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Abstract:

Recently, new and interesting science drivers have emerged in the ultra low frequency range
of 0.3-30 MHz ranging from the epoch of re-ionization, exo-planets, ultra-high energy cosmic
rays and studies of the astronomical dark ages. However at these wavelengths, ground based
observations are severely limited due to ionospheric distortions below SOMHz, manmade
interference, complete reflection of radio waves below 30MHz and even solar flares [1].

OLFAR project aims to design and develop a detailed system concept for a swarm (>50) of
scalable autonomous nano satellites in space (well above the lonosphere) to be used as a
scientific instrument at for ultra low frequency observations [1]. Each of these nano satellites
will be identical and consist of a deployable antenna for very low frequencies. The large
number of such satellites spread over large distances will collectively synthesize an aperture
dish of diameter 100 kilometres.

Distributed Algorithms/Signal Processing:

The OLFAR cluster will be free of a centralized mother ship to avoid single point of failure
and to improve scalability, which means all the on board signal processing will be completely
distributed. Distributed signal processing refers to new paradigms in self-organising wireless
networks where nodes communicate only to their immediate neighbours and try arriving at
joint conclusions thereby minimizing the communication overhead. Readily feasible, energy
efficient, low-cost and reliable distributed algorithms for localization, synchronization and
processing are needed to maintain network coherence and meet the scientific goals of the
instrument.

Localization: The cluster itself may be located either in Sun orbit, Moon orbit or Earth-Moon
L2, far away from earth. Independent of the cluster location, the relative positions of the
satellites within the cluster has to been known with accuracies of 1 meter in 100 Kilometres,
to make radio maps of the sky at ultra long wavelengths

Synchronization: Each satellite in the OLFAR cluster will be equipped with a light weight
Rubidium clock to maintain accurate time stamps during observations. Despite the high
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standard, clocks are susceptible to both phase and frequency drifts which need to be corrected.
within accuracies of few tens of nano seconds.

Processing: Data fusion (Correlation / Beamforming) of time sensitive data have to be
performed to make images of the sky. However it is expensive to make cross-correlation
among all possible antenna pairs at all times [2]. Thus In addition distributed signal
processing architectures will be investigated to minimize communication overload and
maximize results.

The algorithms developed for distributed processing, localization and synchronization will
have direct implications on earth based applications such as monitoring the health status of
humans, animals, plants and the environment; control and instrumentation of industrial
machines and home appliances; homeland security; detection of chemical nad biological
threats and leaks etc
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