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Overview & Rationale 
 
The study of the faint radio universe has recently become a very active field of research not only 
because of the promise of transformational capabilities of the SKA on this field, but also 
because of the major steps beging taken and planned with SKA pathfinder and precursors. 
Upcoming radio surveys with the South African SKA precursor MeerKAT (2017-) and with the 
SKA1 (2020-) will routinely detect radio emission from Star Forming Galaxies (SFG) and Active 
Galactic Nuclei (AGN) up to high redshifts over large areas of the sky.  Such data will 
dramatically improve sample sizes allowing us to trace the evolution of these radio source 
populations over cosmic time. In advance of completion of MeerKAT and the SKA1 one can 
make the first steps in this investigation using existing deep radio data sets both to do science 
along the way and to develop and test the approaches and analysis algorithms. 
 
To that end, the deepest existing data from JVLA and GMRT surveys led by Prof Taylor are in 
hand, covering well-studied fields with deep and homogeneous ancillary data, spanning 
frequencies from 600 MHz right up to 10 GHz, in both polarization and total intensity. Ongoing 
and future GMRT, JVLA and MeerKAT survey programs incuding the MIGHTEE survey will 
soon expand upon current capabilities and pave the way for SKA1 science by producing deep 
surveys of the radio sky detecting millions of faint radio sources. 
 
A key requirement to fully exploit upcoming radio continuum surveys is advanced algorithms for 
the automatic classification and characterization of very large numbers of radio sources using 
multi-wavelength (ultraviolet, optical, near infrared, far-infrared, sub-millimeter) data. This is an 
area where machine learning techniques have recently led to rapid progress, thanks to large 
homogeneous multi-wavelength datasets, faster computing facilities and improved algorithms. 
 
 
Relevance to Priority Areas of MeerKAT and SKA 
 
In this project the student will undertake the exploitation of existing and upcoming deep radio 
data sets in the context of multi-wavelength ancillary data by developing and applying machine 
learning techniques to the classification and characterization of sources detected in deep 
continuum and polarization surveys.  We will assemble extensive spectroscopic training 
samples, use several increasingly sophisticated machine learning techniques such as k-Nearest 
Neighbors (kNN), Random Forests (RF) and Artificial Neural Networks (ANN) and identify the 



most appropriate for the problem at hand, and apply feature extraction techniques to optimally 
identify key features.  
 
This is a big data challenge that is core to exploiting data sets that will be produced by MeerKAT 
and SKA1, and SKA precursor projects on ASKAP (EMU and POSSUM), the the JVLA and 
GMRT.  The vast number of objects that must be classified will required cogntive computing and 
machine learning approaches. It also addresses a key challenge of the fusion and exploitation 
of large data sets from optical/IR with radio surveys - a strategic development as we begin 
planning for joint analysis of SKA1 and LSST data sets. 
 
 
Availability of Data and Facilities 
 
He will use deep radio imaging of several fields on the sky which have been obtained or are 
current underway with the Jansky Very Large Array in the US and the Giant Metre Wave Radio 
Telescope in India under the leadesrship of Prof Taylor. These projects provide images of the 
extragalactic radio sky over small regions to sensitivities that will be achieved by MeerKAT and 
SKA1 over much larger areas. They thus pathfind the investigations that will be key studies with 
those telescopes. Using the data centric computing and storage facilities provided by the Inter-
University Institufe for Data Intensive Astronomy (IDIA), the student will combine these radio 
datasets with deep multi-wavelength photometry from GALEX, OmegaCAM@VST, 
DECAM@CTIO, SDSS, PanSTARRS1, MegaCAM@CFHT, Hyper-Suprime-Cam@Subaru, 
WFCAM@UKIRT, VIRCAM@VISTA, IRAC-MIPS@Spitzer, PACS-SPIRE@Herschel and 
optical spectroscopy from SALT, Keck, VIMOS, PRIMUS, SDSS, AAT, which have been 
assembled under the leadership of Dr Vaccari within the Herschel Extragalactic Legacy Project 
(HELP). 
 
 
The project will be divided into three main strands: 
 
1) Classify Sources as SFGs & AGNs with Multi-Wavelength Ancillary Data 
 
We will employ classification and clustering techniques to the classification and clustering of 
extragalactic sources using the multi-wavelength data. Binary classification schemes to 
distinguish SFGs and AGNs will be tested, and composite object classes will be introduced to 
overcome their shortcomings. 
 
2) Estimating Redshifts of SFGs & AGNs with Multi-Wavelength Ancillary Data 
 
We will employ regression techniques to measure the photometric redshifts of SFGs and AGNs 
using multi-wavelength photometry, spectroscopic training sets and source shape parameters.  
 
It should be stressed how 1) and 2) will not only allow studies of individually detected radio 
sources, but they will also enable studies of the sub-noise-threshold radio universe via stacking 



techniques which are an important part of MIGHTEE science exploitation, and they will thus be 
core not only for the MeerKAT science mission but also for SKA1 science exploitation. 
 
3) Classify Radio Sources with Multi-Wavelength Ancillary Data and Radio Imaging 
 
We will employ specilized algorithms such as the Parallelized rotation/flipping INvariant 
Kohonen (PINK) algorithm by Prof. Kai Polsterer and collaborators to automatically process 
large amounts of radio images and generate a set of source templates based on the similarity of 
their visual appearance. We will run the PINK algorithm on a training set of radio images, use its 
results and the multi-wavelength classification carried out in 1) and 2) to annotate the results 
and use the resulting classification scheme to classify sources over the full set of radio images 
at our disposal. This study will thus provide important indications for SKA1 science planning. 
 
 
 
Timeline 
 
Year 1 (2017) 
 
Deep Field Ancillary Data Collection 
 
Comparative Analysis of Classification & Clustering Algorithms for Source Classification 
 
Analysis of GMRT and JVLA Data 
 
Year 2 (2018) 
 
Comparative Analysis of Regression Algorithms for Redshift Estimates 
 
Early Analysis of MeerKAT Full Array MIGHTEE data 
 
Year 3 (2019) 
 
Comparative Analysis of Classification Algorithms for Radio Sources 
 
Full Analysis of MeerKAT Full Array MIGHTEE data 
 
LSST & SKA1 Forecasting Work 
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