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1 Extended Abstract

Effective use of radio spectrum is coveted by both active services (e.g., cellular, radar, wireless internet) and passive
services (e.g., radio astronomy service (RAS) and earth exploration satellite service (EESS)), with a growing
demand for greater spectrum use by active radios coincident with a pressing need for quiet spectrum by passive
systems. The past few decades have witnessed the proliferation of man-made transmissions and their concomitant
spectral leakage into protected bands and areas. A well-known example is the spurious infringement by long-range
air surveillance radar systems into the L-band at 1400 -1427 MHz which is allocated exclusively for passive RAS
and EESS sensing of soil moisture, pulsar signatures, and arguably the most important spectral feature in radio
astronomy: the 21-cm (1420 MHz) atomic hydrogen emission line. Furthermore, RFI generated by the GPS-
L3 signal (1381 MHz) contaminates observations of redshifted 21-cm emission in the unprotected L-band from
1.15 - 1.73 GHz, used to probe distant astronomical sources. Because most radio signals of scientific interest
are extremely faint, the effects of RFI contamination can be disproportionate, ranging from amplifier saturation
and thus total data corruption to increased uncertainty due the lowered sensitivity. Ionospheric remote sensing
using incoherent scatter radars operating near 430 MHz also are subject to transient RFI which hinders accurate
calibration and thus parameter estimation.

The first and foremost step towards achieving harmonious coexistence between active and passive services is
to monitor the radio frequency environment at high resolution in time, space, frequency, and even some appro-
priately defined feature space. The challenging task of the detection and subsequent excision or mitigation of
radio-frequency interference from the data has been addressed by various techniques. As described in [1] they
include using spatial information to null directions, provided by interferometers or multi-feed systems [2]; remov-
ing the RFI by using reference antennae [3]; and blanking out unlikely high values at high time resolutions [4],
among others. In this work, we will describe new spectrum monitoring techniques that are based on the analysis of
statistical features from the data such as spectral kurtosis and cyclic spectrum. Spectral kurtosis, which measures
the peakedness of a probability distribution, is useful for problems concerned with detection of transients in noisy
signals and identification of non-Gaussian signals. Cyclic spectral analysis deals with non-stationary cyclostation-
ary process with inherent periodicity as exhibited in digital communications signals. We will present simulations
and real-data evaluations to understand how these features and metrics could guide the design of practical signal
processing techniques for spectrum coexistence. Real data provided by Arecibo Observatory in Puerto Rico and
the MIT Haystack Observatory in Massachusetts will be used for this performance analysis and benchmarking.
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