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Abstract
More than 75% of the Earth surface is covered by water in the form of oceans. The oceans are unexplored and very far-fetched
to investigate due to distinct phenomenal activities in the underwater environment. Underwater wireless communication
(UWC) plays a significant role in observation of marine life, water pollution, oil and gas rig exploration, surveillance of
natural disasters, naval tactical operations for coastal securities and to observe the changes in the underwater environment. In
this regard, the widespread adoption of UWC has become a vital field of study to envisage various military and commercial
applications that have been growing interest to explore the underwater environment for numerous applications. Acoustic,
Optical and RF wireless carriers have been chosen to be used for data transmission in an underwater environment. The internet
of underwater things (IoUT) and next-generation (5G) networks have a great impact on UWC as they support the improvement of the data rate, connectivity, and energy efficiency. In addition to the potential emerging UWC techniques, assisted
by 5G network and improve existing work is also focusing in this study. This survey presents a comprehensive overview of
existing UWC techniques, with possible future directions and recommendations to enable the next generation wireless networking systems in the underwater environment. The current project schemes, applications and deployment of latest amended
UWC techniques are also discussed. The main initiatives and contributions of current wireless communication schemes in
underwater for improving quality of service and quality of energy of the system over long distances are also mentioned.
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Global warming became a prior issue for several decades,
due to the direct involvement of climatic changes [1]. Due to
the continuous rise of global warming in the near future, the
polar ice sheets will melt gradually and contribute to the rising of the sea water level. Hence, it is necessary to observe
oceanic environmental activities, collection of oceanographic data, water sampling and water pollution. In recent
decades, there has been a significant gain in the interest of
studying, changes in the global climate, the exploration of
the oceanic environment monitoring and investigation of the
unguided water environment. The invetigation of underwater
wireless communication (UWC) technique is an attraction to
explore the oceanic environment, that refers to the method
of data transmission in the unexplored water medium [2].
UWC is an innovative approach for underwater communication in modern ages which has been chosen for investigation
and observation of data in the underwater environment [3].
In addition UWC is also used to relay critical information
of earthquakes, seismic and tectonic plates movement data
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early detection warning of a tsunami from an underwater
location. Wireless communication technologies already
became a part of human daily life and are an important field
of research in recent years to envisage. At present, Acoustic,
Optical, and Electromagnetic (in RF ranges) waves wireless
carriers are used to envisage UWC techniques in underwater
applications.
Acoustic waves are the most popular method to achieve
targeting signals in underwater over long distances with
low latency and high spreading delay. Looking back in the
history of acoustic communication, acoustic waves were
introduced through an experimental work by Leonardo da
Vinci in the 15th century. In 1750, the first partial differential equation of motion based on the sound wave was
introduced. The speed of sound in a lake was experimented
by J.D.Colladon [4] in 1826 using optical flash as a reference where the approximate velocity was measured as 1435
m/s. Rayleigh published the entire related work of sound an
underwater medium in 1862. The hydrophones were introduced in the late 18th century to convert underwater sound
energy into an electrical signal and vice versa [4]. In the late
19th century, acoustic waves were proposed with data rates
of 8 kbps in underwater for 20 m depth approximately and
13 km over the water surface [5]. A high speed underwater
acoustic communication (UAC) system was proposed in
2005 that recorded 125 kbp/s data rate using 32-quadrature
amplitude modulation technique (QAM). Furthermore, a
60 kbps UAC system was demonstrated using 32 QAM that
supported communication up to 3 km horizontally and 100
m of depth in underwater.
Electromagnetic (EM) communication was first used in
the early days when radio waves were established [6]. In the
late 19th century, Electromagnetic waves were used through
morse code with voice text over long distances for military
purposes. EM waves propagate differently in the underwater
environment as compared to the terrestrial environment. The
electromagnetic waves propagate in underwater with very
high speed and frequency for short distances [7]. The high
speed and limited parameters of EM waves depend on the
physical constraints of water medium where systems need
to deploy. EM waves in radio frequency (RF) ranges are
capable of high data rate acquisition and transformation in
shallow water over short distances.
Due to limited bandwidth and low data rates of acoustic
and EM waves, an alternative approach is an optical communication that provides high-bandwidth data rate with low
latency and minimum spreading delay in an aquatic medium.
For instances, in 800 BC, the ancient Greeks and Romans
used optical wireless communication through the polished
shield in battles field to deliver messages [8]. In the 1880s,
famous scientist Alexander Graham Bell invented the wireless telephone to send and receive sound up to 210 m based
on optical waves. Heliographs based on optical signaling
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were used for military communication in the late 19th century [9]. During the 1960s, the laser was introduced for optical communication and signal transmission for very long
distances [2]. Due to the large divergence of laser beams, the
fiber optics were investigated in the 1970s [10].
The deployment of these wireless communication techniques, in an unexplored water medium are more challenging as compared to terrestrial wireless communication.
However, the quality of data transmission and reliability
may depend on the physio-chemical properties of the water
environment and the physical characteristic of optical signals [11]. UWC requires more sophisticated communication
devices for obtaining relatively high transmission data rates
for over short distances. It has many distinct features that
it makes correspondingly different from terrestrial wireless
communication [12]. UWC system is difficult process to
deploy, which is mainly influenced by channel characteristics such as the concentration of salt in water, pressure in
the deep sea, temperature fluctuation, light extent, winds
and their effects on waves propagation in the underwater
environment [13].

1.1 Related Survey Articles
Underwater wireless communication networks are becoming profitable in the direction of research and technological
development due to necessarily demand for ocean exploration in terms of minerals, oil, military tactical operations,
environmental and water pollution monitoring [2]. Electromagnetic communication technology is not very efficient
due to large attenuation and losses in the water channel. The
authors [5, 14–16] discussed the implementation of UWC
techniques and its applications. These survey articles provide a complementary platform to explore existing UWC
techniques. A survey article [14] on UWC system, investigated Acoustic, Optical and Electromagnetic waves for
underwater communication and related technical issues are
discussed. Electromagnetic communication technology is
not very efficient due to large attenuation and losses in the
water channel. The authors [5, 14–16] discussed the implementation of UWC techniques and its applications. These
survey articles provide a complementary platform to explore
existing UWC techniques. A survey article [6] investigated
communication technique based on EM waves in sea water.
The authors [6] discussed the limitations and advantages
of EM waves and applications in undersea for military
purposes. A most recent survey work based on underwater
optical wireless communication (UWOC) and related issues
widely spread out in [2]. The authors [15] discussed UWOC
techniques, their comparisons, in related work and a quick
review of different laser sources for supporting of underwater communication. The authors in [17] investigated optical

Recent Advances and Future Directions on Underwater Wireless Communications	

waves propagation in clearest ocean water type with different
wavelengths. The affecting factors such as noise, absorption
and scattering phenomena, a hybrid acoustic-optic system
are also discussed in a comprehensive UWOC survey [15].
The distinct modulation techniques, methods, channel link
and coding techniques of UWOC technology are proposed in
[2]. In a recent survey work [5] of UWOC, where the authors
proposed UWOC communication technologies and comparison with among of UWC techniques. The main focus was
extensively suggested in the article where the underwater
optical sensor network model on a distinct layer was presented in [5, 15].
Acoustic waves reveal lower attenuation and very low
speed over long distances [18]. UWOC technique has high
attenuation but is more reliable over short distance propagation in shallow water [14, 15]. Due to the increasing demand
for UWC in many fields, It is compulsory to establish a
UWC system which includes the sensor networks, hydrophones and base station for signaling data collection and
signal analysis [2]. The UWC system includes communication devices and tools support to minimize the different
noise, multi-path propagation, attenuation and the Doppler
effect [5, 15]. Acoustic, Optical and EM underwater communication technologies a particular direction of research
are widely discussed in [14].
The multiple access techniques suggested along with the
major losses in acoustic and optical propagation in the water
channel are given in [5]. A multi-hop algorithm in UWSNs
proposed in [19]. Hereafter investigated three existing technologies along with the major problems of communication
through UWSNs and deployment has been discussed. The
frequency-based acoustic and RF gateway communicative description mentioned in [7]. In UWC, acoustic wave
propagation disperses with water over a long distance [20].
Spreading of acoustic waves, in underwater by the support
of water natural properties of the channel and its model has
been discussed in [21].

1.2 Motivations and Contributions
Over the last few decades, wireless communication technologies are highly demand to deploy in a particular domain
according to their requirements. Due to the limitation of
terrestrial environmental weather conditions, underwater
communication has been chosen as an alternative methodology to get to know the underwater environment over high
band width and data rates with using distinct wireless techniques. The combined underwater communication emerging
wireless techniques and their applications for the specific
requirement will trigger up the future in a major evolution of UWC. We present the entire possible techniques
of UWC towards the fifth generation according to users
requirements. The comparison among techniques provide

a better possible solution of communication in underwater is also discussed. The descriptions of technical issues
and future direction of deployment to improve all over the
performance of the system is also adhere. Due to increasing of UWC demand and research, many research articles
introduce with practical work and experimental model in
this particular area. UWOC, UWAC and UWRF propagation reviewed in most recent articles [14, 30]. The articles
summarized the information and overview of high-speed
acoustic communication through OFDM techniques [31].
The contributions of this paper are summarized as follows.
• The paper provides a comprehensive survey of contribu-

tion and the latest research project schemes all around
the globe. The survey of current research projects aim
to encourage and development of underwater communication framework along with the future perspectives.
The distinct methodologies to improve the quality and
efficiency of the system and reliable underwater communication are possibly covered by surveyed projects.
• Due to the wide range of applications of UWSNs, the
most typical challenge is to supply power in an underwater
medium. We are contributing the review of energy harvesting system to UWSNs architecture through WPT, SWIPT,
Microbial Fuel-Cell process, and acoustic piezo-electric
method. A hybrid acoustics-optical sensor network (AOUWSNs) and galvanic type of energy harvesting system
technique in an underwater environment is also suggested.
• We anticipate the high data rate and bandwidth range in
the future with the implementation of 5G wireless network candidate. The integral, FBMC and GFDM promising techniques towards 5G networks are also overviewed.
Before the conclusion of this section, we include the
future work and recommendations of 5G wireless network in underwater based on most recent literature on
particular emerging technology.
• We visualize most of the underwater communication
emerging technologies and their applications for both
academic and industrial perspectives that have a great
impact on UWC system. Massive multi-Input-multiOutput (MIMO), Non-Orthogonal Multiple Access
(NOMA), mm-Waves wireless carriers and Internet of
underwater things (IoUTs) enable in underwater wireless
communication play a significant role to the development
and encourage the communication vitality. Moreover, we
include the recommendation and future work of each particular section (Table 1).

1.3 Paper Structure
This paper consists of eleven sections: UWC as an overview
and literature material is discussed in Sect. 2. The current
project schemes, new paradigms, and their contributions are
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Table 1  Existing survey articles and related contribution
Survey article Emerging communication methodology

Communication technique

[2]

Not specified

[5]

Underwater optical wireless networks
(UWONs)
Optical wireless modulation techniques

Underwater optical wireless communica- Possible configuration links for UWOC
tion
Optical signal absorption and scattering
phenomena
Channel modelling
Channel coding
On–off keying modulation (OOK)
Pulse position modulation (PPM)
Digital pulse interval modula-tion(DPIM)
Pulse with modulation (PWM
Underwater optical wireless communica- Optical signal absorption and scattering
tion
phenomena
Underwater optical wireless channel
modeling
Applications of UWONs
On–off keying modulation (OOK)

Time division multiple access (TDMA)
Frequency division multiple access
(FDMA)
Optical code division multiplexing
(OCDM)
Wavelength division multiple access
(WDMA)
Non-orthogonal multiple access
(NOMA)
[22]

[15]

[23]
[20]

[24]

[25]
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Key points

Pulse position modulation (PPM)
Digital pulse interval modulation(DPIM)

Pulse with modulation (PWM)
Affecting factors (Noise and losses)
Channel modulation technique
Underwater optical wireless communica- Point-to-point line of sight (LOS)
tion
Channel coding technique
Light scattering and absorption phenomena
Underwater vehicles
On–off keying modulation (OOK)
Pulse position modulation (PPM)
Digital pulse interval modulation (DPIM)
Pulse with modulation (PWM)
Remotely operated vehicles (ROVs) and
autonomous underwater vehicles (AUVs)
Channel modulator
Underwater optical wireless communica- Line of sight (LOS)
tion
Channel coding
Light absorption and scattering phenomena
Multipath interference and dispersion
Background noise
Not specified
Underwater optical wireless communica- Inherent properties
tion
Line of sight (LOS) link configuration
Underwater sensor networking (UWSNs) Underwater acoustic communication
Unmanned or autonomous underwater
vehicles (UUVs, AUVs)
2D and 3D UWSN communication architecture architecture
Noise and losses
Multicarrier communication (MC)
Underwater acoustic communication
Channel modelling
Orthogonal frequency division multiCode division multiple access (CDMA)
plexing (OFDM)
techniques
Underwater acoustic networks (UWANs) Underwater acoustic communication
Network security for UWAN
Securing UWAN protocols
Classification among of UWAN, MANETs
and WSNs
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Table 1  (continued)
Survey article Emerging communication methodology

Communication technique

Key points

[14]

Multicarrier communication

Communication affecting factors (Noise
and losses)

Not specified

Underwater wireless sensor networks
(UWSNs)
[26]

Underwater wireless sensor communica- Multicarrier communication
tion network (UWSNs)

[27]

Underwater wireless sensor networks
(UWSNs)

Not specified

[28]

Not specified

Internet of underwater things (IoUTs)

[29]

Not specified

Underwater electromagnetic (RF) communication

suggested by Sect. 3. The limited frequency range of electromagnetic communication and main issues during propagation in the underwater medium are widely discussed in
Sect. 4. An exotic overview and future deployment of underwater optical communication with high data transmission is
majorly depicted by Sect. 5. Most widely used communication method of acoustic waves in an aquatic medium and
channel characteristics in nature are summarized in Sect. 6.
Due to preferences and requirement of underwater communication technology, a comparison of underwater communication method is broadly discussed in Sect. 7. To improve
QoS, the UWSNs architecture and necessities have a major
role and explored in Sect. 8. To boost communication network and vitality, the integration of 5G wireless network
support to the underwater communication represented by
Sect. 9. The emerging technologies that support to underwater communication and use to improving data transmission
have a place in Sect. 10. Finally, the entire work concludes
and is summarize by Sect. 11 (Table 2).

2 Underwater Wireless Communication
Overview
UWC is the most challenging and comprehensive technology
for wired and wireless communications. UWC networks are
necessarily important approaches to accessing data in an
unguided water medium of the deep ocean. It has been an
essential field for researchers and among academicians in
recent years. The deployable technologies are advantageous

Doppler effect
Clustering of UWSN, UASN and TWSN
High range coverage scheme through
UWSN
Affecting factors (noise and losses)
UWSNs applications
Affecting factors of UWSNs
Energy harvesting and power saving
methodology
Different energy harvesting technologies
Applications of IoUTs
Application of RF communication in
underwater
Unmanned underwater vehicle (UUV),
unmanned airborne vehicles (UAVs)

to use in oceanographic data analysis, observing water pollution, environment monitoring, and early warning of natural
disasters such as floods and tsunamis. They are also used
to get to know the phenomena of rising water levels in the
oceans. Thus, in UWC we use the three customized existing
approaches available for underwater wireless signal transmission. The first technology is Electromagnetic waves (in
form of Radio Frequencies) that enable a feature of high data
rate over short ranges. Secondly, the Optical signal transmission (OPT) technique in underwater to achieve high bandwidth and data rate, which needs a line attenuating position
during signal propagation over moderate distances. The third
and most widely employable technology is Acoustic waves
use for the longest range of communication. The drawback
of acoustic waves is to achieve low throughput which affects
by large delay spread. This means it leads to severe intersymbol interference (ISI). In above-mentioned technologies,
the most important point is to consider the cost of implementation. The cost of implementation is associated with
required data throughput for a prescribed communication
range and the relative transmission power that might lead
to environmental impacts such as interference with marine
life. In order of increasing depth in the oceans, density and
pressure tend to rise. The upper layer of water is always
denser than the corresponding layer in depth. The physical
properties of optical waves experience reflection, refraction,
and dispersion due to a physio-chemical characteristic of
the channel.
RF mostly used for terrestrial communication, for a quick
response and minimum delay spread. The electromagnetic
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Table 2  Definition of acronyms and notations
Acronym notations

Definition

Acronym notification

Definition

5G
AOP
APD
AUV
BQP
CDOM
D2D
EHF
ELF
ETT
FBMC
FSO
GFDM
HF
IoHT
IOP
IoT
ISI
LED
LMS
LOS
LTE
M2M
MAC
MF
MM-Waves
MIMO
MU-MIMO
NOMA
OFDM
OPT
OWC
PSU
QAM
QoE

Fifth generation wireless network
Apparent optical properties
Avalanche photo diode
Autonomous underwater vehicle
Biological-inspired quantum photo-sensor
Colored division organic matter
Device to device
Extremely high frequency
Extremely low frequency
Equal transmission times
Frequency bank multi-carrier technology
Free space optical
Generalized frequency division multiplexing
High frequency
Internet of health things
Inherent optical properties
Internet of things
Inter-symbol interface
Ligh emitting diode
Least sqaure mean
Line of sight
Long term evolution
Machine to machine
Medium access control
Medium frequency
Millimeter waves
Multiple-input-multiple-output
Multi-user MIMO
Non-orthogonal frequency division multiplexing
Orthogonal frequency division multiplexing
Optical transmission
Optical wireless communication
Practical saline unit
Quadrature amplitude modulation
Quality of energy

QoS
RF
ROV
SISO
SSP
SDN
Tb
ToA

Quality of service
Radio frequency
Remotely operated vehicle
Single-input-single-output
Sound speed profile
Software defined network
Terabyte
Time based arrival

UWAC
UHF
ULF
UUV
UWC
UWOC
UWSN
UWAN
2D and 3D
UWBS
UWON
VLF
VHF
𝜇
𝜆
𝛼(𝜔)
𝜎
𝜖

Underwater wireless acoustic communication
Ultra high frequency
Ultra high frequency
Unmanned underwater vehicle
Underwater wireless communication
Underwater wireless optical communication
Underwater sensor network
Underwater acoustic nodes
Two and three dimensional
Underwater based station
Underwater optical node
Very low frequency
Very high frequency
Water permeability
Wavelength
Attenuation coefficient
Water vonductivity
Water permittivity

waves have high-frequency propagation, high bandwidth,
quick response, and efficient communication among network
nodes which are discussed in [32]. The propagation speed
of EM waves are similar to the speed of light and differently
propagate in water than air because of the affection of water
permittivity and electrical conductivity [33].
A substitutional approach is UWOC, which allows high
latency and data rate over moderate distances as compared
to RF and acoustic waves [34]. Optical waves diffract, absorb
and scattered by the suspended particles in the water channel. Signal absorption, scattering, and reflection are caused
by the turbidity, pressure, temperature and existing suspended material in the water environment [1]. In optical
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signal propagation scattering occurs due to suspended particles and absorption occurs by the physical properties of
the water channel. Due to absorption of optical signals, the
wave energy transforms into heat energy which causes the
rise of chemical vitality of the water channel. Turbid harbor
water causes more scattering, due to collision phenomena
of the optical beam with suspended particles and multiple
reflections of angles [32]. In UWOC, each color has a different frequency range and does not affect the same way [14].
Each color has a different frequency spectrum range over
short distances. The different frequency spectrum ranges
have been shown by Fig. 2. The blue to green colors offer
a great performance of about 10–150 Mbps over 10–100
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Fig. 1  Scenario of existing hybrid dual-hop RF-Acoustic underwater wireless communication link

Fig. 2  Description of electromagnetic spectrum frequency band [54]

m [32]. The optical waves do not propagate with the same
speed in water as in vacuum but accelerate in water medium
exponentially due to attenuation.
One other profitable wireless carrier technique is acoustic waves, which is used most widely in underwater wireless communication for long distances with low bandwidth.
Acoustic waves are produced through the vibration of molecules in an elastic medium. Acoustic waves propagate longitudinally with channel particles through adiabatic compression and expansion. However, propagation towards the
direction of induced vibrations in water medium those travel
horizontally. In underwater, acoustic waves propagate faster
than in air with fewer energy losses. The acoustic waves
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High attenuation over short distances

Requirements

Efficiency
Affected factors

Attenuation

Propagation Speed (m/s)

Dependence of the speed propagation

Achievable data rates

2.255 × 108
Freqency and conductivity dependent (3.5–5
dB/m)
Medium at short ranges
Conductivity of channle
permittivity of channel

1–10 Mbps for 1—2 m
50–100 bps for 200 m
Frequency
Water conductivity
Salinity and temperature

Relatively smooth progression in air-water
channel over a shor distance (Up to 100 m)
Unaffected by pressure gradient RF waves can
propagate in dirty and high turbid water. High
propagation speed
High data rate(Up to 100 mbps)
Low Dpppler shift and propagation delay
Limitation
Shows tolerance with natural properties of
water (salinity, pressure and turbidity),
Does not need line of sight,
Does not affected by sediments and aeration,
High bandwidth over a short distance,
Moderate latency
RF waves can tolerate tidal waves, ambient
noise, man-made noise and human activities
Costly, bulky and High energy consuming
transceiver
Limited propagation range (short link range)
Main characteristics
Cross water-air surface boundary
Reliable communication on targeting range Few meters (Up to 10 m)
Frequency range (Hz)
30–300

Fresh water
Seawater

Types of water for signal propagation

Benefits

RF waves

Main features during signal propagation

Table 3  Description and summary of proposed underwater wireless techniques

Distance and frequency dependent (0.1–4
dB/m)
Medium (Non-multipath)
Pressure
Temperature
Salinity of water channel

1.5–50 kbps for 0.5 km
0.6–3.0 kbps for 28–120 km
Temperature
Salinity
Water depth
1500

Achieve higher data rates
Several meters (Up to 100 m)

Propagates over long distances
Kilometers (Up to 20 km)
10–1000

Highest (Non-trubid)
Absorption
Scattering
Turbidity suspended
Organic matter of channel link

2.255 × 108
0.39 dB/m (Ocean) and 11 dB/m (turbid water)

1012–1015
1 Gbps for 2m
1 Mbps for 25 m
Frequency water turbidity
Chlorophyll concentration
salt ions

Require line of sight
Propagation for short distance,
Suffers from severe absorption and scattering
Moderate link range,
Low latency
Can not cross air-water boundary

Clearest water, Intermediate water and Murkiest
water
Pure ocean water, Coastal ocean water, Clear
ocean water, Turbid harbor and estuary water
Line of sight link
Receiver direction tracking
Subject to marine fouling
High data rate (In Gbps)
Ultra high bandwidth
Low cost and small volume transceiver
Moderate distance propagation (Up to 30 m)

Optical waves

High communication latency
Low data transmission rate(In kbps)
Costly, Bulky and high energy consuming
transceiver
Harmful for marine life,
Strong reflection and attenuation through airwater boundary,
Poor performance in shallow water,
Affected by pressure, turbidity and salinity of
water channel

Doppler estimation and compensation
Latency in communication, Existence of
shadow zones
Widely used in UWC
Low bandwidth (Up to 20 kbps)
Long range propagation (Up to 20 km)

Shallow water
Deep water

Acoustic waves

M. Ali et al.

Medium-high turbidity dependent (0.01 dB/m
for deep ocean and 10 dB/m for shallow water)
Optical excess noise, optical background noise,
photo-detector dark current noise
Low Frequency Dependent (0.05 dB/m at
150 kHz)
Earth quack, rain, bubbles
Noise factors

High Frequency Dependent (5.54 dB/m at
25 kHz)
Man-made noise (motor, water pump, lightning)
Absorption loss

Optical waves
Acoustic waves
RF waves
Main features during signal propagation

Table 3  (continued)
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propagate generally at 1400–1600 m/s in the ocean but travel
at the speed of 340 m/s in the air [32]. Several factors also
affecting the acoustic propagation include scattering, reflection, and absorption of sound waves in the aquatic medium.
Acoustic waves propagation totally depend on the physical channel properties such as pressure, temperature, and
salinity, but during propagation, a huge power loss occurs
due to absorption and scattering phenomena which could
be an effect on the speed of the signal. The advancement of
communication in underwater is the necessity of the establishment and architectural design of USWNs for obtaining proper communication among devices. The fixed and
anchored nodes play an ample role in communication for
detection and collection data from the unseen segment of
river, lakes, and sea. The cluster of UWSNs are represented
by Figs. 1 and 3 (Table 3).

2.1 Availability of Different Waters for UWC
There are different types of waters classified according to
concentrating amount of salt and water densities. The saltwater mostly found in oceans which is quite different from
freshwater reservoirs such as rivers, lakes, and dams. Marine
vegetation, mammals and species are adapted to live in saltwater but several plants could thrive in both types of water
mediums. Generally, ocean water also classified into two
horizontal layer categories where the sound waves consider
highly affected by temperature and pressure between the
upper and lower region. The upper layer has a high temperature, due to direct sunlight than the transitional layer.
The transitional layer called thermocline where the big fall
in temperature rises in increasing depth. Due to falling of
temperature, the speed of sound waves [1].
According to Jerlov [13] the water for communication can
be classified into three main categories according to their
geographical condition i.e, clearest water, intermediate and
murkiest water. Most probably, clearest water could be found
in the Atlantic and Mid-Pacific ocean while the intermediate
water which exists in the Northern Pacific ocean. The murkiest water can be found typically in the North Sea and Eastern
Atlantic ocean. According to the literature [35, 36] and due
to optical inherent properties, seawater has been divided into
four types [14]. These are pure seawater, clear ocean water,
coastal ocean water, turbid harbor and estuary water which
are mentioned in Table 5. During signal propagation absorption and scattering losses occur by different waters. Due to
absorption, the major losses occur in pure seawater whereas
scattering loss due to the higher concentration of particles
in clear ocean water. The high concentration of particles
that affect scattering and absorption in the coastal ocean the
highest concentration of particles fond in turbid harbor and
estuary water.
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Fig. 3  Demonstration of hybrid RF-Optical Underwater wireless communication systems

• Clear ocean water: Clear ocean water has the quality of

concentration and to dissolve organic matters, salts, and
mineral components. Clear ocean water has been dis-

Table 4  Typical values of absorption and scattering coefficient in different water mediums [15, 20, 39, 40]
Description of water for UWC

a(𝜆)

b(𝜆)

bb(𝜆)

c(𝜆)

Pure sea water
Clear ocean water
Coastal ocean water
Turbid harbor water

0.053
0.069
0.088
0.295

0.003
0.08
0.216
1.875

0.0006
0.001
0.0014
0.0076

0.056
0.15
0.305
2.17
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cussed due to its properties and geographical constraints
[15, 37].
• Pure seawater: Optical signals less effective in pure seawater as compare with turbid and coastal waters. Due to
increasing optical signal wavelength, the absorption of
optical signals is the sum of absorption in pure water and
by salt considerably. The wavelength range of optical signal has shown in the frequency spectrum which is nearly
400–700 nm by Fig. 2. In pure seawater, the absorption
coefficient is described in Table 5 [15, 17].

𝛼seawater (𝜆) < K(𝜆) − b(𝜆)∕2,

(1)
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where K denotes the coefficient of diffusion, 𝜆 is wavelength and b represents to scattering coefficient.
• Coastal ocean water: The coastal ocean water is much
robust in comparison to clear ocean water. Coastal ocean
water shows high rate dissolve properties of suspended
particles in it, which cause scattering, absorption cause
of turbidity [5, 38]. Scattering and absorption coefficient
are higher in this type of water that offers less propagation ability through it [15].
• Turbid harbor water: Turbid harbor water has inimical
and high concentration rate of suspended particles. A
high rate of absorption and scattering occur in it as compared to coastal ocean water [5] (Table 4).

environmental impact on ecological system, navigation
and water pollution control [16]. The data transmission
possibilities are communication-based between two corresponding nodes in the underwater environment through
distinct sensor nodes. In UWC a sensor network deploys
for signal transmission. The deployment of configurations
in underwater system consists of fixed and anchored sensor nodes such as floating unmanned under-water vehicle
nodes (UUVs) or AUVs, signal receiver processing towers,
floating buoys, submarines, ship, and onshore base station [14]. The current underwater communication project
schemes are providing future research and innovative track
for underwater communication wirelessly. Most recent
work and contribution of current projects are summarized
in this article as follows.

2.2 Summary

• Most of the underwater communication implies with

The UWC techniques are such methodologies that extract
acquiring the signal from an underwater environment. A
comprehensive research and scope of the above technologies
are mentioned in [14, 15]. In UWAC communication the signal range is higher in order of over tens of km as compared
with optical and RF communication techniques [11, 14–16].
Acoustic waves have poor performance in the propagation
of very long distance where the transmission can be affected
by water turbidity, noise, and other physiochemical properties, especially in the deep ocean. The optical waves have an
excellent propagation performance in clear and clean ocean
water but required line of sight (LOS) between transmitter
and receiver [2]. The propagation of hybrid optical signal
with underwater optical communication has been explained
by Fig. 3. The communication in such critical environmental conditions might be possible through signal propagation
links from the terrestrial base station to satellite, and then
send signals to the floating device or submarine. There are
possibilities to exchange the signal data through RF antennas
located at floating devices or the base station. The possibility of receive signal through the antenna on floating buoy
also use for exchanging information with the terrestrial base
station. In an underwater environment, it is also possible to
deploy different types of signal exchanging devices or communication nodes consisting of the autonomous underwater
vehicle (AUVs) and remotely operated vehicle (ROVs).

3 Current Projects on Underwater Wireless
Communications
UWC plays a significant role that serves most relatively applications, such as in the detection of mineral,
oil and gas sources, coastal security, seismic detection,

the acoustic system, considering radio frequencies for
underwater vehicles cannot comply with the imposed
requisites. The limited range of communication, signal
attenuation is the main factors that influence the transformation of information in the marine environment. Hence,
the requirement of the UnderWorld project scheme is to
re-evaluated by electromagnetic communication throughout UWSNs. UnderWorld project scheme is co-funded by
“Spanish Ministry of Economics and European Regional
Development fund” [41] in the scope of research, development and innovation program focused on the society
challenges in the research framework. The aim of UnderWorld project scheme is to raise the interest of industries,
military functions, environmental operations, and seaport
management, infrastructures are main focal points which
are highly demanding and reliable high rates for encourages to imply the underwater electromagnetic communication instead of acoustic waves propagation cause of
inferior performances. Though, it provides ornamental
monitoring key application for shallow water in remote
sites. The new paradigm in most significant advances
in different fields are considering through this proposed
project scheme, such as new effective communication
antennas and DSP (Digital signal Processing) units. Its
main contributions are respectively, antenna design,
propagation model and further envisioning of UUVs as
communication devices to support system quality and
performances.
• The CORDIS European Commission [42] launched a
new project scheme named Underwater Acoustic Network (UAN) that aim to conceive, developing ocean and
operational concept of submerged, fixed and floating
sensors network. The concept of UAN is mutually environmental information during propagation and predict
the optimal obtainable performance of the system invariant time. The aim of this project is to extract obtainable
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information for communication which has been categorized into two different categories by introducing physical and geometrical constraints and by adapting node
geometrical configuration to the acoustic propagation
conditions predicted from the environmental observations. The UAN project contributes to a multidisciplinary consortium of technologically advanced industries
knowledge experience in this particular sphere.
• The Smart and Networking Underwater Robots in Cooperation Meshes (SWARMs) project scheme launched
and co-funded by “European commission and the Universidad Politecnica Madrid” [43] deals with substantial
issues of underwater robots. The scheme encourages the
number of IoUTs in undersea for proper and easy to connect devices on real-time data streaming. The main aim
of this latest project scheme is to evince the number of
scenarios in which the SWARMs of underwater robots
carry out the solution together.
• The latest project on underwater communication through
“Broadband Wireless Networking Lab (BWNL)” conducted by “Georgia Institute of Technology” [44] aiming communication range of underwater through sensor nodes in civil and military applications that can
retrieve information in the marine environment. The
main research objectives of the underwater project are
to exploring the applicability of the THz band for underwater communication through Ultra-Massive MIMO and
Dynamic Massive MIMO respectively. Another essential
research objective is to design of piezoelectric underwater energy harvesting system. The future of mankind is
depending on careful monitoring control and exploitation
of the marine environment through IoUTs. The combination of IoT can provide the missing effective, pervasive
means to sense and monitoring oceans through UWSNs
and underwater novel robotics technologies that are further discussing by SUNRISE building of IoUTs [45]
and ARCHEOSUb underwater communication projects
schemes [46]. The SUNRISE and ARCHEOSUb project
scheme are governed and partially funded by “University
of Rome La Sapienza Italy”.
• The most recent collaborative, distributed, efficient, ubiquitous and secure data delivery system project (DEUS)
leading by “The University of Houston” [47] using AUVs
which is an emerging field of research studies that support and contributes most of the surveillance and water
monitoring activities in the underwater environment. The
project objectives of DEUS are to providing viable cyber
interconnection scheme that enables distributed, efficient, ubiquitous and secure data delivery from UWSN
to surface station. The suggested viable cyber interconnection scheme features cheap underwater sensor nodes
with energy harvesting capability, a fleet of autonomous
underwater vehicles (AUVs) for information ferrying,

13

advanced magneticinduction (MI) antenna design using
ferrite material, distributed algorithms for efficient data
collection via AUVs, and secure data delivery protocols.
• A new stress wave-based communication method using
a piezoelectric transducer suggested for sub-sea communication investigated by Stress Wave Assisted Communications Sub-sea Environment (SACSE) project
scheme proposed [48]. In this new method, the gathered
data from well-designed sensor nodes in underwater
encodes into modulated stress waves and further utilize
man-made sub-sea structures such as pipelines as robust
conduits for data transmission. SACSE methodology
has a great potential of implementation for succeeding
in deep waterwhere most of the conventional communication methods would face excessive difficulty. Due to
the limitation and parameters of each of underwater communication technology, SHOAL the European Research
Project [49] program will develop an Underwater Mobile
Ad-hoc Network (UMANet) in harsh environmental conditions. An additional feature of the project scheme is the
key impact of communication on marine life especially
for mammals and underwater species (Table 5).

4 Underwater Electromagnetic
Communications and Related Issues
Electromagnetic communication is a synonymous wireless
connection with a high-frequency capacity of data rates and
high propagation velocity in an underwater environment
(Table 6). EM waves are especially used and deployed for a
smooth transition between underwater and terrestrial-based
communication platform [7]. The defined frequency ranges
generally from a few kHz to 1 GHz especially for military
applications [6, 14]. The range would be increased up to
300 GHz if we fully consider to EM waves as in RF ranges
Tables 7 and 8 describe the different nomenclatures of frequency bands and ranges in different water mediums [50].
Electromagnetic waves in RF ranges depend on water constraints such as water conductivity, permittivity and water
permeability of the channel. The characteristic constraints are
shown by (3). Electromagnetic waves easily attenuate by seawater on increasing of the frequency range. RF waves attenuate
in ocean water approximately 169 dB/m for 2.4 GHz bandwidth while this range changes up to 189 dB/m in freshwater.
Thus, to receive high bandwidth data rate, the requirement
of a large size antenna in underwater wireless RF (UWRF)
communication [2]. The different types of antennas are classified and mentioned in a most recent survey based on 5G
wireless networks [4]. In hybrid underwater electromagnetic
communication, radio waves can propagate for a long distance
in conductive seawater on increasing extra low-frequency
range (30Hz–300Hz) which require high transmission and a
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Table 5  Applications of current project schemes and main contributions in underwater wireless communication system network
Current underwater
communication project
schemes

Contributions and key visions

Current underwater
communication project
schemes

Contributions and key visions

UnderWorld [41]

Increasing interest of industries vitality,
military, environmental operations and
seaport management infrastructures
Encourage and Recommend to Electromagnetic communication framework for
shallow water instead of acoustic communication due to worse performances
Aim to setup new paradigm and alternative paths
(1) DSP (digital signal development)
(2) Antenna design
(3) Design of communication system
in low power regime
(4) UUVs development for new paradigm underwater communication
Development of AUVs, ROVs and USVs
to opening new applications and ensuring usability
Increasing autonomy of AUVs and
improving usability of ROVs
Aiming Seabad mapping
Berm building
Observing of chemical pollution
Corrosion prevention in offshore installations
Development and implement of Underwater internet things (IoUTs)
Underwater Robotics technologies
Novel paradigm of software defined open
architecture modem (SDOAM) and
software defined communication stack
(SDCS)
Novel underwater communication technologies and paradigms
Development of low cost AUVs
Real time communication multimedia data

CORODIS [42]

Aim to conceiving, developing and testing
submerged and aerial sensors network
Minimizing response delay and optimization of acoustic communication vitality
Point-point connection
Macro network configuration by adapting
node geometric configuration

BWNL [44]

Ultra-massive MIMO
Dynamic massive MIMO
Design and development of physically reconfigurable and electronically tunable
multi-frequency antennas
Design of piezoelectric underwater harvesting system

DEUS [47]

Viable cyber interconnection scheme
Advance magnetic-induction (MI) antenna
design
AUV design and development of IoUTs

SHOAL [49]

Underwater mobile Ad-hoc network
(UMANet)
Reduce time delay due to acoustic propagation
Power consumption of modems
The high level of bit error rate

SWARMs [43]

SUNRISE [45]

ARCHEOSUb [46]

Table 6  Electromagnetic
frequency band specification by
international telecommunication
union [50]

Frequency (Hz)

𝜆 (m)

30–300

107 −106

300–3 × 10

Description

ELF

Extremely low frequency

5

VF

Voice frequency

4

10 –10

3

Band notation

6

3–30 × 10

10 –10

VLF

Very low frequency

30–300 × 103

104–103

LF

Low frequency

300 × 103–3 × 106

103–100
100–10

MF

Medium frequency

HF

High frequency

30 × 106–300 × 106

10–1

VHF

Very high frequency

300 × 106–3000 × 106

0.1–10−2

UHF

Ultra-high frequency

3 × 10 –30 × 10

−3

10 –10

SHF

Super-high frequency

−6

EHF

Extremely high frequency

3

5

3 × 10 –30 × 10
6

6

9

9

−2

30 × 10 –300 × 10
9

9

10 –10
−3
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Table 7  Bandwidth scenario
of RF signal propagation over
particular ranges in different
water mediums

Propagation range

RF in seawater

RF in freshwater

RF applications in underwater

Less than 1 m
Up to 10 m
Up to 50 m
Up to 200 m
Up to 2 km
Up to 10 km

Up to 100 Mbps
100 kbps
5 kbps
100 kbps
10 bps
1 bps

Up to 100 mbps
1 Mbps
100 kbps
1 kbps
10 bps
1 bps

AUV dockling and wireless connectors
AUV data download from sensor networks
Sensors network, diver comms
Sensor networks, AUV control
Deep water telemetry
Deep water telemetry

Table 8  Possible bandwidth and data rates over different ranges in
acoustic link [15]
Classified propaga- Possible
tion distance
range (km)

Maximum bandwidth (kHz)

Possible
data rate
(kbps)

Very sort
short
Medium
Long
Very long

> 100
20 to 50
Up to 10
2–5
<1

500
30
10
5
600

< 0.1
0.1–1
1–10
10–100
> 1000

large antenna [20]. The Electromagnetic waves are used for
communication within a limited range in between underwater and terrestrial-based locations. The RF waves propagation speed is depending on frequency (f) and wavelength (𝜆).
It is more comprehensible to describe a wave or sinusoidal
through wavelength or frequency. Both of the wave properties
are inversely proportional to each other and related through the
speed of light. The relationship of frequency and wavelength
in a vacuum is shown in the following (2)
(2)
where c is the speed of light (m / s) and product of both the
properties, while frequency f (kHz) is inversely proportional
to the wavelength 𝜆(m) .
EM waves frequency range from MHz to GHz perform work
efficiently between underwater communication link with a terrestrial transceiver which is known as hybrid communication.
EM waves propagation setup deploy for shallow water over to
the tens of meter which is called by RF buoyant communication [15]. RF waves propagate in water for several distances,
and can cross the air-water layer (surface boundary layer) to
reach at the floor in shallow water [6]. In terms of physical
phenomena, the possibilities of signaling among devices such
as mobile, TV and satellite are high, but the ocean water offers
high conductance which could be affected seriously by the
propagation of electromagnetic waves. Thus, there are fewer
possibilities available to establish RF communication for longdistance in the underwater environment with ultra-high frequency, very high frequency ranges (VHF and UHF) or even
in high frequencies as given in Table 7. Even, the electromagnetic-waves attenuation in terrestrial communication could be

c = f 𝜆,
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considered as low enough to allow for expected communications over several kilometers, unfortunately the ranges of these
frequencies from 3 Hz to 3 kHz and from 3 to 30 kHz are not
wide enough to enable transmissions at high data rates used in
naval and environmental application for communication [51,
52]. Thus the use of these frequencies has multiple paths for
an increase of signal propagation distance in shallow water
and the signal transition from submerged nodes to onshore
station [53]. In this process, the signals travel to the seabed
with high attenuation than air. In RF signal propagation the
Doppler effect also suffers.
The process of RF signal propagation depends on weather
and channel environmental conditions, also its biophysical
properties in terms of conductivity, salinity, temperature, and
frequency [21]. In seawater, the average value of conductivity
is approximately 4 mhos/m which is doubled in the magnitude
of conductivity in fresh water [15]. The (3) has a description
of water permeability in fresh and clean seawater.
√
𝛼(f ) = 𝜋𝜎𝜇0 f ,
(3)
where the RF frequency denoted by f in Hz and 𝜎 represent the conductivity of water. The vacuum permeability is
denoted by 𝜇0 ≡ 4 𝜋 ×10−7 H/m. The value of 𝜇0 is almost
same in fresh and sea water [14]. The distinct value of conductivity shows the relevance of salinity in the propagation
of the RF signal. The main facet which could be considered
for the underwater wireless channel in RF transmission is
water salinity. A wireless channel model for RF transmission in the saline water described by a typical channel model
transfer function [14, 21].
(4)
where H0 describes the DC channel gain and 𝜃 (f) denoted
the phase of the channel, the distance between transmitter
and receiver is denoted by d. Due to a specified fixed frequency, the response of channel magnitude exponentially
decreases with the increase of distance. Lower frequency
ranges, the attenuation of ocean water is always higher than
that of freshwater. For all lower frequencies and distances
lead to less attenuation which can be calculated by (4). For
the plane wave model spreading losses could not be considered. But if we consider the spherical wave model, the attenuation losses are more noticeable and spreading losses due to

H(f ) = H0 exp(−𝛼(f )d) exp(−j)𝜃(f ) ,
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the high conductivity of the channel. At first, the attenuation
increases exponentially with respect to signal propagation.
Secondly, there is a proportional increment with respect to
propagation distance. In UWRF communication, the short
propagation distances can be useful in some specific applications, such as the data transfer process among devices in
shallow water, without any wired source.

4.1 RF transducer
Transducer are those appliance that are capable to convert
analog data into electrical signals or vice-verse in open
air-wireless communication through an antenna [14]. In
EM wave propagation, if frequency range changes ELF to
VLF, there is a requirement for large size receiving antenna
for properly embedded operation for underwater wireless
communication.

4.2 Literature Review of EM Waves Underwater
Communication
In early ages, EM communication was used on terrestrial
base over a long distances and the investigation was the crucial stepping stone for research. The EM frequency range
(30 Hz to 300 Hz extremely low frequency) enabled for the
submarine to transmit of few characters per minute in underwater environment [6, 55]. Ahmed at el [7] experimentally
discussed the similar work of EM waves propagation in seawater. Shaneyfelt at el experimented the workflow of EM
communication between the water surface and underwater
through robotics swarms [56]. EM waves have distinct propagating phenomena in underwater with the comparison of
acoustic and optical waves. EM communication in shallow
water can be easily affected by attenuation and a possible
solution to use and deployed unmanned vehicles (UUVs) or
remotely operating vehicle (ROVs) [57]. The UWSNs play
an essential role and tightly structured design for efficient
communication which has been surveyed on medium access
control (MAC) basis [58].

4.3 Affecting factors of Electromagnetic
Communication in Underwater environment
EM communication possibly affects by several factors
depending on water channel properties or by the marine
environment such as fixed limited bandwidth, power
resources, harsh water channel conditions, turbidity and by
various types of noises, in underwater ambient conditions.
• Multi-path propagation: The most influential phenom-

ena of EM waves propagation from air to water has been
taken into an account that affects the signal propagation

performances. The refraction angle and losses also considered in RF signaling.
	  The obtuse refractive angle allows high permittivity
to launch signals which would be approximately parallel
with the water surface Fig. 6. As a result, communication possible through the requirement of AUVs or UUVs
node to floating buoy in deep water. The same development of patching devices in the deep sea among sensor
network [53]. Electromagnetic waves propagate in a single path with the least resistance and prevail to use for
long-range in deep seawater. The multi-path propagation
of EM waves could be an advantage for signal transmission in shallow water [53].
• Antenna: The large antennas size required for RF propagation terrestrial to underwater communication. The
magnetic types of antennas are the most compact practical solution that has been discussed in [53]. For being
consideration, an electrical dipole antenna type for lateral
electromagnetic waves mentioned in the relevant article.

4.4 Future Directions
RF communication offers a great prospective aspects for
UWC that permit to explore the forbidden field of ocean and
underwater environment. Electromagnetic signaling enables
to lower distance signal propagation that was unaffected by
harsh conditions and noises in shallow water. The intention
of deployment RF communication for acquiring high bandwidth data rates along with the possibilities to eliminates
the challenges in shallow and congested water. Extremely
low frequencies (ELF) cover long distances while the high
frequency (HF) has high attenuation cause of losses. The utilization of ultra-high frequency (ULF) to medium frequency
(ME) ranges as future aspect and widely discussed in [53].
Electromagnetic waves used for a limited range of underwater communication that could be improved and implement to long range in deep ocean through specific design
of antennas. EM communication technological scheme in
underwater would be considered of antenna design, transmitting power, bandwidth, and noise as major factors to resolve.

4.5 Summary
Underwater RF communication has limited applications
especially for military uses. On exploration of electromagnetic waves which coupled with digital technology and
signal compression technique. It has many assets that form
an appropriate niche for underwater utilization. UWSNs
are deployed for convenient communication monitoring
for coastal erosion and undersea activities through electromagnetic waves. RF-based communication used on physical layer because they offer distinct utilities as compared to
optical and acoustic types communication.
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5 Underwater Optical Communications
and Related Issues
UWOC is an alternative approachable technology which
refers to transmitting data in a water medium. This means
the wireless carrier that can propagate with extremely high
frequency (EHF) along with very high data rate and bandwidth over tens of meters in an underwater environment.
UWOC has many distinct properties during propagation at
different frequencies over different ranges with dissimilar
water medium [5]. The seawater offers a conductor property for EM propagation and required large antenna size and
energyconsuming transceivers also suffer high attenuation in
seawater while the seawater offers dielectric properties for
optical signal transmission [8, 14]. The seawater changes
its property conductor to dielectric at the frequency range
around 250 GHz. Thus, Optical communication is leading
technology to build a communication link in underwater but
it might be affected by scattering, dispersion, lack of line of
sight (LOS), changing in temperature, and by physiochemical properties of the channel.
The number of growth of human activities through
UWSNs, ROVs, and AUVs to explore the underwater environment. Hence, the necessity of reliable and relatively
mature visible light communication (VLC) required [59].
Underwater visible light communications (UVLC) especially useful for the military and industrial purposes [60].
Therefore, VLC possibly considers as a high speed communication network candidate in future. The widespread
benefit of VLC to provide a necessary communication in
terms of lighthouse and beacons [61]. Swimmers and divers
in deep underwater use to hand signals and writing-boards to
communicate where the light as a signal should to use. The
VLC use for signaling and data transfer through the light
emitting diode (LEDs). The lightemitting diode (LED) based
luminaries can be modulated at high speed and consider to
obtain high data rates in underwater. Laser diodes are the
best unique option to achieve more than 10 Gb/s data rate
over long distances [62]. Underwater optical signal propagation is used for moderate distances due to sever absorption
and backscattering by discontinuous particles. The optical
propagation has low attenuation of bluegreen wavelength
(450–550 nm) on EM spectrum, this means the lower attenuation of blue-green window sources has to improve the
detectors Fig. 2. The blue-green color optical signal window
has lower propagation attenuation and this shows to improving blue-green sources [39, 63].
The implementation performance of VLC in underwater
acquire high data rate than underwater acoustic communication. UWOC technique allows high data rates as compared to
RF communication through a dielectric medium where the
range of propagation limited to tens of meters [64]. The light
speed might be around four to five times higher in magnitude
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than propagation speed of acoustic waves in aquatic medium
[14]. The comparison among these technologies are mentioned in Table 10, according to the specific requirement of
signal propagation. The negotiation of the Doppler effect is
profitable in optical wireless communications. The signal
propagation distance totally depends on the frequency range.
The requirement of LOS in optical communication between
transmitter and receiver which maintain the direction of
tracking of communication link [65].

5.1 Existing Work of Underwater Optical
Communication
In the very early ages of optical signaling, used of smoke,
beacon fires, torches and sunlight were introduced. The signaling through heliographs used as an instrument, those were
the combination of a pair of two mirrors which is used directly
to control to the beam of light during day while kerosene fire
used to transmit signal at night. In the late 19th century, Graham Bell invented photo-phone which was used to transmit
voice signals through optical signal over 200 m approximately. In the 1960s a survey work on lasers as communication was published where He-Ne laser at 632.8 nm of wavelength introduced over 30-40 km [10]. The freespace optical
communication (FSO) technology introduced late in the 19th
century where the fiber optical links were not feasible. FSO
technique used to transmit high data rate over several kilometers between two corresponding points. A wide discussion of
FSO has been summarized in most recent survey article [2, 3].
The significant researches have been introduced and improved
for FSO system performance since the last decade and current
prediction expects the commercially use of FSO which will
rise up to twice by 2018. FSO links are used to very high data
transmission rate while terrestrial optical wireless communication (OWC) are available to use up to 10 Gbps data rates [3].

5.2 Optical Signal Propagation in Underwater
Communication
To deploy UWOC technology in underwater is tough and
challenging as per the requirement of water condition (shallow to deep water). The channel properties vary with different geographical conditions and constraints of dissolve
interrupted matters in the propagative medium. According to
the environmental conditions, the seawater has been categorized into two specific featured categories which affect the
optical propagation in the water channel. These featured categories are respectively the inherent optical properties (IOP)
and apparent optical properties (AOP). IOP is the medium
dependent only while AOP is light source dependent [66].
IOP are more reliable and relevant for underwater wireless
communication. In IOP spectral absorptive coefficient and
volume scattering function are the two main factors to be
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shown in Fig. 4. If the input beam of light has a strength of
Pi with 𝜆 wavelength. The small fraction of incident beam
absorbed ( Pa ) by the water element and scattered beam
denoted by Ps . The unaffected result Pc passing through the
water element whose volume is 𝛿 V and thickness 𝛿 r respectively. According to the energy conservation law, it can be
described as
Fig. 4  Inherent optical properties cause scattering and absorption
during underwater optical communication [5, 15]

considered, the cause of absorption and scattering phenomena [35]. The absorption phenomena that conversion of
optical signals into heat energy that absorbed by suspended
particles. The absorption occurs at chlorophyll in phytoplankton at colored dissolved organic matter (CDOM), in
water molecules at dissolved salts in water [66]. The photons
change their direction due to scattering. The possibility of
scattering may be originated by salt- ions in pure water or
by particulate matter [66]. The absorption a(𝜆) and scattering b(𝜆) parameters are mentioned in Table 5 c(𝜆) and bb(𝜆)
parameters showing in Table 5 [67]. Due to the energy loss
in absorption and scattering defined as an attenuation of the
optical signal which has been described as [68, 69].
(5)
where I0 and I are the light intensities at the transmitter
and receiver ends, the distance apart of transmitter and
receiver denoted by d. The whole procedure defined in [35,
68]. Through (5), the spectral absorption coefficient a(𝜆 )
and scattering coefficient b(𝜆 ) are denoted and mentioned
numerically by Table 5.

I = I0 exp−c(𝜆)d ,

5.3 Technical Issues in Underwater Optical
Communication
In UWC many sources are responsible for noise as they
affect to optical signal propagation. The different types of
noises occur in underwater communication. The quantum
noise occurs due to random variation of received photons on
the optical receiver. The optical excess noise is caused due to
the imperfection of the transmitter. The optical background
noise and photo-detector dark current noise occur due to
the optical environment and electrical current leakage from
photodetector. Scattering and absorption phenomena also
affect optical signal propagation in UWC.
• Scattering and absorption of optical waves in UWC

Absorption and scattering are the two crucial effects that
affect the propagation of optical waves in underwater. We
can understand the simple phenomena of these two factors
by the geometrical model of a water element that has been

(6)
The absorbance and scatterance factors A and B define as
the ratio of absorbed power to the incident power and scattered power to the incident power respectively and described
by (7) and (8) [2, 15].

Pi (𝜆) = Pa (𝜆) + Ps (𝜆) + Pc (𝜆),

A(𝜆) =Pa (𝜆)∕Pi (𝜆),

(7)

(8)
where Pa, Pi are the absorbed and incident powers while Ps ,
Pc are the scattering power and resultant power respectively.
The coefficient of absorption and scattering are too small
also 𝛿 r becomes infinitesimally small as describe in [2, 15].

B(𝜆) =Ps (𝜆)∕Pi (𝜆),

a(𝜆) = lim [𝛿A(𝜆)∕𝛿(r)] = dA(𝜆)∕dr,

(9)

b(𝜆) = lim [𝛿B(𝜆)∕𝛿(r)] = dB(𝜆)∕dr,

(10)

𝛿(r)→0

𝛿(r)→0

The overall attenuation of coefficient c(𝜆) is represented by
(11). The numerical values of c𝜆 in different waters mentioned in Table (5).

c(𝜆) = a(𝜆) + b(𝜆),

(11)

5.4 Optical Transducer
The optical transducers are generally designed for transformation of the optical signal into electrical signals and
fixed on a well-defined coordinates in underwater as a sensor
at the receiver end. Optical transducer transforms signals
through an actuator at the transmitter end [13]. Optical transducers are also constructed to generate optical signals from
electrical bodes that composed of optical source in the form
of a beam. Optical transducers perceive optical signals and
transform into an electrical signal, which composes to optics
collection detector.

5.5 Optical Transmitter
The optical transmitter may be a laser type or a lightemitting
diode. The laser technological sources are different types of
lasers which use according to the requirement. The use of
the argon-ion lasers are more suitable which converts the
electrical signals to optical signals [13]. The other technology could be used in UWC called as laser modulators, where
the data rate is low and propagation range is longer [14].
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As compared to laser, the optical sources are cheaper but
used for short range [67]. In laser optical sources an array of
LEDs which could be designed in the hexagonal type of pyramid shape [67] where one lens apply on each LED. Every
single LED has an output signal direction and composing
the switched beam steering mechanism on the transmitter.

5.6 Optical Receiver
Receivers are the combines and compose of all detectors for
collection of optics [14]. The collection of optics focused
on one lens to detect. The detector is inbuilt with the photosensor where the optical signals convert into an electrical signal for analysis. The main function of the transducer
to receive all collected maximum quantity of photons. For
improving the performance of the system, a photo-sensor
should be low cost, small in size, robust and power efficient
[70]. Currently, the different type of photo-sensors are called
as photoresistors, photo-thyristors, photo-transistors, photomultiplier tube, avalanche photo-diode (APD), p-n photodiodes, a photon detector, semiconductor, photo-sensors and
biologicallyinspired quantum photo-sensors (BQP) [14, 70]

5.7 Future Directions
The utilization of OWC technique in underwater with high
frequencies open doors of new opportunities in the future.
It allows transmitting data at high speed. In broadening
approach of UWOC the system performance and efficiency
could improve. The UWSNs are highly recommended for
high energy and bandwidth signal transmission through optical signal between sensor nodes and base station through
AUVs and ROVs. Thus, the large scale promising research
required for developing more advanced and low-cost lightemitting receiving sources. FSO system also applicable,
some applications are available for the terrestrial link with
high data transmission rate approximately 10 Gbps. Due to
low-cost, low capacity of power consumption and highly
compatible optical network find applications in a heterogeneous network system. An acoustic-optic hybrid communication system is capable to provide high data transmission
through assisted robotic sensor networks.

5.8 Summary
UWOC support high data rates over moderate distance with
low latency. However aquatic medium poses many challenges for UWOC which entail high-frequency data transmission and receiving through submerged UUVs devices.
UWOC suffers distinct losses and diffraction in the underwater channel. The most countable losses are scattering and
absorption due to suspended particles in underwater. The
temperature and pressure are physiochemical properties of
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Fig. 5  Acoustic waves speed profile due to pressure and temperature
in different depth [11]

water that resists optical propagation in underwater. The different techniques to improve propagation and performance
has been discussed entirely and corresponding references
[5, 9, 15].

6 Underwater Acoustic Communications
and Related Issues
Underwater wireless acoustic communication (UWAC)
is an ambitious and challenging technology to deploy in
underwater. It is an alternative communication media to use
UWC for approaching the high range of distance while the
RF and optical communication technologies have a limited
range of propagation those affected by strong attenuation and
water turbidity [2]. Acoustic waves propagate with low frequency, bandwidth and low speed around 1500 m/s. Acoustic waves propagate very fast in normal warm water than in
cold water. Generally, the speed of acoustic waves increases
approximately 4 m/s on rising 1 °C of temperature in water.
Although an effective phenomenon of increasing the speed
of acoustic waves on rising salinity of 1 practical salinity
unit (PSU), an extremely increment in the speed of acoustic wave approximately 1.4 m/s. Approaching high depth in
water, the acoustic waves speed also increases around 17
m/s per kilometer where the pressure and temperature also
increase. In Fig. 5 the assessed collected data for roughly
estimation and quality of wave propagation mentioned [11,
32].
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6.1 Existing Work of Underwater Acoustic
Communications
UWAC is a specific area of research that has witnessed major
advantages over the past few decades. Rapid evolution and
expansion of UWAC make conceivable use and implementation of signal processing and experimental demonstration of
their performance in the water channel.
Acoustic waves are not enough to achieve high bandwidth signals in underwater but use for long-distance
communication. Acoustic waves categorized on signal
propagation distance basis as very short, short, medium,
long and very long distances mentioned in Table 9 [15].
An acoustic propagation model and statically characterization have been discussed [71]. The speed of propagation is
depending on the mechanical and electromagnetic properties of the channel. However, Electromagnetic waves can
propagate through the air as the almost speed of light in
vacuum. The related details mentioned in Table 4. The
EM waves propagate five times higher in magnitude larger
than the propagation speed of acoustic waves in water. EM
waves are the most suitable communication technology
for communication for few meters in shallow water. An
acoustic model has been discussed based on sound speed
profile (SSP) in underwater communication environments
with depth up to 1000 m [71].

c = 1448.96 + 4.591T − 0.591T − 0.05304T

2

+ 2.374 ∗ 10−4 T 3 + 1.340(S − 35) + 0.0163z
+ 1.67 ∗ 10−7 z2 ] − 0.01025T(S − 35)

(12)

− 7.139 ∗ 10−13 T(z3 ),
where T denotes channel temperature, S represents the salinity of water and the depth of water denotes by z. Another
model for SSP for all depth of water mentioned in [12]. As
a result, the acoustic waves speed is a function of channel
temperature, depth, and salinity of water [37]. Due to rise
in temperature, salinity and depth the acoustic wave speed
will also increase.
Due to the depth consideration, the underwater environment is classified into two main categories as shallow
and deep water [72]. The two classes are hypsometric and
acoustic respectively. In the hypsometric category the shallow water is located on the continental shelf, and the depth
of water lower than 200 m but in the sea the depth of water
column more than 2000 m. In acoustic signal transmission,
the waves experienced as a reflection from the sea bottom
to water surface before their detection by the receiver, while
in deep water it is not necessarily a reflection of a wave
from the sea bottom. The main concern in acoustic wave
propagation is signal power loss. There are different types of
power losses in acoustic wave propagation such as spreading

loss, scattering loss and absorption loss respectively [5, 14].
Spreading loss is considered and modeled as cylindrical for
long distance where the propagation bounds by sea surface
and floor, due to distance increment the wave surface model
may be considered as spherical or cylindrical. The loss of
energy happens due to spreading the signal over a large
water surface area. Spreading considered as cylindrical for
shallow water and spherical for deep seawater.
The loss of energy during transmission of the acoustic
wave is converted into another form of energy and absorbed
by the medium. The higher possibility of conversion waves
into heat energy is due to high frequencies with large absorption losses. Similarly, longer propagation ranges lead to
higher absorption losses [73]. Acoustic waves propagation
range based algorithms are time, signal strength and angle
dependent [5]. Most of the algorithms are time-based (ToA)
and time difference of arrival techniques (TDoA) based suggested in [74].
Absorption loss is the signal frequency dependent which
can be expressed as [11].

𝛼(f ) = [(A1 P1 f1 f 2 )∕(f12 + f 2 )]
+ [(A2 P2 f2 f 2 )∕(f22 + f 2 )]

(13)

2

+ (A3 P3 f ),
where 𝛼 (f) is absorption coefficient, which the sum of
absorptivity by seawater and the chemical relaxation in [30,
75]. The first two terms in 13 are a contribution by boric acid
and magnesium sulphate [11, 30] and last term is the contribution of pure water. Where P1, P2 and P3 are the pressure
intensities while A1, A2 , A3 are the constants respectively.
Scattering loss occurs due to obstacles during acoustic
wave propagation. These obstacles may be caused by sea
surface or sea floor and existing objects in the water either
fixed or flexible. Both spreading and absorption losses phenomena contribute path loss, which explained as a simplified
model expressed in dB as [73, 76].

10 log A(l, f ) = 10 log A0 + 10k log l
+ l ∗ 10 log a(f , S, T, c, p, H, z),

(14)

where l is the distance (in m) of propagation range between
transmitter and receiver, f frequency (kHz), k denotes the
spreading factor. The value of k = 1 for cylindrical spreading, for spherical spreading k = 2 and k = 1.5 for practical
spreading [73]. Log A0 is called normalizing factor which
is the inverse of transmitted power. The variables are representing the attenuation coefficient (in dB/m), they depend
on environmental conditions [76]. The variable f represents
frequency (in kHz), S shows salinity (in ppt), temperature
shows by T (in ° C), and c is the speed of acoustic wave
propagation (in m/s), z and H are showing the depth of water

13

M. Ali et al.

(in m). Path losses increase when frequency and distance
between transmitter and receiver increases.

6.2 Acoustic Transducer
Acoustic transducers are the devices that transform electrical
signals into the sound signal or vice versa. The conversion
entailing electrical signals to sound waves through transmitter and sound to electrical signal throughout the receiver.
A transmitter is known as a projector or source while the
receiver is known as hydrophones in underwater acoustic
communication. Generally, the acoustic transducers have
functioned as transmitter and receiver as modems. The
modems specially used and designed for underwater communication system those mount with the floating devices
such as buoy or boat. Transmitter or sources are generally
Omni-directional or hemispherical, but the hydrophones
(receivers) can be directional or omnidirectional [14]. When
the properly combined array of the signal acquired several
omnidirectional receivers (hydrophones) can compose an
array for high probability to improve the performance of the
system. Most commonly, the transducers are piezoelectric a
magnetostrictive type [71].

6.3 Technical Issues in Underwater Wireless
Acoustic Communication
• Absorption: This is a process of wave absorption and

conversion into heat due to intrinsic properties of the
water medium. The diminishing energy of acoustic
waves by signal propagation in water suffer absorption
and directly has an effect on frequency. Thus absorption
depends on signal frequency. In (15) the absorption coefficient can be calculated in underwater.

𝛼 = 0.016[(f1 f 2 )∕(f12 + f 2 ) exp(pH−8)∕0.56 ]
+ 0.52[1 + (T∕43)(S∕35)(f2 f 2 )∕(f22 + f 2 ) exp(−z∕6) ]
+ 0.00049f 2 exp−(T∕27)+(z∕17) ,

(15)
Where 𝛼 represents the attenuation in dB/km while f is the
frequency in kHz, z is the depth in km. T is the temperature in
degree centigrade and salinity S in ppt. The first and second
terms are chemical and boric acid, the last term is magnesium sulfate and pure water contribution respectively [1].
In underwater communication, noises are classified
in terms of external interference [77]. There are various
sources of ambient noise in deep water at the specific frequency range, the influences of each source are differently
dependent. For more specification f < 10 Hz responsible for earthquakes, turbulence in the ocean, atmospheric
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storms, and underwater Volcano eruptions are the main
sources of noise. For frequency ranges 10 < f < 100 Hz
responsible for traffic of distant shipping. The frequency
range 100 Hz < f < 100 kHz responsible for the wind speed
on the sea surface. For f > 100 kHz is the main issue and
responsible for thermal noise. An external interference
includes mammals, ice cracking, etc. They also produce
acoustic waves whose frequencies are in a sub-range of
100 Hz < f < 200 kHz, causing to rise in interference in the
received signal. These noise properties depend on frequency
propagation in ocean area and maybe intermittent [78].
In underwater acoustic communication, the main issues
which influence the communication include noise, path, and
multi-path losses, Doppler spread, high and variable propagation delay. All above these losses and factors determine
the temporal and spatial variability of the acoustic channel
which also affects the range, frequency, and bandwidth. The
band-width needs few kHz for several tens of kilometers
while for short-range it may be more than a hundred kHz.
These factors lead to low bit rates in both of the conditions.
Acoustic nodes are power consuming, bulky and expensive
[79]. Underwater acoustic wireless sensor networks (UAWSNs) are costeffective and creating a large scale demand
of cost to establish and inefficiency of power batteries to
replacing which makes it more problematic [5].
The different types of noise and losses occur in shallow
and deep water. Losses are the main factors occur during
propagation that affects the efficiency and permanence of the
system. Absorption, scattering and energy losses consider
the main drawbacks in the underwater environment. Manmade noises refer to the noise produced by machinery tools,
water pumps, ships, and submarine while the ambient noise
considers the hydrodynamics properties of water movement
such as water tides, bubbles, fain, rain, thunderstorm, and
earthquakes, etc. The geometric expansion contributes losses
in terms of energy per unit of area. The spherical geometric
expansion considers energy loss in deep-sea while cylindrical geometric expansion is taken into an account in shallow
water. Another degradation process of the acoustic signal
is multi-path propagation loss that generates Inter-SymbolInterference (ISI) and destruction of digital information.
Multi-path propagation depends on configuration link. Doppler spread is the most important and noticeable in UWAC
because of a slow destruction in the performance of digital
communication and transmission at a high data rate [5].

6.4 Doppler Effect in Underwater Acoustic
Communication
In high delay and delay-variance, the propagation speed of
acoustic waves in the UWAC channel is about five times
lower than in RF communication. Very high delay variance is even more harmful to efficient protocol design as it
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Fig. 6  Transmitter and Receiver moving with respect to propagation
medium

prevents accurate estimation in round trip time, which is a
key measure for many common communication protocols.
Another main and important issue in acoustic communication is the mitigation of the Doppler effect that needs to
study and be utilized in underwater communication. It is
a possible solution to channel estimation by a set up of
multi-carrier transceivers and sensor nodes, but due to high
Doppler effect, it affects sub-channel orthogonally with subcarriers. The Doppler distortion could be difficult to ignore
while the floating device (buoy) and vessels (receiver) are in
rest. Doppler effect produces and shows the time wrapping

when the signal is transmitted. Time wrapping distorts
signal phase in the contraction and expansion of signals
propagation. Time wrapping can be calculated by a modification of the time index from t to t = [t + 𝜌(t)]. where 𝜌(t)
depends on vR cos 𝜙 + vT cos 𝜃 . In the following term vR , vT
are the speed of the receiver and transmitter. The angles 𝜙
and 𝜃 are the signal propagation on transmitter and receiver
which is shown in Fig. 6. Through corresponding relation,
the speed and angles are the time-dependent and 𝜌(t) also
depend on time which is called the Doppler factor. The factor 𝜌(t), effects may be compensated by proper adjustment
of the sampling frequency followed by signal phase correction [14]. The Doppler effect estimation must be robust and
resilient. A wide discussion to diminishing and compensating Doppler effect has been represented in [80]. In UWAC,
another issue is channel impulse response. The propagation
speed of electromagnetic waves higher then the propagation
speed of acoustic waves in the air and the time of coherence in the acoustic channel is less than that in RF channel.
So there is a higher spread delay. The possible approach to
avoid this issue is also mentioned in [80].
Mostly described factors are caused by the chemical and
physical water properties in terms of temperature, salinity,
density and by their spatio-temporal variations. These variations are together with the wave-guide nature of the channel because the acoustic channel is a temporal and spatial
variable. Particularly in consideration of deep and shallow
water, the horizontal channel is by far more rapidly varying
than the vertical channel.

6.5 Future Directions
UWC is a recent methodology over the last several decades
and still in more exploring phase of research. The newly
techniques discussed have been announced and suggested
to underwater communication. Underwater acoustic communication (UAC) is the unique and most widely used

Table 9  Comparison of different underwater wireless communication technologies
Type of technology

Ranges

Latency

Transmission power Affecting factors determine channel quality

Underwater optical wireless communication
(UWOC)

Up to 100 m

Low

mW–W

Underwater wireless
acoustic communication
(UWAC)

Up to 20 km

High

> 10 W

Underwater wireless elec- Few meters (up to 10 m) Moderate mW–W
tromagnetic communication (UWRF)

Key references

[2, 3, 5, 15, 17,39, 40, 68
Absorption, scattering,
81, 82]
turbidity, suspended and
organic matter of channel link
[14, 16, 20, 22, 24, 83,
Absorption, scattering,
84, 85]
pressure, temperature
and salinity of water
channel
Conductivity and permi[14, 16, 29, 33, 50, 86, 87]
tivity of channel

13

M. Ali et al.

wireless carrier with low signal attenuation of sound. UAC
has become an extensive direction of exploration in many
fields and research industries in recent years. In UAC,
related issues and applications are presented as an overview
mainly used by military, naval, and industrial domains. The
challenges of underwater communication can be more precise by the proper fixing of UWSNs. The use of orthogonal
frequency division multiplexing (OFDM) and generalized
frequency division multiplexing (GFDM) experimental techniques will be a revolutionary step in this direction.

6.6 Summary
For efficient UWAC and achieving challenges, a detailed study
of acoustic wave propagation and communication has been
recommended. In comparison with RF and optical underwater communication has low latency and bandwidth but offers
the most evidential channel to enable underwater communication. For high speed signal propagation in underwater, the
UWAC is challenging to deploy due to finite bandwidth, multipath extension, sever fading and Doppler effect. UWC channel requires vital modifications which is compatible with the
underwater medium as compared to terrestrial electromagnetic
wave propagation. UWSNs are also an advantageous networking technique for transmitting information with an underwater
base station (UWBS). The classification and issued related to
UWSNs has been discussed in this article (Table 9).

7 Comparison of Acoustic, Electromagnetic
(RF) and Optical Technologies
in Underwater Environment
Above technologies in this paper, each one of them has its
own characteristics and it defines which environmental condition or channel is used for communication requirement.

Before a comparison of these technologies, we should know
the properties, characteristics, type of channel and for what
purpose the technology is going to be used. There is a summary of the features and drawbacks of wireless communication technology mentioned in Tables 4 and 10, which
have been discussed in the paper to understand the proper
solution. The tables include and compare the distinct water
properties that mostly affect each wireless communication
technology in underwater. In Tables 4 and 10, containing
the natural properties and parameters of the channel which
affect to signal propagation such as saline water for RF communication, the water turbidity for optical communication
and the depth of water effect to acoustic communication has
been mentioned.
Theoretically, EM waves are usable in water, but over
short distances due to high attenuation. Optical signal
propagation is a solution for achieving high data rate over
moderate distances. A blue-green laser suffers from scattering and requires a high precision pointing position. In
the comparison of discussed communication techniques, the
acoustic waves appear as the preferable solution. However,
the channel is far from ideal, especially in the very shallow
water conditions. It has a very limited bandwidth causes
severe signal dispersion both in time and frequency domain.
Therefore, acoustic waves may be affected by background
noise, reflection, refraction and by the physiochemical characteristics of the channel. The speed of acoustic propagation
in water is adversely very slow as compared with electromagnetic and optics waves. EM and optical waves communication are also another limiting technique for effective
communication.
Still, acoustic waves are the best technical implements
for underwater communication. Thus, the existing acoustic applications have been exposed. At present, the work
in underwater acoustic communication and networking is
generating a huge amount of different systems. In UWSNs

Table 10  Main contributions of different emerging underwater wireless communication technologies in existing work
References

Contribution through existing work

Communication mediums

[118]
[100]
[85]
[123, 124]
[100, 114, 115]
[125, 126]
[101]
[120]
[127]
[128]
[129]
[123]

Power allocation scheme for NOMA
5G wireless network support MIMO massive for UWAC
Filter bank multicarrier technique (FBMC)
Free space optical communication technology (FSO)
Underwater acoustic communication with MIMO massive
MIMO-OFDM emerging technique
MIMO-OFDM for high-rate in UWAC
NOMA in underwater with VLC
mm-wave in underwater
OWC and mm-wave for 5G Networks
mm wave MIMO
5G wireless network support FSO communication technology

Underwater acoustic communication
Underwater acoustic communication
Underwater acoustic communication
Underwater wireless optical communication
Underwater acoustic communication
Underwater acoustic communication
Underwater acoustic communications
Underwater wireless communication
Underwater acoustic communication
Underwater optical communication
Underwater optical communication
Underwater optical communication
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solution, it may be possible that nodes could be configured
data by themselves according to the distance, propagation
data rate with the ROV or UAVs and neighboring nodes with
using the particular technology type. To achieving robust
and more reliable communication, the challenges introduced
in the paper are flexible communication. The flexible system
could provide a healthy network and proper communication
among devices. Through this flexible communication system could achieve a maximum transmission rate between
transmitter and receiver. The typical and heterogeneous
system could be changed for signal propagation perfection
and transmission switching technology or reception on the
predefined cost function that would send an acknowledgment
signal during a particular time for necessary action.
Since all the three types of underwater communication
techniques have inherent parameters due to an increment of
distance, the communication systems included several sensor
arrays and relays, and application of aid of smart protocols
that could be a possible solution. In all these technologies
mentioned, there are movable and fixed network nodes which
ideally transmits and receives signals through existing communication technologies. The movable sensors keep a connection
between fixed and anchored nodes which should be a smart
and adequate efficient communication solution by optimizing
an appropriate cost.

8 Underwater Sensor Networks
Underwater sensor networks (UWSNs) is a group of sensors
that is established to record and explore data from deep-sea
environment [88]. The sensor networks completely wired or
wireless that exchanges information with the buoy or base
station showed by Figs. 1 and 3. UWSNs is the solution that
can make a possible communication among devices, data
retrieval, exchange the information device to device and is a
broader sense to any activity in deep sea water. In the general
scenario the main purpose of study and research of UWSNs
about oceanography, seismic surveillance of the cause of
earthquakes, monitoring of marine life, natural disaster and
its prevention control, etc, [16]. UWSNs architecture also
has a benefit to the detection of natural oil and gas resources,
military operations and tactical surveillance applications
[74]. In these above applications, UWSNs have an array of
sensor network nodes which are fixed or anchored with the
bottom of the ocean that has to exchange valuable information throughout underwater floating nodes (AUVs and ROVs
nodes) or onshore nodes (sub-station) on seawater surface
[88]. The sensor networks use multi-hop communication
through an underwater gateway node, that has the capability to perform all necessary receiving protocol conversion
into distinct useful signals [19]. Even the fixed nodes on the
sea bottom have an interaction with each other to estimate

a high probability of gathering the exact and more defined
information. The concerning application needs to include
essential devices in an underwater environment which whole
application system called UWSNs.
UWSNs, in order to send and receive signals from the
floating device on unknown coordinates, may require the
specified coverage area for communication range. ROVs
and AUVs widely use to depressed and retrieve data from
a monitoring device for short-range using low power [89].
For transmission of large bandwidth and high data rate,
ROVs and AUVs could play an important role as a network
node for signal transmission with high bandwidth and data
rates. ROVs and AUVs have new challenges to UWSNs and
quite difficult to deploy with specific application and constraints. The UWSNs with the wired or wireless network is
regarded to be a natural solution in order to fulfill the system
requirements.

8.1 Underwater Sensor Requirement
Underwater sensor nodes should be capable of storing data
that grasp from other sensors. There are different sensor
network nodes which acquired data from other types of sensors and monitors the physical properties related to temperature, pressure and the velocity of flowing water. Hence,
the underwater sensor nodes may require a large capacity
of buffer for storing data before signal transmission. The
energy efficiency is an issue in underwater sensor networks
and taking into an account to reduce it. Due to the technical
properties of underwater nodes, the required energy should
higher than the energy of transmitting signals as compare
to the energy required to receive and analyze data. Therefore, the power batteries are the main issues and not easily
replace and rechargeable in UWSNs architectures. Hence,
the design should be precise and more perfect to diminish
this particular fact. The other requirement in UWSNs is to
improve the efficiency of transmission and receiving signals
in the study of proper installation of sensor nodes. In robust
condition, they may operate in unfriendly circumstances.
There are different requirement, configurations, and interfaces needed to install flexible nodes in place of rigid ones.
Also, the protocol stack necessary to implement in UWSNs
must guarantee the reliability of signals transmission. It is
not an easy task to establish guaranteed reliability in a more
sophisticated environment where the high data rate required
in underwater communication of its complexity (Fig. 7).
As earlier mentioned in this paper, the acoustic signal
propagation shows the lower speed of signaling in UAC as
compare with RF and optical communication in the open
air. Thus, the delay associated with sharing signal and
exchanges among nodes could be very high in UWSNs.
Underwater network protocol must be delay tolerant while
the acoustic link is subjected to link outage. In UWSNs the
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Fig. 7  Affecting factors, signal fading and propagation losses in different underwater wireless communication techniques

channel may have many destructive constraints of signal
transmission. There should be an awareness of transmitted packets between UWSNs nodes, this means the crosslayer design plays an important role of data transmission
in UWSN protocols, due to high operational and system
establishing cost over a large scale sea bed. UWSN has
limited energy sources which have a serious performance
impact on UWSNs system. Taking an account of battery
replacement would be a promising solution to maximize
the life of UWSNs and underwater optical sensor network
(UWON). An alternative method for energy conservation
of UWSNs investigated in [90].

8.2 Underwater Sensor Network Architecture
The underwater sensor network architecture has been
structured by the Figs. 1 and 3, where all possible
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communication tools are used and each of them has a specific role of communication consequently. The UWSNs
is an open research issue that needs further analytically
investigation for students and researchers. The following
two types of UWSN architecture suggested in [20].
8.2.1 Static 2D UWSNs
In this type of UWSNs the nodes anchored with sea bed
to monitor the underwater environment and positioning of
tectonic plates [91].
8.2.2 Static 3D UWSNs
In this type of UWSNs the application used for monitoring the geo-chemical processes, water streams, pollution,
etc [92].
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sensor node with the buoy through the wire whose length
can be regulated. Although, this solution allows easy and
quick deployment of a sensor network. 3D sensors network
is necessary to define the depth of each sensor node [20].

8.5 Related Issues of UWSNs

Fig. 8  An overview of 2D Underwater sensor network architecture

8.3 2D Underwater Sensor Network Architecture
The 2D UWSN has been established by the group of nodes
anchored with the ocean bottom and interacted with underwater-sink, which are the network tools to relaying receiving data from fixed nodes to sub-station or with floating
buoy situated on the water surface. The 2D structured sensor
network has been specified by Fig. 8. The underwater sink
equipped by the two transceivers,, a horizontal and vertical
transceiver respectively. The horizontal transceiver is used
to communicate with the sensors in terms of sending commands, data configuration, and collection of monitored data
form nodes. While the vertical transceivers are used to make
a healthy communication with the surface station or buoy.
The vertical transceiver must be a long-range transceiver up
to 10 km in UAC system. Also, the surface station must be
equipped with an acoustic transceiver that is able to handle
multiple parallel communications with deployed underwater
sinks [20].

8.4 3D Underwater Sensor Network Architecture
The 3D-UWSN is used to observe the physical phenomena
and biochemical activities undersea, where the fixed nodes
are capable to detect into the 3D communicative environment. The 2D structured sensor network has been depicted
by Fig. 9. In the 3D underwater sensors network, the nodes
are not fixed but floating with different depths to extracting the signals. The possibility of high bandwidth and frequency would be improved due to a fixed attachment of the

The corresponding UWSN technique as discussed in this
article is challenging to deploy in an underwater environment. Due to harsh and more complicated underwater wireless communication. The most common issue is short-range
communication, which is associated with RF signal transmission especially in the ocean or deep seawater. Hence,
the need to deploy a large number of array sensor nodes in
underwater that must not much far to each other. It could be
a problematic solution that associated with RF signal propagation. The solution and works against achieving high transmission data rates over a consequent bandwidth reduction
and antenna size mounting on floating devices. The speed
of electromagnetic waves less due to low frequencies [6].
Therefore, it is necessary to increase the delay tolerance constraints of the corresponding underwater sensor networks.
It is hard to find the full the functionality of UWSNs in
the presence of RF transmission. To minimize and make
a proper communication throughout RF-based underwater
networks investigated in [6, 72].
In acoustic communication, a wide range of communication possible through UWSNs nodes. In acoustic communication there is no need to align nodes, It is to simply make
a design to fix their coordinates. The required transmitting
energy must higher than the receiving energy in terms of
processing and storing information in the UAC system.
Thus, it is a solution for generating the mechanical waves
that can propagate and travel through the water over a large
distance.
The possible solution to the concerned issue could be data
fragmentation and the specified distance of signal propagation. Related to this issue the problematic solution technique mentioned in [93]. In the concerned problem-solution
method, the optimal length taking into an account for biterror-rate and probability of receiving signal. The methodology is affected by the repetition of the transmission of raw
data lengths and the energy spent through control channel in
each repetition for the consumption of every re-transmission.
The design of UWSNs and its operation, it could be a better option to relay using multi-hop communication and not
to spend a large amount of energy should to use keep in
contact with much far away nodes. All the above possible
solutions should be included and studied in a particular efficient UWSNs. There is a large propagation delay due to
the low speed of signal propagation with low velocity in
acoustic waves. Additionally, UWSNs deal with link outage.
Hence, the received protocol must handle this feature. In our
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opinion, the perfectly designed communication network system for UWSNs must be considered using optical, acoustic
and electromagnetic signal transmitting technologies.

9 Integration of 5G in Underwater
Communication
5G is an extendable cellular technology to proliferate smart
devices, the introduction of new emerging applications
along with an exponential rise in wireless communication.
The huge demand of the fifth generation of wireless communication will be the future prospective wireless network
with extremely low latency, high data rates, capacity and
bandwidth as compared to 4G LTE (Long Term Evolution).
According to survey [94, 95] the wireless network had more
than half of connected devices and an exponentially rise in
internet traffic 51% in 2016 as compared with 32 percent
of the growth in average traffic. Internet traffic will tremendously hike by 2021 throughout multimedia devices, video
streaming and smartphones over 63% [95]. 5G would be
the greatest influential impact among the new applications,
suggested by researchers such as the Internet of things (IoT),
Smart cities projected applications, Device to Device (D2D)
communication, Internet of underwater things (IoUT) and
also underwater wireless communication [96].
In the latest survey work on 5G wireless communication [96] where the authors discussed the various key points,
effects, and advantages. The required capacity of the wireless network depends on spectral efficiency and bandwidth
which is related to the size of network range [97]. The existing 4G LTE cellular wireless network supports to increase in
data usage and connectivity. 4G LTE is based on Orthogonal
Frequency-Division Multiplexing (OFDM) technique that
supports 20 MHz of maximum bandwidth. The bandwidth
limitation of the channel makes OFDM is an advantageous
and employable modulation technique [98]. Although,
OFDM is considered as an advantageous single carrier
modulation in combating frequency selective fading. Hence
it is less possible to adapt to future requirements because
of the need for precise synchronization and spectral efficiency. Therefore, new multi-carrier transmission schemes
are needed to address these issues.
The filter bank multi-carrier (FBMC) and generalized
frequency division multiplexing (GFDM) are the new
promising approaches to support underwater channel communication towards 5G wireless network. An experimental
technique based on GFDM and FBMC in underwater wireless communication has been suggested in [98]. GFDM is
time and frequency based multicarrier transmission scheme
that is derived from FBMC. The transmitting data divide
into subgroups and sub-carriers. The future aspects of the
latest fifth-generation wireless network to enhance the
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quality of service (QoS) and quality of energy (QoE) are
to be nostrum features of current cellular technology [94].

9.1 5G wireless Network Future Directions
The illusion of fifth-generation wireless networking technology that improves users perceived QoS [94]. Covering
all aspects, 5G wireless network panache of user problems and requirement. Beside of fourth-generation LTE
enabling technology, a gradual evolution in the necessity
of user-oriented smart machinery equipment for e-health
solution, e-business, and IoUTs towards 5G networking
are imagined. These advanced tools and devices such
as the UWSNs and onshore based station are the future
aspects for implementing new wireless networking environment. The emerging wireless techniques that support
the improvement in bandwidth in the underwater environment are to be nostrum and future perspectives. 5G wireless system is predictable spread for public and private
sectors, health care, software services, smart homes, internet of health things (IoHTs) and in underwater communication to perceive high data rate. The possibility of acquiring high data rate and monitoring underwater activities
rely towards to 5G network and an experimental technique
based on GFDM and FBMC in underwater wireless communication will be future communication medium [98].
Despite, the utilization of radio frequencies (RF) for fifthgeneration communication, could be offered difficulty in
channel estimation.
The high demand for potential applications, for exploration of natural underwater resources and monitoring of the
marine environment, is investigated [99]. The concept of
massive MIMO for underwater acoustic (UWA) channel
and FBMC modulation technique proposed towards 5G
wireless carrier [100]. The similar work suggested that
MIMO-OFDM is an appealing solution for high-datarate transmissions in UWA channels [101]. Most of the
researchers publish their work to improve UWC functionality, A most recent survey article on 5G multicarrier
underwater wireless communication technique has been
proposed, where the author has a discussion and comparison on the different wireless communicative generation
and related issues on physical layer [98].
5G wireless networking system is highly recommended
wireless communication technique for high latency, data
rate and bandwidth propagation between the device to
device (D2D) and machine to machine (M2M) for a longer
time duration in particular domain [94]. A GFDM experimental model technique on 5G network and its implementation in UWC proposed in [98, 102]. The experimental
work on 5G wireless network in underwater domain,
named GFDM also mentioned in [102]. A high-speed
underwater communication based on OFDM technique
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provides the further solution in the same direction and
has been discussed in [31, 102]. For UWSNs issues and
implementation of IoUTs solution has been widely discussed in survey literature [90]. The advantages of electromagnetic waves propagation of signaling, navigation,
sensing and terrestrial communication in terms of high
potential data rates have been taken into an account [6].
Underwater acoustic communication quality evaluation
model base on surface vehicle experimental work and
simulation to improve the quality of the channel and signal propagation briefly described in [103]. Most recent
survey articles on UWOC have been deeply recounted on
the methods of optical wireless communication (OWC)
technology in underwater along with the possible solutions
including optical beam absorption and scattering phenomena [2, 15, 104]. Absorption and scattering are the main
issues during optical signal propagation in different types
of underwater mediums. There is a classification of water
mediums according to the preference and more achievable results in [2, 14, 15, 104]. Different issues and multihope-algorithms in UWSNs are concerning and briefly
discussed in [19, 53].

10 Emerging Technologies in Underwater
10.1 Energy Harvesting System for WSNs
The energy harvesting (EH) is the process of capturing and transformed wasted energy into usable electric
power where the requirement of energy in terms of heat,
vibration and RF signals. EH allows electronics to operate where there is no conventional power source, eliminating the need to run wires or make frequent visits to
replace batteries [105]. Due to less possibility to change
batteries and charged a capacitor of sensor nodes in the
underwater environment the communication link requires
the EH system to transfer energy for improving system
efficiency. Several existing works have explored the possibilities of using natural energy sources in the EH process within the communication network. The investigated
EH natural sources are not fully effective according to the
expectation of unforeseeable nature of ambient sources
but EH process is only applicable in specific constraints.
The investigated Wireless power transmission (WPT) is
one of the EH technique where the nodes charge their own
batteries through electromagnetic radiation in communication networking area [106]. WPT mostly uses for short
distances (nearfield) rather than long distances (far-field)
that depends on the application requirement. It has less
reliable to transfer energy with information simultaneously
over long distances due to channel discontinuity and infeasibility. Thus, to full-fill this requirement the concept of

Simultaneous Wireless Information and Power Transfer
(SWIPT) investigated in [106]. The authors in [107] discuss various energy constraints discussed and conclude
SWIPT as an integral EH technique to improve spectral
efficiency, power consumption, and power transmission
delay by enabling the simultaneous transmission of both
power and information. The high demand growth of radio
frequency energy harvesting system (RE-EH) consider to
recharging super capacitor or energy stored in batteries of
wireless sensor networks (WSNs). The power supply of
RFEH has been maintained by a certain rate of RF environment from endless power-consuming devices all around
the world. Therefore, the wireless devices now can harvest
energy from RF signals according to the power variations
over time.
(1) Near-field: The near-field is that remote area where the
uniform wavelength transmitting by the antenna. The
near-field WPT technique is length-dependent. Due
to the increasing distance between transmitter and
receiver the power transmission phenomena decreased
exponentially. As a result, less power could be transmitted if the distance larger than that wavelength of the
transmission medium. In the near-field WPT scenario,
the system requires high power transmission efficiency
and can be obtained above 80% of power transmission
energy efficiency [108]. The high strength of energy
can be transfer through inductive, capacitive and resonant inductive couplings.
(2) Far-Field : The remote area where the distance much
higher than the diameter of power transmission antenna
consider to far-field WPT. In the far-field scenario, the
power can be transferred over large distances without electrical wire medium which formally known as
energy transformation through microwave and laser
beams by electromagnetic radiation as a medium. The
microwave power beam shows week performances
rather than laser beam due to atmospheric attenuation
constraints such as water vapor and suspended dust particles.
(3) SWIPT is an integral recent developing technique
instead of WPT that enables the facility of providing
power and information simultaneously through a wireless network. The energy and information transfer function in SWIPT is an important factor to evaluate the
system performance [106].
(4) UWSNs-EH plays a significant role in accessing data
in the aquatic medium. Due to the wide range of applications UWSNs have importance. The structural challenges of UWSN to achieve continual reliable and efficient power supply is to gain high efficiency inadequate
environmental energy conditions [109]. Therefore, a
multi source energy harvester system proposed on
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microbial fuel cell (MFC) and acoustic piezoelectric
energy harvesting system that supports to the acoustic
sensor network. In MFC energy harvesting system the
current produce by using bacterial vitality and their
metabolic interactions found in open nature. However,
Acoustic piezoelectric harvester functioned on resonant
waves formed by acoustic resonators. The pressure difference guides the vibrations of the piezoelectric beam
at the resonant frequency which outcomes to generate
electricity.
However, the establishment of UWSNs has many issues during signal propagation such as energy constraints, dynamic
conditions, variation topology and high error probability of
signal transmission. The concerning issue is the power supply to sensor nodes. Batteries do not hold long run power
capacity supply to sensor nodes in an underwater medium.
Thus, energy harvesting is a promising solution for the perpetual energy supply to sensor nodes [110].
The energy consumption is also an additional problem for
UWSNs. Therefore, to recharge and replace batteries in an
aquatic environment is more complex [111]. The possible
solution and hybrid acoustic-optical underwater wireless
sensor networks (AO-UWSNs) technique for energy harvesting proposed in order to benefit of acoustic and optical
communication in [111]. An experimental scheme of energy
harvesting for UWSNs based on galvanic energy has investigated in [112]. The authors in [113] discussed the energy
consumption through the galvanic cell with two dissimilar
metal zinc and brass electrodes attached with mussel’s shell
in an underwater environment. One another EH technique
is ocean kinetic energy harvesting system for sensor nodes
experimentally investigate (evaluated on 1.1 Hz as a maximum natural frequency and 1 Hz as a minimum damping
value) and fabricated in [113]. The authors in [113] proposed
a pendulum-type ocean kinetic energy harvester to gain
ocean thermal energy to contribute the system efficiency.

10.2 Massive MIMO System Aided Underwater
Communication
Acoustic Massive multi-input multi-output (MIMO) in
underwater communication enables to enhance the real-time
activities, high quality of data transmission between floating
buoy and a large array of hydrophones Fig. 10 [114]. Massive MIMO is also known as very large multi-user MIMO
(MU-MIMO), hyper-MIMO or full-dimension MIMO systems [115]. Underwater multimedia monitoring application
requires a high demand for data traffic. The deployment of
MIMO channels in underwater support the various types of
multimedia communication contents in the form of mapping,
audio, and video conferencing [101]. Thus, the possibility
to achieve a high level of bandwidth. Underwater acoustic
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Fig. 9  Scenario of 3D underwater sensor network architecture

Fig. 10  An overview of wireless emerging technique Massive MIMO
underwater wireless acoustic sensor network architecture

channels are characterized by low availability of bandwidth
and large propagation delays [100]. In this technique the
base stations contain several antennas to receive signals from
a large group of hydrophone array [114] Fig. 10. The drawback in a massive MIMO system is a point to point connectivity and fading signals when received from a large number of hydrophones. An alternative point-to-point MIMO
(MUMIMO) technique to increase the network capacity that
has been suggested in [116]. The array of hydrophones can
be linear, rectangular or in circular form. The essential spacing between the antenna elements should be larger than half
of the wavelength. Every single hydrophone should specify
a position to achieve directivity in transmission [117].
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UWSNs consist of distinct devices and network nodes
such as connected devices ROV and AUVs. The underwater environment has unique characteristic constraints for
instance high delay, low bandwidth, fading problems, and
high power consumption. MIMO system is a promising solution to improve throughput, capacity, and energy efficiency
in the future. In most of the existing sensor networks, the
floating buoy and base station (BS) are equipped with single elector acoustic transducer named Single-Input-SingleOutput (SISO) communication. Hence, MIMO massive technique for UWAC with carrier aggregation to boost the data
rate to enable realtime, high-quality underwater transmission
from an AUV to a surface buoy with a large array of hydrophones which is future aspect and widely discussed in [115].

10.3 Non‑orthogonal Multiple Access (NOMA)
Assisted Underwater Communication
Non-orthogonal multiple access (NOMA) is a promising
multiple radio access technique for next-generation communication networks [118]. NOMA offers a set of desirable benefits including greater spectrum efficiency. It has
been classified into three categories, uplink, downlink, and
composite architecture [119]. NOMA proposed as cellular networks, in this scheme, the users are separated in the
power domain and able to access all available bandwidth
simultaneously resulting in performance benefits [120]. In
an underwater environment, ROVs and AUVs move over
the sensor nodes to extract the oceanographic data from the
sensor network. For this concern, it requires both up-link
and down-link. NOMA can be easily applied and combined
with MIMO massive and millimeter-waves for further support and better system performance in underwater which
has been proposed in [119]. An investigated combined technique of NOMA with mm-wave can achieve higher spectrum and energy efficiency [121]. The implementation of
NOMA in UWOC, reduce the spectrum allocation problems
and improve the efficiency of decoding transmitted data discussed in [122].
NOMA is an important enabling technology for achieving
high bandwidth and performance requirements, including
high system throughput, low latency, and massive connectivity. NOMA can serve the massive connectivity for multiple
users simultaneously and minimize delay. The recent industrial efforts to include NOMA will be an integrated part of
future generation wireless networks. The future prediction
of NOMA proposed an allocation scheme in UWASNs and
equal transmission times (ETT) power allocation scheme
which can prevent wasteful resource generation in underwater communication as proposed for the future [118].

10.4 mm‑Waves Enabled in Underwater
Communication
Demanding high bandwidth for the communication system
and improving network capacity are investigating a new
wavelength range named millimeter waves. Millimeterwaves frequency band is an alternative supporting technique in UWAC. The wavelength and frequency ranges of
mm-waves are 1–10 mm and 150–1500 kHz respectively
which is a cause of efficient communication performance
in underwater [127]. Millimeter waves communications
have more similarity with optical wireless communication
since high carrier frequency suffers high propagation loss
and more sensitivity to blockage than RF system. The most
recent article proposed underwater acoustic millimeterwave communication channel in [127]. Thus mm-waves are
considering to offer high transmission of bandwidth and
improve communication performance efficiently for further
wireless communication [128]. One other frequency band
of millimeter waves have been discussed in [130]. A high
possibility to improve the efficiency of data transmission
through wide-range frequency band acoustic millimeterwave communication system proposed [131]. An effective
accomplishment of millimeter-waves become an innovative
subject to envisage communication technology in underwater. A shrinkage least mean square (LMS) algorithm [131],
takes advantage of sparse properties, improving the denoising method of tracking ability in time-varying to achieve
high channel estimation accuracy of underwater communication has been proposed in [132].
The information transmitting technology millimeter wave,
also one of the fastest growing data transmission technology since the last decade. The millimeter waves have high
frequency and wide bandwidth ranges that are typically
affected by the channel environment. For future perspectives, the wide range of millimeter-wave frequency band in
an underwater acoustic communication supports to improve
the information transmission efficiency. 5G wireless technology supports to high data transmission terrestrial to underwater using millimeter waves. High data rate transmission
required fiber cables which is difficult to implement. Hence,
the millimeter waves are the possible solution to replace traditional fiber optic transmission line to connect the mobile
base station. It provides 10 GBps data rate for communication which allows the problem solution of data transmission
terrestrial and underwater communication basis [133]. The
next level of millimeter wave technology will contribute the
high security, surveillance and further applications. It will
develop and offer a wide spectrum of applications and will
represent the “wave” of the future [134].
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that tunnel based 25 stories in underwater and support to
easily communicate with the base station. The prediction
of underwater houses are powered by IoUTs besides of
“medipods” will diagnose of sickness and supply medicine
or remote surgeon if needed [139]. The future of mankind
is dependent on careful monitoring control and sustainable exploitation of marine environments. Hence, IoUTs
will be more suitable for a wide range of submarine tasks,
repair pipeline, seismic detection, and under-ice ecological
monitoring and applications [140]. The future perspective
of IoUTs are becoming a critical frontier of exploration
for transport, oxygenate and food production, hydrocarbon exploitation, aquaculture, biofuel production, mineral
exploitation, climate, and global water circulation.

11 Conclusion
Fig. 11  Proposed underwater wireless communication emerging techniques

10.5 Internet of Underwater Things (IoUTs)
Internet of things (IoT) refers to connected devices that can
operate and easy access in an informative way through wireless and wired internet connectivity. IoT allows exchanging
the data among physical objects such as computers, home
appliances, advance mode of transportation via specific
applications software, sensors, and actuators. The requirement of IoUTs to monitor, observation of marine life, secure
information exchange, the study of natural hazards, disaster prevention and exploration of vast ocean volume and
understanding of underwater habitats [90]. The interconnected underwater devices and underwater sensors are an
integral part of IoT known as IoUTs that use to improve QoS
of the system [135]. Hence, the real-time transmission of
sensing data from underwater objects becomes challenging.
According to the Fig. 1, fixed and anchored sensor nodes
transform sensed data to sink or buoy acoustically through
ROVs or UUVs while the buoys are directly connected with
an onshore base station through RF link [16]. Most of the
IoUT are referred to as Figs. 1 and 3. The entire work of
muti-stage AUVs localization global positioning scheme for
UWSNs investigated [136]. The related work for detection
of ocean pollution through decentralized ad-hoc wireless
sensor network proposed in [137] (Fig. 11).
Still, as today, the ocean basins are less well mapped,
explored and less understood than the Moon or even Mars.
The future directions for implementing IoUTs handling big
data in terms of electrical conductivity, dissolved oxygen,
and temperature in an underwater environment through
ROVs and portable UWSNs [138]. The IoUTs could help us
to live in tall buildings or “Earth scrapers”, huge structures
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The underwater communication that enables a platform
to build up a network connection among floating devices
where the channel and communication environment having
crucial difficult properties and challenges. The technologies discussed are the possible solution and clear understanding of the mechanism of deployment. 5G wireless
networking technique proposed to support RF, acoustic
and optical signal carrier for improving communication
probabilities. The emerging technologies including the
architecture of UWSNs are challenging and more sophisticated for signal propagation, but the appropriate network nodes design has an important key to understand
and determine effective data analysis between source and
receiver with required data rates for the necessary possible
communication. According to the relevant communication
technologies requirement, a distinct channel modeling to
setup conceiving network communication to flexible or
fixed network nodes are quite challenging. This paper has
been contributing and providing a survey of the technical issues, challenges and future directions in underwater
environmental communication.
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