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ABSTRACT 
 
This talk will discuss one of the most challenging digital communications channels on the 
planet, the underwater acoustic channel. Through aggressive use of signal processing and 
forward error correction, a number of highly successful methods have been developed in our 
research group for achieving unprecedented data rates through the underwater acoustic 
medium. When an underwater acoustic modem is installed on a mobile platform such as an 
underwater vehicle, a buoy, or a surface vessel, Doppler effects distort the acoustic signal 
significantly. The acoustic path between a surface vessel and an underwater vehicle, for 
example, can experience Mach numbers of one percent and more which can be catastrophic if 
not compensated dynamically. We derive a sample-by-sample, recursive resampling 
technique, in which time-varying Doppler is explicitly modeled, tracked and compensated. 
Integrated into an iterative turbo equalization-based receiver, this novel Doppler 
compensation technique achieves unprecedented communication performance in field tests 
and simulations. Some of our field data stems from the MACE10 experiment conducted in the 
shallow waters 100 km south of Martha¹s Vineyard, MA. Under challenging conditions (harsh 
multi-path, ranges up to 7.2 km, SNRs down to 2 dB and relative speeds up to 3 knots) we 
obtained a data rate of 40 kbits/s using 10 kHz of bandwidth. Additional experimental results 
will be discussed from at-sea tests as well as tests in our acoustic communications tanks on 
campus. This talk will also cover the essential elements of joint equalization and decoding, or 
so-called turbo equalization and the essential role that it plays in making these systems robust 
and effective.  
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