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Abstract: Underwater wireless optical communication (UWOC) can provide a high-speed and flexible communica-
tion link for underwater platforms. This paper introduces the basic structure of a UWOC link and points out the opti-
mization schemes for a UWOC system. Absorption, scattering, and turbulence will affect the performance of a
UWOC system. A comprehensive study of channel characteristics can guide the design of transmitters, receivers,
and related signal processing technologies. The performance of UWOC can also be optimized by multiplexing
technologies, single-photon detection technologies, and alignment systems. A comprehensive test platform could
provide a necessary test environment for further sea trials and the practical applications of UWOC. The paper is
expected to serve as a guideline for researchers related to UWOC.
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The demand of wireless communication in human underwater activities

Overview: Ocean exploration urgently needs a more flexible and stable way of communication without cables. Un-
derwater wireless optical communication (UWOC) owns strong competitiveness with the features of large capacity,
strong anti-interference ability, and good confidentiality. With such advantages, UWOC has become an important
scientific theme attracting worldwide attention. This paper introduces the recent research progress and basic link struc-
tures of UWOC, including transmitter, receiver, and a challenging channel. Light emitting diode (LED) and laser diode
(LD) are two kinds of light sources commonly used in the UWOC system. LEDs, with a large divergence angle and low
cost, are widely used in short-range UWOC. On the other hand, LDs characterized by highly coherent, directional out-
put and larger bandwidth could realize a longer transmission distance at a higher data rate. For the modulation formats,
on-off keying (OOK) is widely used in the UWOC systems. Other modulation formats are also used to improve the
performance of the system. Channel coding like Reed-Solomon (RS) code, low density parity check (LDPC) code can
maintain a stable communication link. At the receiver of UWOC, the most widely used optical detectors are posi-
tive-intrinsic-negative (PIN) diode and avalanche photodiode (APD). In addition, single photon avalanche diode
(SPAD) and multi-pixel photon counter (MPPC) attract special attention due to ultra-high sensitivity for long-reach
UWOC systems. The absorption, scattering, and turbulence in water lead to serious interference and degradation to the
performance of UWOC. Therefore, a comprehensive study of the UWOC channel is essential for the design of a UWOC
system. For UWOC channel modeling, numerical methods with lower computational complexity, are commonly used.
This paper also explores system optimization schemes for UWOC. Multiplexing technologies, such as orthogonal fre-
quency division multiplexing (OFDM), wavelength division multiplexing (WDM), and orbital angular momentum
(OAM), can enhance the performance of UWOC by making full use of different optical degrees of freedom. The cover-
age of the UWOC link can be extended by using single-photon detectors. The underwater wireless optical network
enables the connection of massive underwater vehicles, submarines, and sensors in a wider area. UWOC could also be
combined with optical fiber communication to realize a longer transmission distance and a more flexible network. Test
platforms are also useful for practical UWOC applications. In the future, UWOC is envisioned to play an increasingly
important role in ocean exploration. This review is expected to be helpful to the researchers in this field.
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