Busy Function

A B C

★ Systematic testing on model spectra
▶ Generation via Busy Function models.
▶ Three scenarios:

● A: single, asymmetric profile
● B: asymmetric double-horn profile
● C: broad, symmetric double-horn profile

▶ 1 000 iterations with Gaussian noise added.
● Galaxy parameters (w₅₀, w₂₀, Fint, etc.) derived numerically from BF parameters.
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Applications of the Busy Function

★ A: single, asym-
metric profile

x₀ (chan.) w₅₀ (%) w₂₀ (%)

Fpeak (σ) Fint (%)

Fpeak = 3.3 σ
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Applications of the Busy Function

★ B: asymmetric 
double-horn profile

x₀ (chan.) w₅₀ (%) w₂₀ (%)

Fpeak (σ) Fint (%)

Fpeak = 4.3 σ
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Applications of the Busy Function

★ C: broad, symmetric 
double-horn profile

x₀ (chan.) w₅₀ (%) w₂₀ (%)

Fpeak (σ) Fint (%)

Fpeak = 2.6 σ
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Applications of the Busy Function

★ Example: Hipass Bright Galaxy Catalogue 
(Koribalski et al. 2004)

▶ Automated fitting of all 1000 BGC 
sources.

▶ Basic parametrisation based on fit.
● Parameters: v0, w50, w20, Speak, Sint.

Sint Speak

w50 w20

HIPASS J1324−42
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Applications of the Busy Function

★ Example: Hipass Bright Galaxy Catalogue 
(Koribalski et al. 2004)

▶ Strategies:
● “Direct” vs. Busy Function parametrisation.
● Different S / N: original, 5, and 3.

★ Conclusions:
▶ Generally accurate recovery of galaxy 

parameters from Busy Function fit.
▶ Busy Function much more accurate than 

‘direct’ method for low S / N.
▶ No difference for bright sources 

(→ special case of peak flux).
▶ No difference for integrated flux.
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Calculation of
Uncertainties
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Calculation of Uncertainties

★ Linear propagation of covariance matrix
▶ Assumptions:

● Parameter vector, p ⃗, and covariance matrix, Cp ⃗, 
from Busy Function fit.

● Derived parameters given by differentiable 
function, q ⃗ = f ⃗(p ⃗).

▶ Jacobian matrix of f ⃗(p ⃗):
● Jij  ≡  ∂fj / ∂pi  ≈  [fj (p ⃗ + εi êi) − fj (p ⃗)] / εi

▶ Error propagation law:
● Cq ⃗  =  J ∙ Cp ⃗ ∙ JT

▶ Advantages:
● Full covariance matrix “for free”.
● No analytic form of f ⃗(p ⃗) required.

q₀

p₀

σq₀

σp₀

f (p)

∂f /∂p |p = p₀

Results of test on NGC 3351.
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Busy Function
Fitting Soware
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Busy Function Fitting Soware

★ BusyFit
▶ Stand-alone soware.
▶ Requirements:

● Written in C++ using GSL.
● Should run on all Linux / Unix 

systems (e.g. Ubuntu, Mac OS).

▶ Features:
● Reads spectrum from text file.
● Automatic or manual determination 

of initial parameters.
● Calculation of uncertainties.
● Plotting of results using gnuplot.

▶ Download  instructions:
● http://www.atnf.csiro.au/people/Tobias.Westmeier/tools_software_busyfit.php

http://www.atnf.csiro.au/people/Tobias.Westmeier/tools_software_busyfit.php
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Busy Function Fitting Soware

★ BFfit
▶ Written by Russell Jurek.
▶ C / C++ library with Python wrapper.
▶ Requirements:

● Written in C / C++.
● Needs cfitsio, cpgplot, and OpenMP.

▶ Features:
● Variable number of free parameters based on Akaike 

Information Criterion.
● Uses random initial parameters; no initial estimates needed.
● Makes use of multiple CPU cores.
● Comes with Python wrapper.

▶ Download  instructions:
● http://code.google.com/p/busy-function-fitting/

http://code.google.com/p/busy-function-fitting/
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Busy Function Fitting Soware

★ SoFiA
▶ Source Finding Application for H Ⅰ data cubes.
▶ Shiny graphical user interface (GUI).
▶ Easy creation of parameter files.
▶ Perfect desktop integration, e.g. Linux / KDE.
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Busy Function Fitting Soware

★ SoFiA
▶ Source Finding Application for H Ⅰ data cubes.
▶ Shiny graphical user interface (GUI).
▶ Easy creation of parameter files.
▶ Perfect desktop integration, e.g. Mac OS X.
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Busy Function Fitting Soware

★ SoFiA
▶ Source Finding Application for H Ⅰ data cubes.
▶ Shiny graphical user interface (GUI).
▶ Easy creation of parameter files.
▶ Perfect desktop integration, e.g. Mac OS X.

★ Download SoFiA
▶ Current stable version: 0.2.1

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

▶ SoFiA wiki and bug reports also 
available on GitHub.

▶ Work in progress!
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Summary  Conclusions
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Summary  Conclusions

★ Busy Function:
▶ Simple analytic function for describing different 

galaxy H Ⅰ profiles.
▶ Applications:

● Automated fitting and parametrisation of galaxies.
● Profiles for simulations / matched filtering.

▶ Testing on models and Hipass data:
● Much more accurate than “direct” parametrisation method, 

in particular for w₅₀, w₂₀, and Speak of faint sources.

▶ Uncertainties from covariance matrix.
▶ Soware:

● BusyFit (stand-alone soware by T. Westmeier)
● BFfit (C / C++ / Python library by R. Jurek)
● SoFiA (source finder, includes Busy Function fitting) 2014, MNRAS, 438, 1176
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Thank You!

Russell Jurek
Danail Obreschkow

Bärbel Koribalski
Lister Staveley-Smith

Busy Function

Lars Flöer
Nadine Giese
Russell Jurek
Martin Meyer
Attila Popping

Paolo Serra
Benjamin Winkel

SoFiA
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