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Thesis Abstract:

This dissertation describes the results of the work carried out for the southern sky survey
at 151.5 MHz using the Mauritius Radio Telescope (MRT). The primary objective of this survey
is to image the southern sky at metre wavelengths and derive a catalogue of radio sources.

The consolidated results of the present work are presented in the form of deconvolved im-
ages covering more than one steradian of the sky (18" < o <24130™, -75°< § <-10°)! with an an-
gular resolution of 4'x4/6 sec(6+20°14) and having an rms noise of ~260 mJy beam™'. A catalogue
of nearly 2,800 sources and its initial analysis is presented. As a representative of interesting
sources in the images, we briefly discuss a few steep spectrum sources, giant radio sources, dou-
ble sources, cluster radio relics/fossil galaxies and report the structure of a few resolved super-
nova remnants. A comparative study including cross identification with the Molonglo Reference
Catalogue at 408 MHz and Culgoora catalogue at 160 MHz is described. MRT with its availability
of short spatial frequencies and nearly complete uv coverage is sensitive to extended features in
the sky. In this context, dirty images of a large part of the southern Galactic plane including the
Galactic center (~0.5 steradian, 15206™ < « <18?, -75°< § <-10°) are presented.

The imaging has been accomplished using the software system developed in-house. Addi-
tions to provide many new functionalities and various improvements (eXtended-MARMOSAT)
to the existing software system MARMOSAT (MAuRitius Minimum Operating System for Array
Telescopes) were carried out to make it complete and robust. This required optimizing, modify-
ing/tailoring the conventional techniques for data processing, making the right choice of meth-
ods to analyse, browse and display large amounts of data obtained at different stages of imaging.
A hierarchical software system based on a mix of top-down and bottom-up approaches con-
sisting of separate application programs with specific functionalities (top-most layer) and using
general purpose generic libraries (lowest layer) was developed to accomplish this purpose. It is
written in C, Perl, Matlab and F77 and comprises of more than 60,000 lines of code.

Many aspects of imaging with the MRT are special and challenging due to its non-
coplanarity and the large size of database of visibilities. In this context we have presented a
novel framework developed and implemented for automatic evaluation of data quality which
was essential to classify the ~20,000 hours of astronomical observations for the survey. With
suitable modifications, an astronomical tool based on such a framework can potentially be em-
ployed on data sets from other interferometric arrays and to monitor the performance of an ob-
servatory. A hierarchical Radio Frequency Interference (RFI) mitigation system developed and
implemented for offline processing of the recorded visibilities using a conjunction of techniques
both linear and nonlinear at various stages of data processing is discussed. The system creates
an RFI database which is valuable in combating it. The interesting aspects of statistics of inter-
ference are also described. Such an approach exploiting the natural strengths of both linear and
nonlinear signal processing techniques and judiciously applying them at various stages of data
processing is an important step towards achieving the ultimate goal of automatic data flagging.
We have later presented an algorithm which uses the concept of minimum number of look-up
Point Spread Functions (PSFs) of appropriate size for deconvolution of wide field images made
using a non-coplanar array. This scheme does not require PSF interpolation in the image plane
during every iteration in the CLEAN loop. The procedure developed for flux calibration which
involves scaling different images to a common level, estimation of the primary beam shape of
the helix and recovery of the amplitude information of the signal lost in a 2-bit 3-level correlator
with an AGC (Automatic Gain Control unit) is discussed. An algorithm developed for construc-
tion of the source catalogue from the wide field deconvolved images is also described.

1o and ¢ refer to Right Ascension and declination in J2000 epoch.
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