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theSkyNet POGS
A BOINC based, citizen-science 
project for pixel Spectral Energy 
Distribution fitting of resolved 
galaxies in multi-wavelength 
surveys



ICRAR

Why theSkyNet

• SKA and LSST will bring even more data size 
problems.

• ICRAR looking for an experiment to see if we can 
off load the computing.

• We wanted a systematic way of processing very 
large volumes of data.

• So in 2011 we started theSkyNet.
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• POGS
– Local low redshift Galaxies only z < 0.1
– Pan-STARRS1, SDSS, GALEX & WISE
– SED fit to each pixel
– ~100,000 Pan-STARRS1 resolved galaxies

• Start with ~628 million pixel SEDs
– Each pixel SED takes between 5 and 10 minutes
– It would take between 1,000 and 2,000 years on a 

modern desktop

ICRAR

theSkyNet Pan-STARRS1 Optical 
Galaxy Survey (POGS)
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What we’re trying to do

• Fundamentally panchromatic (UV-opt-IR)
– Pixel SED fitting for resolved physical 

interpretation
– Maps of stellar mass, SFR, etc showing sub-

structure of the galaxy.
– Detailed multi-wavelength parametric galaxy 

decomposition
– Atlas of galaxies

• Bulge/disk ratios, scale lengths, break radii
• Citizen-scientist involvement in multiple ways - 

possible as part of Galaxy Zoo for the next stage
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MAGPHYS
• http://www.iap.fr/magphys/magphys/MAGPHYS.html
• da Cunha et al. (2008, MNRAS, 388, 1595)

– SFH are computed using the Bruzual and Charlot population 
synthesis code - (2003, MNRAS, 344, 1000)

– two-component model of Charlot and Fall (2000, ApJ, 539, 718)
• MAGPHYS takes brute force approach to UV-Opt-IR SED fitting

– Compares data to each possible model in large multi-
dimensional parameter space

– Allows estimation of marginalised probability distribution for each 
parameter.

– Far too compute intensive to do pixel-based fits on a single 
machine

• Distributed computing / citizen-science allows SED processing 
– We feed multi-extension FITS files with resolution matched 

panchromatic images per galaxy and correct S/N per pixel
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What MAGPHYS calculates
Parameter Description Parameter Description

the fraction of total infrared luminosity 
contributed by dust in the ambient ISM from 
the stellar population spectrum model

characteristic temperature of warm dust grains 
residing in stellar birth clouds

the fraction of total infrared luminosity 
contributed by dust in the ambient ISM from 
the infrared spectrum model

the total contribution of cold dust grains to the 
total infrared luminosity of a galaxy

fraction of the total effective V-band absorption 
optical depth of the dust contributed by the 
ambient ISM

the total contribution of Polycyclic Aromatic 
Hydrocarbons (PAH) to the total infrared 
luminosity of a galaxy

total effective V-band absorption optical depth 
of the dust seen by young stars inside birth 
clouds

the total contribution of mid-infrared continuum 
emissions to the total infrared luminosity of a 
galaxy

specific star formation rate the total contribution of warm dust grains to the 
total infrared luminosity of a galaxy 

the stellar mass of the galaxy effective V-band absorption optical depth of the 
dust in the ambient ISM 

total luminosity absorbed and reradiated by 
dust

the total dust mass of a galaxy 

characteristic temperature of cold dust grains 
which can only reside in the ambient 
interstellar medium

star formation rate 
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ICRAR

What we record 

• Best Fit
• Median - 50th Percentile
• Highest Probability bin
• 2.5th Percentile
• 16th Percentile
• 84th Percentile
• 94.5th Percentile

• And all Probability Distribution Histograms
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To date (24-Sept-2013)

• Processing
– 4,400+ Users (SETI@Home 1.4 million)

– 11,200+ Computers (Einstein@Home 5.6 million)

– 8,015+ Galaxies

– 50 Million+ Pixels
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Sign up pogs.theskynet.org/pogs
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Tweet Me
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Sign up www.theskynet.org
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Why BOINC
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Titan
US$97 million
17.6 PFlops

Theoretical
27 PFlops

All BOINC projects 8.3 PFlops of computing power - 8th 
most powerful supercomputer in the world 
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The BOINC Flow
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Growth
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Operating Systems

15

Windows 7

Windows XP

Windows 8
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Cores
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AWS Architecture
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POGS

• Stamp collection incentive for volunteers - Galaxy 
images with the locations processed by their 
computer(s) marked
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Some results

• Test galaxies from PS1 being run at high (1”) 
resolution
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Some are very detailed
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TheSkyNet
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Stellarium Plug-in
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HDF5 Files
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Bad things happen
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Coming Soon

• GPU Version of MAGPHYS

• Alternative SED fitting methods

• Ensemble Methods to statistically merge data

• Special un-obfuscated colour maps for 
astronomers

• IVOA gateway to allow you to request data
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Coming Soon II

• 16 more physical parameters
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Parameter Description Parameter Description

 tform/yr formation time of the galaxy 
(years)

t(lastB) time of the last burst of star 
formation (yr)

gamma timescale of exponentially-
declining SF (Gyr^-1)

Fb(1e6) fraction of stellar mass formed in 
bursts over the last 106 yrs

Z/Zo metallicity (solar units) Fb(1e7) fraction of stellar mass formed in 
bursts over the last 107 yrs

SFR(1e6) SFR averaged over the last 106 
years (Msun/yr)

Fb(1e8) fraction of stellar mass formed in 
bursts over the last 108 yrs

SFR(1e7) SFR averaged over the last 107 
years (Msun/yr)

Fb(1e9) fraction of stellar mass formed in 
bursts over the last 109 yrs

SFR(1e8) SFR averaged over the last 108 
years (Msun/yr)

Fb(2e9) fraction of stellar mass formed in 
bursts over the last 2x109 yrs

SFR(1e9) SFR averaged over the last 109 
years (Msun/yr)

age(M) mass-weighted age (years)

SFR(2e9) SFR averaged over the last 2x109 
years (Msun/yr)

age(r) r-band light-weighted age (years)
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Conclusions

• Doing 110 Galaxies a day at the moment - the 
whole survey in under three years

• BOINC is very stable
• AWS Bill around $550 a month
• All software available under LGPL

– https://github.com/ICRAR/boinc-magphys
• BOINC Volunteers are FANTASTIC

• Forums chew up a HUGE chunk of your time
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Any Questions

• I’m “hard of hearing” - I wear hearing aids so 
please speak clearly. 

• Contact me at kevin.vinsen@icrar.org
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