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Background

Problem: Develop methods for detection and classification of 
underwater mine-like objects using broadband acoustic sonar data

Complicated by many factors including:
Man-made and natural clutter

Reverberation

Changing operating and environmental conditions

Lack of a priori knowledge about shape and geometry of new non-mine-like objects

Approaches may be broken down into the following areas: 
Sensor development and data acquisition:  ¦ǎŜ ŀŎƻǳǎǘƛŎ ǎƻǳǊŎŜ ǘƻ άǇƛƴƎέ ǘƘŜ ǎŜŀŦƭƻƻǊ 
and capture return signals via hydrophone sensor elements

Feature extraction:  Extract discriminatory mine-like versus non-mine-like properties 
from sonar returns 

Detection/classification:  Use extracted features to produce decisions regarding the 
class of represented objects and environment

SAS Processing: Generate synthetic image of seafloor by coherently integrating acoustic 
sonar data from multiple sensors and pings

Introduction:
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Research Objectives and Motivations
Research Objectives:

1) Development of a feature extraction method that exploits coherence across two 
sonar pings in specific frequency subbands

Offer a theoretically and intuitively meaningful way of performing acoustic 
color processing

2) Development of new multi-aspect classifiers

3) Development of a coherence-based blind SAS processing algorithm

Does not require use of vehicle motion parameters

4) Demonstrate the effectiveness of these tools on two real sonar databases

Motivations:

Usingmultiple sonar pings/aspects can improve classification performance since a 
single ping may not contain enough discriminatory information

Ping-to-ǇƛƴƎ ŎƻƘŜǊŜƴŎŜ ǇŀǘǘŜǊƴǎ ƛƴ ǎǳōōŀƴŘǎ ƻŦ ŀƴ ƻōƧŜŎǘΩǎ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ ŀǊŜ 
a better indicator of its type than coherence in different blocks of range cells (i.e. 
sonar time series)

Conventional SAS processing requires elaborate platform motion estimation and 
compensation, and produces images that do not covey information useful for 
object classification

Introduction:
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Sonar System

Data collected by wing Buried Object Scanning Sonar (BOSS)
Developed by Florida Atlantic University

Produces omnidirectional 5 millisecond linear FM transmit signal 
over 3-19 kHz
Sonar returns captured by 40 hydrophone elements

Uniform linear subbarray of 20 hydrophones on each wing of 
ά.ƭǳŜŦƛƴ мнέ ǳƴƳŀƴƴŜŘ ǳƴŘŜǊǿŀǘŜǊ ǾŜƘƛŎƭŜ ό¦¦±ύ

Bluefin 12 UUV with wing BOSS payload Transmit Signal

Sonar Systemand Collected Data Sets:
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Collected Data Sets

Ping rate: 25 pings/sec  UUV speed: 1.5 m/s  
UUV altitude: 3 m

¦¦± ƳŀŘŜ ΨǎǘŀǊ-ǎƘŀǇŜŘΩ Ǌǳƴǎ ŎŜƴǘŜǊŜŘ ƻƴ 
objects T1, T3, T4, T5, and T10, and diagonal 
runs that traversed entire target field

Each object adequately captured during at 
least one run

Objects with properties similar to mines 
used

Davis Point Data Set ςMarch 2007

Ping rate: 20 pings/secUUV speed: 1.5 m/s  
UUV altitude: 3 m or 12 m

UUV made multiple runs overeach object

All objects adequately captured besides Y23
and Y24

Real mines used, but objectcharacteristics
not provided

Twobottom types: sandand mud

Yankee Data Set ςMay/June 2006

Davis Objects

UUV Paths

Sonar Systemand Collected Data Sets:
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CFS Signal Preprocessing

Sonar return at ping p: 

= transmit signal,            = impulse response of object and bottom

= impulse response of correlated noise,           = uncorrelated noise

Extract transfer function of object and bottom:
Apply matched filter to better separate object and bottom return from other returns 
and correlated noise.  In the frequency domain:

Remove effects of transmit signal using inverse filter:

Window to remove correlated noise:

CƻǊƳǎ άŎƭŜŀƴέ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ ƻŦ ōƻǘǘƻƳ ŀƴŘ ƻōƧŜŎǘ ǿƛǘƘƛƴ ōŀƴŘǿƛŘǘƘ ƻŦ 
transmit signal (3-19 kHz for BOSS)

DataPreprocessing and Feature Extraction:
SubbandDecomp.
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Canonical Correlation Analysis (CCA) Review
Given zero-mean vectors:                  and                with

Composite covariance matrix:

Coherence matrix:

SVD of Coherence Matrix:                                          and                  orthogonal

is the matrix of canonical correlationswith

Canonical coordinates and    :

It follows that:

DataPreprocessing and Feature Extraction:
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