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Introduction:
Lit Review
Background —

Problem:Develop methods for detection and classification of
underwater minelike objects using broadband acoustic sonar data
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« Complicated by many factors including:
Man-made and natural clutter
Reverberation
Changing operating and environmental conditions
Lackof a prioriknowledge about shape and geometry of new name-like objects

¢ Approaches may be broken down into the following areas:
Sensor development and data acquisitioh: 8 S | O2dzA 0 A O & 2 dzND &
and capture return signals via hydrophone sensor elements

\/ Feature extraction: Extract discriminatory minéke versus nomine-like properties
from sonar returns

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

\/ SAS Processin@Generate synthetic image of seafloor by coherently integrating acou
sonar data from multiple sensors and pings
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Introduction:
Research Objectives and Motivations

Research Objectives:

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

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

2) Development of new muHlaspect classifiers
3) Development of a coherendeased 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:

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

o Pingto-LJA Y3 O2KSNBYOS LI GGSNYya Ay &adzmo
a better indicator of its type thanoherence in different blocks of range cells (i.e
sonar time series)

e Conventional SAS processing requires elaborate platform motion estimation a
compensation, and produces images that do not covey information useful for
object classification
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s Data collected by wing Buried Object Scanning Sonar (BOSS)
- Developed by Florida Atlantic University

s Producesmnidirectional 5 millisecond linear FM transmit signal
over 319 kHz

e Sonar returns captured by 40 hydrophone elements

- Uniform linear subbarray of 20 hydrophones on each wing of
G. tdzSTAY MHE dzyYIF YYSR dzy RS NI
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Sonar Systerand Collected Data Sets Davis Objectd (AOND!
Collected Data Sets ULV Paths Ui

Davis Point Data Set March 2007 Yankee Data Sef May/June 2006
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DataPreprocessing and Feature Extraction
CES Signal Preprocessing

o Sonar return at ping: |x,[n] = hy|n] x s[n] + f,[n] * s[n] + v,[n]

SubbandDecomp

s[n|= transmit signalh,[n] = impulse response of object and bottom
f»In] = impulse response of correlated noisv, |n| = 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:

X, [k]S™[k] = H,[k] |S[K]|" + E,[k] |S[K]I” + V;[K] S”[K]

Remove effects of transmit signal using inverse filter:

Xpk]S™[K] VplA
[|SUC]|2 1oe ~ Hp[m "‘Fp{k] + S[’f]]

Window to remove correlated noise:

[&W@%W+MH%$H

s C2N¥Ya GOf SIyé TFTNBIldzSyoOoé NBalLRyasS 27
transmit signal (3L9 kHz for BOSS)
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Given zeremean vectors:

Composite covariance matrix:

(CCA) Review
with

Coherence matrix

SVD of Coherence Matri
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