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Over 70 percent of the earth’s surface is covered with water, and yet it remains one of the most 

unexplored regimes of scientific discovery. Nonetheless, the curiosity of mankind has driven the 

progress of undersea exploration of the deepest Mariana trench, which reveals fascinating 

underwater creatures and the unprecedented pollution of plastic debris. The insatiable needs of 

crude oil for daily energy needs as well as ever faster on-demand delivery of information have also 

penetrated the sanctuary of seafloor as we continue to lay oil pipelines and 

transatlantic/transpacific optical fiber networks. It is hence essential to establish reliable 

underwater wireless sensor networks (UWSNs) for marine environmental monitoring, ecological 

protection, and scientific research. 

Over past decades, underwater acoustic communication has been the chosen technology in 

UWSNs, as it offers communication over distances of ~kilometers. Efforts in standardization are 

recently underway based on Janus interoperability digital communication protocols. Large scale 

underwater internet-of-things infrastructures were also set up for research based on an open and 

integrated SUNRISE platform. Despite these developments, the data rate (~kbit/s), large latency 

(~seconds) and multipath effects prevent high-capacity and real-time multi-media applications [1]. 

Moreover, acoustic waves may have adverse impact on marine mammals, and the Silent Ocean 

campaign has called for further protection of marine wildlife from noise pollution. 

Alternately, underwater wireless optical communication (UWOC), when operated at moderate 

distances, offers high-bandwidth, low-latency, high-capacity, and real-time applications [1]. An 

early report by Duntley [2] studied the “optical transmission window” of 450–550 nm in 1963, 

while Gilbert et al. [3] performed experimental demonstration in 1966. In the 1970s and 1980s, 

the U.S. Navy, U.S. Defense Advanced Research Project Agency and other government agencies 
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further carried out satellite-to-submarine laser communication experiments [4]. In the advent of 

reliable visible-light diode lasers, which can be modulated based on GHz bandwidth, the physical 

verifications of the data rates and transmission distance for UWOC systems were carried out [5]. 

Since 2004, Woods Hole Oceanographic Institution and Massachusetts Institute of Technology 

have developed various underwater optical modems, sensor nodes, as well as autonomous 

underwater vehicles (AUVs) and conducted field trials in underwater environments, such as 

swimming pool, dock, harbor, lake, river, and ocean [6,7]. Commercial underwater optical 

modems were also developed by Sonardyne and Divecomm. Underwater optical modems are 

expected to perform in point-to-point UWOC and ad hoc networks. The latter requires 

investigations into issues related to channel, network and energy [8]. 

In developing ad hoc UWOC networks, sub-systems (i.e., transmitters, receivers, signal 

processing as well as power allocation and management modules) must be individually optimized 

to cater for the different turbidity and turbulence conditions of underwater channels. The review 

by Tian et al. published in this issue of Progress in Quantum Electronics is timely in consolidating 

and analyzing the various aspects of UWOC development, such as light sources, photodetectors, 

advanced modulation schemes, and underwater channels [9]. In particular, novel optical devices, 

such as superluminescent diodes and micro light-emitting diode arrays, were discussed in addition 

to light-emitting diodes and lasers, which can be used for both narrow beam and broad beam 

communications. For circumventing signal fading and beam wander, aperture averaging schemes 

are typically adopted. Other novel approaches based on large field-of-view detectors, such as 

wavelength-converting scintillating fibers and solar cell receivers, were also highlighted as new 

pathways for reducing the reliance on strict pointing-acquisition-tracking schemes while enabling 

reliable mobility-influenced and self-powered Internet of Underwater Things. Although 

modulation based on orbital angular momentum (OAM) seems promising, channel turbulence and 

turbidity may eventually cause signal loss and time-variant distortions. Further development and 

use of advanced and complex modulation schemes should consider the application scenarios and 

energy consumption. 

At present, the effect of underwater channels on UWOC is usually investigated using laboratory 

testbeds in uniform or turbulent channels. Further physical verification of channel models should 

be conducted using data collected from realistic environment for channel estimation. The data can 

then be used for developing robust UWOC system through simulation [10], and for 
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implementation of adaptive power control and adaptive modulation schemes for managing the 

underwater energy usage and optimizing the communication performance according to the realistic 

underwater channels, respectively. A shared UWOC channel simulation platform with open access 

to the acquired field data will enable cost-effective development of products through simulation 

of different kinds of UWOC channels, e.g. deep and shallow water, horizontal and vertical 

channels, air-to-water channels, as well as fixed and mobile channels. Moreover, standardization 

of communication protocols and software-defined architectures could one day be required for the 

development of prototypes and commercial products, which are prerequisites for promoting the 

rapid industrialization of UWOC. 

For the next generation of smart UWOC systems development, one could expect the deployment 

of swarm AUVs and gliders for ocean observation and networked data transfer. The importance 

of automatic pointing, acquisition, and tracking (PAT) schemes, beam forming, adaptive power 

control, and adaptive modulation will likely be empowered by the continuous development of 

advanced optical transmitters and receiver as Tian et al. have reviewed in their article. 

As the physical layer technologies are improved, development among the Open Systems 

Interconnection layers will soon be required, including data link layer (multiple access schemes 

and link configurations), network layer (routing protocols), transport layer (connectivity and 

reliability), and application layer. It is noteworthy that fully understanding the constraints of 

application layer is necessary to the design of lower layers [11]. For example, to realize satellite-

air-ground-ocean optical wireless communication [8], the construction of satellites or unmanned 

aerial vehicle (UAV)-based water-to-air [12, 13] and water-to-space optical wireless 

communication networks are required. In this case, establishing a reliable and scalable network is 

a relevant consideration. For instance, routing protocols, flow/congestion control, and security 

issues have to be considered and optimized elaborately. Eventually, the optical‒acoustic‒radio-

frequency hybrid UWSN architecture may after all be accepted as one of the feasible solutions. 
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