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De:eclion and classification of
underwater objects in  sonar
imagery is a complicated problem due
to various factors, such as variations in
operating and environmental condi-
tions, presence of spatially varying clut-
ter and variations in target shapes, com-
positions and orientation. Moreover,
bottom features, such as coral reefs,
sand formations and vegetation, may
totally obscure a target.

Various methods have been explored
for target detection and classification in
sonar imagery. In some cases, a nonlin-
ear matched filter is utilized to identify
mine-sized regions in the sonar image
that match the target signature."* For
each detected region, several features
are extracted based on the size, shape
and strength of the target signature. A
stepwise feature selection process is
then used to determine the subset of
features that optimizes the probability
of detection and classification. A k-
nearest neighbor—a classifier using
minimum distance from a current
object feature vector to the training fea-
ture vector, and an optimal discrimina-
tion filter classifier are used to classify
each feature vector—and the decisions
of the two classifiers are fused for the
final decision. In another method, an
adaptive clutter filter is used, which
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Block diagram of the CCA-based detection
method.

exploits the difference in correlation
characteristics between clutter and tar-
gets.” After detection, features are
extracted and then orthogonalized prior
to classification using a optimal
Bayesian classifier.

The Canonical Coordinate Analysis
(CCA) method has shown great promise
in underwater target classification prob-
lems using sonar backscatter." CCA
allows one to quantify the changes
between the returns from the bottom
when target activities are present and,
at the same time, provide via canonical
correlations a set of features for target
classification without the need to per-
form separate detection and feature
extractions.

In this article, the coherent-based
detection and classification method has
been extended to high-resolution sonar
imagery.** Using CCA, an optimal
Neyman-Pearson detection scheme is
developed that utilizes the canonical
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correlations and coordinates extracted
from regions of interest (ROIs) within
the sonar image. From the canonical
correlations, coherence can be mea-
sured and used to determine if a targel
is present in the processed ROI, while
at the same time provide coherent-
based features that can be used to clas-
sify the detected ROIs. The data set used
in this study was provided by the Naval
Surface Warfare Center (NSWC) in
Panama City, Florida. The data set con-
sists of high-resolution side-looking
sonar imagery that contains either no
targets, one target or multiple targets in
varying clutter densitics.

In the next section, a brief review of
the CCA method and its application as
a feature extraction (estimation frame-
work) or detection tool for implement-
ing the Neyman-Pearson detector is
provided.

CCA Decomposition Review
CCA is a method that determines lin-
car dependence (or coherence)















