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Introduction



Why underwater communications?

Autonomous Underwater Vehicles Manned Vehicles

Mine Detection

Pipeline Inspection

Submarines Divers



Challenges of Underwater Communications

ÅEM signals are attenuated quickly in the UW medium Ą pressure 
waves (sound) have been chosen for long range communications

ÅSound waves characteristics:
ÅPropagation speed: 1500 m/s

(times 200,000 slower than EM waves!)

ÅFrequency dependent losses

ÅFrequency related ambient noise



Orthogonal Frequency Division Multiplexing

ÅThe comm. bandwidth is divided into sub-carriers

ÅEach subcarrier is modulated to carry a digital communication symbol

ÅPros:
ÅEasy to implement using FFT operations

ÅRobustness to frequency selective channels

ÅSimple channel equalizer

ÅCons:
ÅVery sensitive to frequency shifts

ÅHigh peak-to-average power ratio (PAPR)
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OFDM modulation

Information bits QPSK 
Mapping

IFFT Zero Padding

Upsampling& 
Modulation
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Sea Trial OFDM Signal

ὒ-tap CIR
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Research Goal

Develop a carrier frequency offset estimator for underwater acoustic  
OFDM modems.

The solution is required to be computationally efficient and practical 
for the underwater acoustic channel.
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Multicarrier UAC Effects
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Received Signal Model
Li et al. Ψ08

Sync.
Doppler 
rescaling

CFO est.
Channel 
equalizer

Demod.

packet block by block
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Radio Frequency Approaches

Training blocks with periodic 
characteristics
(Classen& Meyer �Z94)

Block to block pilot signal cross-
correlation
(Schmidl& Cox �Z97)

Estimate CFO Apply Estimation Estimate CFO

In UAC �t CFO varies between adjacent blocks


