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Abstract—In the Hudson Canyon experiment, a sound source
moved at a constant depth in 73 m of water while transmitting
four tonals. The signal was received on a vertical array of
hydrophones that spanned the water column. The data set from
this experiment has become a standard test case for studying
source tracking using matched-field processing. As part of that
process it was important to first determine a suitable environ-
ment model and demonstrate the feasibility of matched-field
processing. In this paper, we provide the background on the
original data processing that was done to accomplish this. Several
interesting results emerged from that study. Frequency averaging
was demonstrated to be extremely beneficial when used with
the Bartlett processor. However, the popular Minimum Variance
processor performed poorly. Finally we discuss a very simple
approach to combining the energy coherently that provided sig-
nificantly improved results.

I. INTRODUCTION

N 1993, a matched-field processing [4], [5] workshop was

held at the Naval Research Laboratory to provide a blind
test of methods for source-tracking [6]. Four of the test cases
were synthetic in that the acoustic field was generated by a
model. However, data from the Hudson Canyon experiment
[7], [8] were also made available. The site of the experiment
is in an area off the New Jersey coast where the ocean
bottom is nearly flat. (The experiment tracks are near but not
actually in the Hudson Canyon where the bottom is much
more complicated.)

For a detailed discussion on matched-field processing algo-
rithms we refer the reader to the monograph by Tolstoy [9]. In
this work, we will only review matched-field processing very
briefly. Fig. 1 shows a simulation of the acoustic intensity due
to a 50-Hz source in an environment similar to that of the
Hudson Canyon site. The actual array in the experiment sees
a characteristic intensity pattern depending on the array’s range
from the source. This pattern provides an acoustic fingerprint
that uniquely identifies the range to the source. Using an
acoustic model one can then simulate the field that would
be seen on a replica array placed at various ranges from the
source. The location that gives the best match in the intensity
pattern corresponds to the true position. In practice, the array
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Fig. 1. Matched-field processing.

is normally fixed and the source moves; however, the idea is
the same in both cases.

The simplified view of matched-field processing described
above conceals two key challenges. First, an accurate channel
model is required to simulate the acoustic intensity pat-
tern. Fortunately, there are many robust and well-documented
acoustic models readily available today [10] and for our
application the accuracy of the models is primarily limited
by environmental knowledge. Second, a variety of signal
processing methods can be used to identify the best match
between the acoustic fields seen on the real and replica arrays.
The simplest method measures the similarity of the data and
replica vectors by an inner product.

The structure of the paper is as follows. In Section II, we
provide an overview of the Hudson Canyon experiment and
demonstrate both narrow-band and broad-band tracking using
the Bartlett estimator. We then discuss the sensitivity of those
results to environmental parameters in Section III. In Section
1V, we study the performance of a popular high-resolution
estimator (the minimum variance method). In Section V,
we discuss an approach to exploiting broad-band energy
coherently. The relative performance of the coherent and
incoherent processors versus mismatch is then discussed in
Section VI. Finally we end with a summary and conclusions
in Section VIL

II. SOURCE TRACKING USING CONVENTIONAL PROCESSING

The scenario for the Hudson Canyon experiment is shown
in Fig. 2. The water depth is about 73 m and varied by less
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after taking into account localization results for a number of
runs corresponding to different source locations and noise
realizations.

The results shown in Fig. 18 show many interesting fea-
tures. First, the incoherent MV processor appears to have
a much poorer performance than the other three processors,
having a high probability of miss even for a small mismatch
in the sound speed profile. The incoherent Bartlett and the
coherent Bartlett and MV processors are very similar in their
performance. However, there is a crossover point near y = 25.
For ;1 > 25 the two coherent processors show the best
performance but all three processors seem to converge for a
large degree of mismatch (u = 50). Note also that the coherent
Bartlett processor actually does better as the mismatch is
increased from p = 20 to p = 30. This is believed to be
a consequence of the limited number of trials that could be
included. We also note that simulations were done with the
number of observations increased from 10 to 100. However,
no substantial alteration of the comparative performances of
the processors was noticed.

In summary, it seems very difficult to conclude which
processor should be recommended. When mismatch with
respect to other parameters is considered, the performance
patterns of the different processors will likely be still more
complicated.

VII. SUMMARY AND CONCLUSION

Matched-field processing in shallow water has been gen-
erally viewed as a challenging proposition because of the
difficulty of accurately predicting the acoustic field in such
environments. In contrast to deep-water problems, there is
typically a strong effect of the ocean bottom which in turn is
typically known very inaccurately. Despite these difficulties,
the results presented here clearly demonstrate the feasibility
of continuous source tracking using matched-field processing.
However, the exploitation of broad-band information was seen
to be important in its success.

The comparison of different estimators revealed some inter-
esting properties. The MV processor performed much worse
than the simpler Bartlett estimator and an explanation has
been suggested. A simple scheme for exploiting coherence
between frequencies has also been demonstrated and shows a
significant pay-off in performance. In practice such coherences
may be strong or weak depending on the environment and the
frequencies being considered. In simulation, we have also seen
that the relative performance of the processors depends in a
complicated way on the environmental mismatch.
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