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Abstract: Underwater optical wireless communication (UOWC) has attracted growing interest as a promising 

solution for Gbps-class links in underwater sensor networks, environmental monitoring, and marine robotics. 

Unlike fiber-optic systems, UOWC using visible light must simultaneously cope with severe absorption and 

scattering in water, power limitations of commercially available high-power laser diodes, and the severe 

bandwidth constraints of LED/LD transmitters and photodetectors, whose electrical bandwidth is typically 

limited to several hundred megahertz. These factors make it challenging to achieve both long-distance and 

highdata-rate transmission with practical complexity and cost. 

In this keynote, I will first give an overview of the fundamental principles of UOWC, with emphasis on the 

“reversal” specific to this field, where optical devices are much slower than the associated electronic signal 

processing. I will then introduce our recent experimental work on high-speed UOWC systems, including inverse-

nonlinear (INL) PAM4 modulation for extending transmission distance with high-power visible-light laser diodes, 

redundant-bit-free error reduction based on 2× oversampling and maximum-likelihood sequence estimation 

(with further enhancement by deep neural networks), and asynchronous multiple access schemes using 

diverging beams and code-domain techniques. Finally, I will outline some open research challenges in a national 

project and discuss our future direction toward “Undersea Digital Coherent (UDC, for short)” UOWC, which aims 

at bringing digital coherent technology specifically optimized for the ocean environment. 
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