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Outline

·Experimental observations of UWA channel dynamics

·Machine learning-based underwater wireless networking framework

·A case study: Learning-based adaptive transmissions

·Conclusions
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Field Experiments
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·Date: Aug. 2014, Nov. 2014, 
Jan. 2015, and May 2015

·Modulation: OFDM

·Trans. duration: 8.8 secs

·Repetition period: 15 mins

·# of hydrophones: 4

·Fixed transmission power



Field observation on Channel Long-term Evolution (Aug, 2014)
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open water; 
a diurnal pattern 
observed



Field observation on Channel Long-term Evolution (Nov, 2014)
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relatively 
constant SNR; a 
very thin layer 
of ice observed 
in the second 
half of the 
experiment



Field observation on Channel Long-term Evolution (Jan, 2015)
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under-ice;
the SNR 
changes in sync 
with the on -off 
of a nearby de-
icing agitator



Field observation on Channel Long-term Evolution (May, 2015)
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open water;
the diurnal 
pattern is back!



Field Observations and Insights
·UWA channels have spatial-temporal dynamics in a long term
·Propagation loss
·Multipath structure
·Doppler effect
· Interference characteristics

·There is no one size fits all!
·Transmission parameters: e.g., power, modulation size, coding rate

·Modulation techniques: e.g., SC, OFDM, spread spectrum

·Networking protocols: e.g., UW-Aloha, slotted FAMA, DBR, ...

· Interference mitigation: e.g., impulsive noise, narrowband interference

·Q: how to intelligently adapt to the unknown and dynamically changing 
environments/situations to optimize the long-term performance?
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Learning-based Underwater CommNetworks
·To intelligently tackle uncertain and dynamically changing environments

·We propose a machine learning-based framework for long-term adaptation

·Domain-specific techniques + machine learning techniques

·Domain-specific techniques (> three decades of research) 

· OFDM, single-carrier, spread spectrum, MIMO, ...

· Pre-processing techniques, channel estimation, equalization, symbol detection ...  

· MAC protocols, routing protocols, ... 

·Machine learning techniques

· Learning for self-awareness and environment-awareness through improving models of the 
system and the underwater environment that are incomplete or inaccurate

· Adapting the communication/networking strategies based on past experiences, observations, 
and interaction with other underwater systems
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