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When LOFAR, the LOw Frequency ARray, comes online over the next few years, it will provide

an unprecedented sensitivity and �eld of view in the low-fre quency radio regime. The Transients

Key Project aims to exploit these capabilities by constructing an automatic system for monitoring

the sky for transient sources with LOFAR. Such a project requires automatic processing and

archiving of a huge volume of data, presenting a software design and engineering challenge. Here,

we present an overview of some of the technical issues faced, as well as outlining the approaches

adopted to address them.
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LOFAR transients pipeline

1. Introduction

Figure 1: Low frequency antennae in the �eld at LO-
FAR’s ‘Core Station 1’.

Figure 2: Radio Sky Monitor concept: multiple
beams tile out a large area on the sky, while others
are used for targeted observations.

LOFAR, the LOw Frequency ARray,
is a new �software� radio telescope cur-
rently under construction in the Netherlands
and elsewhere. Operating between 30 and
240 MHz (split into �low� 30�80 MHz and
�high� 120-240 MHz bands), the instrument
is comprised of a large number of individual
dipoles, each sensitive to the entire sky above
it. By dividing up the total bandwidth and
electronically inserting delays in the signal
path, multiple beams may be created imag-
ing several different parts of the sky simul-
taneously. �Core Station 1�, the �rst Dutch
LOFAR station, currently has equipment in
the �eld, and is being used for testing de-
velopment; see Figure 1. The full array will
contain of tens of similar stations, each con-
taining both low and high band antennae,
split between a compact core, with baselines
of a few kilometres, and an extended ar-
ray providing baselines up to 100 km. It is
scheduled for completion in 2009.

The compact central core is designed to
provide LOFAR with a very wide �eld of
view. It is therefore ideal for observing large
areas of the sky at high sensitivity. The Tran-
sients Key Project[5] (TKP) aims to exploit
this unique capability to investigate transient
phenomena. The key technology is the Radio
Sky Monitor, or RSM. Multiple beams from
the LOFAR core will tile out a wide area of
sky, while others can simultaneously carry
out independent observing programmes: see
Figure 2. Focusing on the zenith and galactic
plane, it is anticipated that 25% of the visible
sky can be regularly monitored in this way.

The sky will be searched for transients on a logarithmically spaced range of timescales between
1 and 104 seconds. The aim is to respond to transients in real-time: for example, to provide
noti�cations of detections to other facilities or to recon� gure the telescope to best investigate the
phenomenon detected. This means that all data processing must be fully automated and able to keep
pace with the incoming data stream�no more than a second is av ailable to process the shortest
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timescale maps.

A software pipeline for processing the data is currently under development by members of the
Transients Key Project in Amsterdam. Here, we outline some of the many technical challenges
faces, along with the approaches being taken to address them.

2. Pipeline Overview

Construction 
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lightcurves
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Figure 3: A schematic outline of the main compo-
nents of the TKP pipeline.

The four main goals of the TKP pipeline
are: to detect new transient sources in real
time; to monitor the locations of previous de-
tected transients for activity; to respond in-
telligently to the results of both of the pre-
vious; and to update an archive database of
lightcurves with details of all detected ob-
jects.

The pipeline developed by the TKP
is designed to receive data that has al-
ready been processed by the main LOFAR
pipeline. This includes facilities for correla-
tion, RFI detection and �agging, calibration
and imaging. These aspects are not consid-
ered further here.

The TKP pipeline can be broadly bro-
ken down into components as shown in Fig-
ure 3 at right. In software terms, each of
these is developed as a separate module,
with inputs and outputs designed to facilitate
communication with the other components.
The rest of this document will discuss each of the blocks in more detail.

In the prototyping stages, as much as possible of the pipeline is being constructed using
Python[8], a dynamic, interpreted, object-oriented language which excels in terms of �exibility
and rapid development. After a complete pipeline has been implemented, tested and pro�led, it
may be necessary to re-implement speci�c components in C++[9] for performance reasons.

3. Data Input

One of the design requirements of the pipeline is that it should be �exible about its data source.
As well as a version implemented directly on the real-time LOFAR processing cluster, it should
also be possible to use it for off-line analysis as and when required. The main body of the pipeline,
therefore, does not make assumptions about the format of data presented to it. Instead, an input
module normalizes the data to a consistent format. Currently, basic input modules have been written
for uv-data in AIPS MeasurementSet format and image data in FITS format.
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Figure 4: An example of simulations carried out to investigate the best methods of image differencing. At
top left, theuv coverage of the simulated data is shown; in this case, since the images are separated by
only one second, this does not vary signi�cantly from image to image. The other panels show the noise
distribution: note this is signi�cantly lower in the image-differenced case.

A Data Access Layer is in development by the LOFAR Software Group which will provide a
uniform interface to data stored in HDF5, FITS and MeasurementSet formats. The pipeline will
make the transition to this system as soon as it becomes stable.

Internally, the data is stored as an array of numerical pixelvalues with associated metadata.
This is made possible by theNumPy[7] extension to Python, which adds ef�cient support for large,
multidimensional arrays and provides a library of high-level mathematical functions which oper-
ate on them. TheNumPysystem and its associated modules are used extensively throughout the
pipeline.

4. Transient Identi�cation

Transients are identi�ed in the data by a process of differencing consecutive datasets and
identifying any objects that do not appear in both or vary between the two. This differencing
may be performed in either theuv or the image plane. Simulations were carried out to determine
the most effective procedure: datasets were generated containing both point and extended sources
as well as random noise and various differencing algorithmswere applied. An example is shown in
Figure 4, which compares three point image anduv plane differencing on a one second timescale
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