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Abstract
Underwater Wireless Sensor Network (UWSN) is a new 
networking paradigm to explore the uninhabited oceans. However, 
the characteristics of UWSNs, such as large delay, node mobility, 
and limited link capacity, are significantly different from existing 
small scale Underwater Acoustic Networks. This paper surveys 
Underwater Wireless Sensor Network and their challenges.
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I. Introduction
Sensing is a technique used togather information about a physical 
object or process, including the occurrence of events (i.e., changes 
in state such as a drop in temperature or pressure) [1]. An object 
performing such a sensing task is called a sensor. For example, the 
human body is equipped with sensors that are able to capture optical 
information from the environment (eyes), acoustic information 
such as sounds (ears), and smells (nose).

Fig. 1: Underwater Acoustic Wireless Sensing Networks [2]

These are examples of remote sensors, that is, they do not need to 
touch the monitored object together information. From a technical 
perspective, a sensor is a device that translates parameters or 
events in the physical world into signals that can be measured and 
analyzed. Another commonly used term is transducer, which is 
often used to describe adevice that converts energy from one form 
into another. A sensor, then, is a type of transducer that converts 
energy in the physical world into electrical energy that can be 
passed to a computing system or controller. An example of the 
steps performed in a sensing (or data acquisition) task.

Fig. 2: Architecture of Sensors in Underwater Sensing 
Networks

A. Wireless Sensor Networks
While many sensors connect to controllers and processing stations 
directly (e.g., using local area networks), an increasing number of 
sensors communicate the collected data wirelessly to a centralized 
processing station. This is important since many network 
applications require hundreds or thousands of sensor nodes, 
often deployed in remote and inaccessible areas [3]. Therefore, 
a wireless sensor has not only a sensing component, but also on-
board processing, communication, and storage capabilities. With 
these enhancements, a sensor node is often not only responsible for 
data collection, but also for in-network analysis, correlation, and 
fusion of its own sensor data and data from other sensor nodes.

B. Challenges and Constraints [4-6]

1. Energy
The constraint most often associated with sensor network design 
is that sensor nodes operate with limited energy budgets[4]. 
Typically, they are powered through batteries, which must be either 
replaced or recharged (e.g., using solar power) when depleted.The 
energy consumption of CMOS-based processors is primarily due 
to switching energy and leakage 

2. Self-Management
It is the nature of many sensor network applications that they 
must operate in remote areas and harsh environments, without 
infrastructure support or the possibility for maintenance and 
repair

WhereTotal is the total capacitance switched by the computation, 
Vdd is the supply voltage, Leak is the leakage current, and _t is 
the duration of the computation.

3. Wireless Networking
The reliance on wireless networks and communications poses a 
number of challenges to a sensor network designer. For example, 
attenuation limits the range of radio signals, that is, a radio frequency 
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(RF) signal fades (i.e., decreases in power) while it propagates 
through a medium and while it passes through obstacles. 

The relationship between the received power and transmitted 
power of an RF signal can be expressed using the inverse-square 
law. Which states that the received power PR is proportional to 
the inverse of the square of the distance d from the source of the 
signal

4. Decentralized Management
The large scale and the energy constraints of many wireless sensor 
networks make it infeasible to rely on centralized algorithms (e.g., 
executed at the base station) to implement network management 
solutions such as topology management or routing. Instead, sensor 
nodes must collaborate with their neighbors to make localized 
decisions, that is, without global knowledge.

5. Security
Many wireless sensor networks collect sensitive information. The 
remote and unattended operation of sensor nodes increases their 
exposure to malicious intrusions and attacks. Further, wireless 
communications make it easy for an adversary to eavesdrop on 
sensor trans-missions.

II. Underwater Sensor Networks
Underwater networks of sensors have the potential to enable 
unexplored applications and to enhance our ability to observe 
and predict the ocean. Unmanned or Autonomous Underwater 
Vehicles (UUVs, AUVs), equipped with underwater sensors, 
are also envisioned to find application in exploration of natural 
undersea resources and gathering of scientific data in collaborative 
monitoring missions. These potential applications will be made 
viable by enabling communications among underwater devices. 
Underwater Acoustic Sensor Networks (UW-ASNs) will consist 
of sensors and vehicles deployed underwater and networked via 
acoustic links to perform collaborative monitoring tasks

A. Applications
Ocean Sampling Networks:-
Networks of sensors and AUVs can perform synoptic, cooperative, 
adaptive sampling of the 3D coastal ocean environment [7].

1. Environmental Monitoring
UW-ASNs can perform pollution monitoring (chemical, biological, 
and nuclear), ocean current and wind monitoring, and biological 
monitoring such as tracking of fish or micro-organisms.

2. Undersea Explorations
Underwater sensor networks can help detect underwater oilfields 
or reservoirs, determine routes for laying undersea cables, and 
assist in exploration for valuable minerals.

3. Disaster Prevention
Sensor networks that measure seismic activity from remote 
locations can provide tsunami warnings to coastal areas, or study 
the effects of submarine earthquakes (seaquakes).

4. Seismic Monitoring
Frequent seismic monitoring is of great importance in oil extraction 
from underwater fields to assess field performance.

B. Difference with Terrestrial Sensor Networks [8]

1. Cost
While terrestrial sensor nodes are expected to become increasingly 
inexpensive, underwater sensors are expensive devices. This is 
especially due to the more complex underwater transceivers and 
to the hardware protection needed in the extreme underwater 
environment.

2. Deployment
While terrestrial sensor networks are densely deployed, in 
underwater the deployment is generally sparser.

3. Power
The power needed for acoustic underwater communications is 
higher than in terrestrial radio communications because of the 
different physical layer technology (acoustic vs. RF waves), 
the higher distances, and the more complex signal processing 
techniques implemented at the receivers to compensate for the 
impairments of the channel.

4. Memory
While terrestrial sensor nodes have very limited storage capacity, 
underwater sensors may need to be able to do some data caching 
as the underwater channel may be intermittent.

5. Spatial Correlation
While the readings from terrestrial sensors are often correlated, 
this is more unlikely to happen in underwater networks due to 
the greater distance among sensors.

(i). Factors Influencing Underwater Protocol Design 
In this section we analyze the main factors in Underwater Acoustic 
(UW-A) communications that affect the design of protocols at 
different communication layers. Acoustic communications in the 
underwater environment are mainly influenced by transmission 
loss, noise, multipath, Doppler spread, and high and variable 
propagation delay.

Table 1: Typical Bandwidth of Underwater Channel

C. 2D Underwater Sensor Networks
A 2D underwater networks is a group of sensor nodes are 
anchored to the bottom of the ocean. Underwater sensor nodes 
are interconnected to one or more underwater gateways (uw-
gateways) by means of wireless acoustic links[9]. Uw-gateways 
are network devices in charge of relaying data from the ocean 
bottom network to a surface station. To achieve this objective, 
they are equipped with two acoustic transceivers, namely a vertical 
and a horizontal transceiver.
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D. 3D Underwater Sensor Networks
Three-dimensional underwater networks are used to detect and 
observe phenomena that cannot be adequately observed by means 
of ocean bottom sensor nodes, i.e., to perform cooperative sampling 
of the 3D ocean environment. In 3D underwater networks, sensor 
nodes float at different depths to observe a phenomenon [9].

1. Autonomous Underwater Vehicles 
AUVs can function without tethers, cables, or remote control, and 
therefore they have a multitude of applications in oceanography, 
environmental monitoring, and underwater resource studies. 
Previous experimental work has shown the feasibility of relatively 
inexpensive AUV submarines equipped with multiple underwater 
sensors that can reach any depth in the ocean.

III. Related Work
[10]Explores applications and challenges for under water sensor 
networks. They highlight potential applications to offshore oilfields 
for seismic monitoring, equipment monitoring, and underwater 
robotics. They identify research directions in short-range acoustic 
communications, MAC, time synchronization, and localization 
protocols for high-latency acoustic networks, long duration 
network sleeping, and application-level data scheduling. They 
describe the author’s preliminary design on short-range acoustic 
communication hardware, and summarize results of high-latency 
time synchronization.

[11] They summarized a number of practical issues differentiating 
underwater acoustic networks from terrestrial radio based sensor 
networks. There is no single operating regime for underwater 
networks, and a wide range will exist. Never the less, they believe 
that many important underwater networks will be more mobile 
and sparser than terrestrial sensor networks, with different energy 
and economic considerations. Underwater network protocols will 
have to adapt to moving between sparse and dense regions, with 
different optimization metrics for each regime.

[12] Underwater Acoustic Networks (UANs) are very unique 
and can be deployed for commercial and military applications. 
Their search of UANs attracts increasing attention in recent years. 

This survey paper first introduces the concept of UANs, and then 
reviews some recent developments within this research area. It 
also lists some practical and potential research issues of UANs, 
ranging from energy saving and deployment to different layers. 
Finally, some suggestions and promising solutions are given for 
these issues.

Fig. 3: SNR vs. Frequency and Range Undersea Sensing 
Networks

This paper reviews the recent research development of Underwater 
Acoustic Networks (UANs). It analyzes the uniqueness of 
underwater acoustic channel first. Several practical issues of 
UANs are then raised, ranging from network topology, po they 
efficiency, physical layer, MAC layer, network layer to application 
layer. To use the scare resource more efficiently, it is shown that 
cross layer design can be a proper approach for UANs, due to its 
optimization prospect.

[13] With the advancements of acoustic modem technology 
thatsupports better data rates with reliable communications, 
currentresearch focuses on algorithms those can support 
such technologyin a better way. During the last two decades, 
many protocols suggested in order to handle the adverse 
environment ofunderwater communications. This continued 
research results inimproved performance as compare to initial 
communicationsystems. 

Table 2: Comparison of Major Intermittent Underwater Routing Protocols [13]

But still underwater issues like limited bandwidth, highpropagation delays and 3-D topology as the Constraints of the sensor nodes 
are challenges for the successful routings. A series of survey papers provide an excellent comparison of suchalgorithms and different 
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networking challenges during the currentdecade, but still a lot left 
to investigate. In this paper they willexplore the developments 
of some of the important routing algorithms, and a survey with 
different comparisons, those havebeen proposed for the partially 
connected underwaterenvironments. In addition, at the end they 
will give some future directions, which can be helpful in order to 
construct thealgorithms for such environments.

[14] Acoustic communications is the most promising mode of 
communication underwater. However, under water acoustic 
channels are characterized by harsh physical layer conditions 
with low band width, high propagation delay and high bit error 
rate. Moreover, the variable speed of sound and the non-negligible 
no demobility due to water currents pose unique set of challenges 
for localization in UWSNs. In this paper, they provide a survey of 
techniques and challenges in localization specifically for UWSNs. 
The authors provide a survey of techniques and challenges in 
localization specifically for UWSNs, They categorize UWSNS 
into

Range- based vs. Range-free techniques;1. 
Techniques hatrelyonstatic reference nodes vswho also rely 2. 
on mobile reference nodes, and Single-Stage vs. multi-stage 
schemes.
Single-stage vs. multi-stage schemes.3. 

[15] In this article a survey on the different technologies in the area of 
Underwater Wireless Sensor Networks (UWSN) will be presented. 
The characteristics of these networks are different from those 
found in the terrestrial ones, while their architecture is vulnerable 
to various issues such as large propagation delays, mobility of 
floating sensor nodes, limited link capacity and multiple messages 
receptions due to reflections on the sea ground and sea surface. This 
article will present an overview of the underlying technologies in 
UWSN and will focus in presenting the most important research 
approaches towards UWSNs’ architecture, routing, MAC and 
localization protocols, energy consumption and security, while 
highlighting their most illustrative real-life applications. In this 
article a survey on Wireless Sensor Networks and applications has 
been presented. The most important approaches have highlighted 
towards UWSNs’ architecture, routing, MAC and localization 
protocols, and energy
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