
Automatic infrasonic signal detection using the Hough transform

David J. Brown,1,2 Rodney Whitaker,3 Brian L. N. Kennett,4 and Chris Tarlowski4

Received 13 January 2008; revised 8 May 2008; accepted 23 May 2008; published 3 September 2008.

[1] The Hough transform is a mathematical device that allows the retrieval of
parametric curve information from binary-pixelated data in the presence of noise.
This slope-intercept transform maps each point in the image space S into a straight
line in parameter space P and has the very useful property that all points in S that lie
along the same straight-line map to the same number of straight lines in P with a
common intersection point. Thus with a suitable counting procedure, the problem of
extended straight-line detection in noisy pixelated data becomes one of local peak
finding, a problem that may be substantially more tractable. In this study, an algorithm
that utilizes the Hough transform for the detection of signals in International Monitoring
System style infrasonic array data by seeking periods of constant backazimuth that
are associated with coherent acoustic signals is described. A system of synthetic signal
implants is used to assess the performance of the detection algorithm by generating a
set of pseudo Receiver Operator Characteristic curves. A feature of the detection
algorithm is the ability to accommodate full three-dimensional array geometry.
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1. Introduction

[2] Monitoring requirements of the Comprehensive
Nuclear-Test-Ban Treaty (CTBT) have prompted further
research into the detection of signals recorded by infrasound
arrays of the type that make up the International Monitoring
System (IMS) infrasound network [Christie et al., 2001].
[3] Melton and Bailey’s [1957] analysis of variance of

sampled data guided initial efforts, providing valuable
insight into the signal detection problem for signals typical
of those recorded by IMS infrasound stations. These are
acoustic signals with durations ranging from several seconds
to hours, that may have been the result of propagation over a
variety of paths that sum at the receiver to form a consistent
waveform across all sensors. The signals are embedded in
background noise that may itself be correlated. Separating
the variance of a data set, which in the present case is the
sampled waveform on a number of different sensors, into
individual sources of variance each relative to its own
independent mean, Melton and Bailey observed that the
ratio of variances of sensor means to the sum of individual
sensor variances resembled the signal-to-noise ratio and was
described by a Fisher Distribution since it is the ratio of two
c2 distributions. The presence of signals in the data was

characterized by the departure of this ‘‘F-statistic’’ from
unity.
[4] Blandford [1974] subsequently described the use of

the F-statistic as a detector in an automatic processing
system for seismic data, and Shumway [1971] extended the
treatment to the frequency domain, which is used by Smart
and Flinn [1971] as an infrasonic signal detection algorithm
in a Frequency-Wave number (Fk) analysis tool. In their
analysis, Smart and Flinn show that it is in principle possible
to distinguish between array sidelobe energy and that of the
main lobe using the F-statistic. Evers and Haak use a
frequency domain F-statistic detection procedure in their
analysis of bolide and microbarom infrasound [Evers and
Haak, 2001].
[5] Adding a further level of complexity to the usual

F-statistic detection algorithm, Katz [Brown et al., 2001]
uses a coincident-detection scheme where detectable signals
are identified by the simultaneous excursion above pre-set
thresholds of suitable measures of both signal energy and
coherence for a given vector slowness. Signal energy is
quantified in terms of the ratio of a Short-Term-Average
(STA) to Long-Term-Average (LTA) estimate of a specified
norm (either L1 or L2) of a windowed traditional delay-
and-sum beam channel. Spatial coherence is quantified in
terms of a sample by sample F-statistic estimator for the
given vector slowness.
[6] A potential problem with detection algorithms based

on the behavior of the F-statistic, including the coincident
detector of Katz, is that it is based on an ‘‘instantaneous’’
detection philosophy, i.e., the ability to declare a detection
depends largely on the instantaneous behavior of one
parameter, such as the ensemble-average Fischer Statistic.
Whether a detection is declared depends on this single
parameter at one instant in time without regard to the
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