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Abstract. Underwater Optical Wireless Communication (UWOC) stands as a pivotal technology
in the realm of data transmission in challenging aquatic environments. Despite its importance,
UWOC systems grapple with a plethora of interference issues that have the potential to severely
compromise their performance. This abstract delves into the realm of anti-interference
techniques in the domain of UWOC, with a particular focus on the utilization of signal processing
methods. The narrative commences by underscoring the significance of UWOC systems and the
vast array of applications they support, spanning diverse fields such as oceanography,
environmental monitoring, and underwater exploration. This underscores the pressing need for
robust solutions to mitigate the various forms of interference that can hinder effective data
transmission in underwater scenarios. The article proceeds by introducing the various types of
UWOC and delves into their current research status, with a specific emphasis on the ongoing
evolution and emerging trends in the UWOC field. It then provides detailed insights into several
prevalent UWOC positioning methods, outlining their distinct characteristics and the specific
application contexts where they excel. Additionally, the article highlights the existing challenges
and prospects for the future development of UWOC positioning technology, intending to offer
valuable guidance to prospective researchers in this dynamic and critical area of underwater
communication.
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1. Introduction

Nowadays the resources in the land have been fully developed, and it is hard for us to get into the further
step to earn more. More and more countries focus on the development of the ocean. As a key technology,
underwater communication has significant progress during the last half-century. Sound waves as carriers
for underwater transmission of information do have advantages like lower attenuation and long
transmission distance, however, they also show some limits, such as with the short bandwidth, the speed
of the underwater acoustic communication has also been limited at a low level like Kbit/s. Moreover,
the sound signal can also transfer at about 1500 meters per sound in the water, which means that it can
not be used in real-time data transformation. So, researchers put their eyes on the Underwater Optical
Wireless Communication, because this method has higher transfer speed, larger bandwidth, and little
time delay. In some cases, the speed of it can even reach Mbit/s or even Gbit/s. Moreover, from Table
1, it can be seen that compared with traditional RF and UWAC methods, UWOC achieves a balance in
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many aspects and has unique characteristics in bandwidth, short distance communication, frequency
bandwidth, signal attenuation rate, and delay level, making it suitable for specific underwater
communication applications [1]

UWOC positioning technology is the foundation for UWOC systems to achieve target position
capture, motion tracking, and trajectory prediction. Therefore, it is crucial to study UWOC positioning
methods and effectively improve their accuracy. Due to terrestrial wireless communication and
positioning technologies such as global. The Global Positioning System (GPS) and UWAC positioning
technology cannot be directly applied to the UWOC system positioning, therefore, it is necessary to
develop a new positioning solution that can effectively apply to the UWOC system to meet system
requirements.

Table 1. Comparison of Three UWC Technologies. Current Status of Anti-interference Connection in
Underwater Optical Wireless Communication at Home and Abroad

Data RF UWAC UuwocC
Bandwidth MHz 1~100 kHz 150 MHz
Transmission distance <10 m >100 km 10~150 m
Frequency band 30~300 Hz 10~15 kHz 5x10" Hz
Rate of decay 3.5~5 dB/m 0.1~4.0 dB/km 0~11 dB/m
Delay level Lower High Low

In 1995, foreign scholars further analyzed LED-based underwater optical communication and found
that it can reach a rate of 10 Mbps at 20m in theory. The Yale University research team in the United
States developed an underwater optical communication system called AquaOptical II in 2010. The
system uses a 470 nm high-power LED array device and discrete pulse interval modulation to
successfully achieve communication of 2.28 Mbit/s at a distance of 50 meters, which is a breakthrough
development in LED-based underwater optical communication.

In 2004, ANU University built a low-cost LED optical communication system with a transmission
power of 3W and a transmission rate of 57.6Kbps

In 2005, Vasilescu. deng et al. completed an underwater network with a transmission rate of 512Kbps,
and in 2007, built a hybrid distance communication system with a transmission distance of 9 meters and

a data rate of 0.6Mbps under muddy water conditions, [2]

The 2014 Nobel Prize in Physics recognized the contributions of physicists in inventing efficient and
energy-saving blue LED light sources. They have manufactured blue light LEDs on high-quality gallium
nitride crystals, which have high switching response speeds, making LED-based optical communication
technology possible. In 1993, Hideyoshi Nakamura successfully increased the brightness of blue light
LEDs significantly, which began to attract people's attention and opened the door to blue-green
underwater LED communication.

In 2019, JXu et al. from Zhejiang University built a 21-meter system with a data rate of 312Mbps
using a multi-pixel photon counter (MPPC) and a 2-QAM word system. In the same year, they built a
7-meter, 84Mbps system using solar panels as receivers.

2. Research status of UWOC positioning methods

The UWOC positioning method has many advantages compared to traditional underwater acoustic
communication. The propagation of optical signals is very linear, which enables underwater optical
communication positioning systems to provide higher accuracy position information. It is particularly
important for tasks that require accurate measurement of the position of underwater equipment, such as
deep-sea resource exploration and underwater surveying. Moreover, optical signals in underwater
environments are usually not easily affected by the common multipath propagation, acoustic scattering,
and underwater noise in underwater acoustic communication, making them less susceptible to
eavesdropping or interference. In addition, the propagation speed of optical signals is faster than that of
sound waves, so underwater optical communication can provide lower communication delay, which is
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very advantageous for real-time applications such as underwater robot operation. The most important
thing is that optical communication is usually more environmentally friendly in underwater
environments, as it does not have negative impacts on aquatic organisms and ecosystems, while acoustic
communication may cause interference to marine ecology.

2.1. TOA positioning method

To obtain the measured distance d between known and unknown nodes, using TOA ranging technology
requires ensuring clock synchronization. This means that it is necessary to measure the transmission
time difference between the optical signal from the signal generator to the receiver A t. Then multiply it
by the speed v at which the light signal propagates in water, as shown in the following equation (1):

d=v* At (1)

The accuracy of the TOA ranging method requires strict clock synchronization, but in UWOC, the
clock synchronization problem itself has certain difficulties. This difficulty may introduce some errors
into TOA ranging, but relatively speaking, these errors are relatively small, thus achieving high-
precision ranging. The principle of TOA ranging is shown in Figure 1.

Signal generator Signal receiver
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Figure 1. TOA ranging principal diagram

2.2. DTOA positioning method

To overcome the difficulty of dealing with clock synchronization in TOA ranging, we introduced the
TDOA ranging method. In TDOA ranging, we utilize two different types of signals, namely optical and
acoustic, with velocities v1 and v2, respectively. At one end of the signal generator, optical and acoustic
signals with different speeds are simultaneously emitted, denoted by t1 and t2, respectively. When these
two signals are received at the receiver, we can use the following formula to calculate the measurement
distance between the two nodes without considering clock synchronization issues, so we can use formula
(2) to calculate distance using time difference:

d=At*vl *v2/(vl-v2) 2)

Compared to TOA ranging, the TDOA ranging method does not require clock synchronization, but
requires sending two different types of signals, which to some extent increases equipment costs and
energy consumption. The principle of TDOA ranging is shown in Figure 2.
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Figure 2. DTOA ranging principal diagram

2.3. RSS ranging

The RSS ranging method is based on the characteristic of optical signals decaying with increasing
propagation distance in water and is used to measure the distance between unknown nodes and known
nodes. When the transmission power of the optical signal, the attenuation of the optical signal power
received by the receiver, the optical signal parameters, and the relevant parameters of the transmitting
and receiving equipment are known, we can calculate the distance of the optical signal transmission,
that is, the distance between the measurement nodes. According to the attenuation model of light
propagation in water, such as the Beer Lambert channel model [32], the received power Pr of the receiver
can be expressed as the equation (3):

Pr=Pt * It * Ir * exp (- e(A) * D/cos 0) * Arcos0/ 2an*d"2*(1-cos0 0) 3)

In the above formula, Pt represents the transmission power, It represents the optical efficiency of the
signal generator, and Ir represents the optical efficiency of the receiver, A Represents wavelength, e( A)
Is the attenuation coefficient, it is the absorption coefficient( A) A and scattering coefficient( A) The sum
of b, which varies with the type and depth of water. D represents the distance between two nodes
measured using the optical signal model RSS ranging method, 6 Is the ballistic angle between two nodes,
0 0 is the divergence angle of the signal generator, and Ar is the aperture area of the receiver. These
parameters are used to estimate the distance of the RSS ranging method.

The advantage of RSS ranging method is that the transmission and reception of signals only need to
be completed through the communication module of the sensor device itself, without the need for
additional equipment, which reduces network costs. However, underwater light signals are affected by
absorption, scattering, and irregular signal attenuation caused by factors such as aquatic plants,
turbulence, and bubbles. Therefore, compared to TOA and TDOA methods, the accuracy of RSS ranging
is relatively low, and an accurate signal attenuation model is needed to improve ranging accuracy.

3. Research on UWOC Location Method

At present, the relevant literature based on UWAC positioning algorithm is relatively mature and
complete, while there are relatively few related literature based on UWOC positioning algorithm. The
relevant positioning technology is still in the early stage of development, and many aspects are still
incomplete. There is limited research on high-precision positioning, and high-precision positioning
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algorithms are lacking, resulting in relatively lagging development. In [4], a UWOC module scheme
that integrates ranging methods and two-dimensional positioning algorithms was proposed and partially
implemented. By using photodiodes for distance estimation, and then using the detected photodiode's
optical signal strength to calculate the two-dimensional relative position between nodes, this method
significantly overcomes the challenges brought by complex underwater environments and effectively
improves positioning accuracy.

What is more, the [5] In the positioning stage, the article introduces a positioning algorithm based on
laser reception intensity. Unlike traditional received signal strength (RSS) algorithms, this intensity-
based algorithm uses the distribution characteristics of the laser to determine the position of the target
node, without the need for collaborative measurement of signal strength differences between multiple
nodes. This algorithm usually only requires one node to send a laser and locate it by receiving light
intensity. Unlike methods that require multiple nodes to collaborate with each other to measure the
difference in signal strength, this reduces the complexity of communication and collaboration. No
additional hardware devices or nodes are required to assist in positioning, therefore the cost is relatively
low. It may be more suitable in certain underwater environments, especially in waters with good
transparency. Another underwater node localization method is to use the generalized least squares
method. This method first estimates the distance between nodes and then calculates the position of
unknown nodes using the least squares method. Similarly, this method requires anchor nodes with
known positions for distance estimation. This method can be applied to various underwater
environments as it does not rely on specific sensors or signal propagation media. It usually provides
relatively high positioning accuracy, especially when there are many anchor nodes with known position
information.

The method based on light intensity may work better in waters with good transparency, but may be
limited in deeper or less transparent waters. The generalized least squares method can work in different
underwater environments, but usually requires more anchor nodes with known location information to
provide higher accuracy. Therefore, selecting an appropriate positioning method should be considered
based on the specific underwater environment and needs.

Although many related positioning technologies and solutions have been proposed, high-precision
positioning algorithms for complex situations such as harsh underwater environments and moving target
tracking are relatively lacking, and UWOC positioning still faces many difficulties and challenges.

4. The Challenges Faced by UWOC Positioning Technology
Multipath propagation: In underwater optical communication (UWOC) and acoustic communication,
multipath propagation is a common and significant technical challenge. The main reason for this
phenomenon is that sound waves and light in underwater environments propagate through multiple
different paths, leading to the possibility that receiving nodes may simultaneously receive signals from
different paths. This can cause a series of problems, including positioning errors, as well as delay and
distortion of communication signals. Multipath propagation can have a negative impact on the
localization process, as signals from different paths often have different propagation time delays and
their signal strength may also vary. This may cause interference for nodes when calculating their own
positions, as they need to consider signals on these multiple paths. If not properly handled, multipath
propagation may lead to inaccurate positioning results, thereby reducing the accuracy and reliability of
underwater node positioning systems

The variability of the underwater environment: The dynamic and constantly changing underwater
environment is another challenge for UWOC positioning technology. Factors such as temperature,
salinity, water quality, and ocean flow in the underwater environment may change over time and space.
This change makes it difficult to accurately model the propagation characteristics of underwater acoustic
and optical signals, as they are influenced by these environmental parameters. Therefore, the UWOC
positioning system must be able to adapt to these environmental changes to ensure the accuracy and
reliability of positioning. This may require the use of adaptive algorithms and sensors to monitor and
compensate for these changes to improve positioning accuracy.
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Limited energy: Underwater optical sensor nodes use battery devices as their power source, but the
battery power is limited. It is extremely difficult to replace or recharge power devices such as batteries
underwater. Once the batteries fail to supply power, the sensor will end its lifespan and cannot work.
Therefore, researching localization algorithms that reduce energy loss and automatically collect energy
to extend the lifespan of sensor networks is also a top priority for future work.

5. Peroration

This article mainly introduces the advantages and research status of UWOC networks compared to
UWAC and RF, then discusses the types, related research, and difficulties faced by UWOC positioning
technology. Through reading other literature, it was found that the main research achievements of
relevant researchers currently focus on UWAC networks and UWAC based related technologies, while
there are few research achievements on UWOC networks and UWOC based positioning technologies.
At present, there are still many difficulties and challenges, such as environmental changes that make it
difficult to accurately model the propagation characteristics of underwater acoustic and optical signals,
signals from different paths that may interfere with nodes when calculating their own positions, energy
limitations caused by difficult battery replacement of underwater optical sensors, and low dynamic
positioning accuracy caused by node movement. Due to the unique advantages of fast propagation speed
of optical signals, high data transmission rate, and excellent security, applications in underwater military
and commercial systems are more reliable. The underwater positioning of optical signal communication
has better real-time performance in fields such as external intrusion monitoring, target tracking, and
trajectory prediction, which provides a positive driving force for related applications. The development
of UWOC based node positioning technology with higher accuracy, stronger practicality, and wider
applicability for particularly complex underwater environments has broad prospects.
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