
NEAR-Lab 
Northwest Electromagnetics & 

Acoustics Research

Overview

• Use ambient noise in ocean to determine 
environmental parameters

– Sea bed depth
– Sub-bottom sediment layering & properties

• Sponsor: ONR (Office of Naval Research)
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• Sponsor: ONR (Office of Naval Research)
• People

– Dr Martin Siderius (Associate Professor)
– Lanfranco Muzi (PhD research assistant)
– John Gebbie (MEng research assistant)
– Joel Paddock (B.S. student)
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Ambient Ocean Noise

• Use noise 
generated by 
wind and waves 
at surface

• Listen for 

surface 
noise
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• Listen for 
echoes of noise 
coming from 
sea floor

reflection
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Vertical Line Array

• 32 elements
• .18 m spacing
• 12 kHz sampling
• Buoyed at surface, but 
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• Buoyed at surface, but 
depth adjustable

• Drifting
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Conventional Beamforming

• Delay-and-sum
• Increase gain in certain direction
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MVDR Adaptive Beamforming

• MVDR drives a NULL to 
reduce off-look-angle 
noise sources

• K is cross-spectral 
density matrix
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WNGC Adaptive Beamforming

• White Noise Gain Constraint
• Helps deal with

– Mismatch (small errors in array geometry)
– Snapshot deficiency (causes cross 

spectral density matrix to be less than full 
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spectral density matrix to be less than full 
rank)
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Reflection Loss

• Snell’s Law governs reflection coefficient (R)
• Reverberation

– Multiple interfering reflections

• Can compute reflection loss (RL) from R
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* From F. B. Jensen, W. A. Kuperman, M. B. Porter, and H. Schmidt, Computational 
Ocean Acoustics, R. T. Beyer, Ed. Springer-Verlag New York, Inc., 2000.

surface noise

2
log10 RRL -=
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Reflection Loss

• Plot reflection loss as a 
function of:

– Grazing angle
– Frequency

• Frequency dependence 
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• Frequency dependence 
contains information 
about separation and 
properties of layers

* From F. B. Jensen, W. A. Kuperman, M. B. Porter, and H. Schmidt, Computational 
Ocean Acoustics, R. T. Beyer, Ed. Springer-Verlag New York, Inc., 2000.
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Reflection Loss

• Can compute RL from real data
• Use adaptive beamformer to obtain noise 

power from positive and negative angles
• Divide to get ratio – this is also RL!
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Coherent 90º Results

• At ±90º, reflections from seabed are coherent with 
noise at surface

• Can cross-correlate to obtain seabed impulse 
response

• Comparison to active sonar (different data)
Active sonar (left)             Ambient noise (righ t)
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Active sonar (left)             Ambient noise (righ t)

* Image from Siderius, et. al. 2006
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