Aparajita Nailwal et al, International Journal of Computer Science and Mobile Computing, Vol.5 Issue.6, June- 2016, pg. 487-494
Available Online at www.ijcsmc.com

International Journal of Computer Science and Mobile Computing
A Monthly Journal of Computer Science and Information Technology

ISSN 2320–088X
IMPACT FACTOR: 5.258

IJCSMC, Vol. 5, Issue. 6, June 2016, pg.487 – 494

Acoustic Underwater Wireless Sensor
Networks: Channel Gain and
Channel Communication
Aparajita Nailwal, Mukul Varshney, Abha Kiran Rajpoot
Department of CSE, Sharda University
aparajita.naiwal@sharda.ac.in, mukul.varshney@sharda.ac.in, abhakiran.rajpoot@sharda.ac.in
Abstract— Networks of sensors and underwater vehicles can perform synoptic, cooperative adaptive sampling of the
coastal ocean environment. Underwater acoustic sensor networks (UW-ASNs) can perform pollution monitoring
(chemical, biological and nuclear). Monitoring of ocean currents and winds, improved weather forecast, detecting
climate change, under-standing and predicting the effect of human activities on marine ecosystems, biological
monitoring such as tracking of fishes or micro-organisms, are other applications. Underwater sensor networks help to
detect underwater oilfields or reservoirs, determine routes for laying undersea cables, and assist in exploration for
valuable minerals. Another application is supporting groups of underwater autonomous robots. Applications include
coordinating adaptive sensing of chemical leaks or biological phenomena (for example, oil leaks or phytoplankton
concentrations), and also equipment monitoring applications. The simultaneous operation of multiple underwater
acoustic vehicles with acoustic and optical sensors can be used to perform rapid environmental assessment and detect
mine-like objects. The self-reconfigurable UWSN tolerates more faults than the existing tethered solution. Sensor
networks measures seismic activity from remote locations. They can provide tsunami warnings to coastal area and
study the effects of submarine earthquakes (seaquakes). Sensors can be used to identify hazards on the seabed, locate
dangerous rocks or shoals in shallow waters, mooring positions, submerged wrecks, and to perform bathymetry
profiling. Autonomous underwater Vehicles (AUVs) and fixed underwater sensors can collaboratively monitor areas
for surveillance.
Keywords— cooperative adaptive sampling, phytoplankton concentrations, Autonomous underwater Vehicles

INTRODUCTION
Underwater Wireless Sensor Web (UWSN) is a new networking paradigm to discover the
uninhabited oceans. Though, the characteristics of UWSNs, such as colossal stay, n rated link
capacity, are considerably disparate from continuing tiny scale Submerged Aural Networks. This
paper surveys Submerged Wireless Sensor Web and their challenges. Submerged webs of sensors
have the possible to enable unexplored requests and to enhance our skill to discern and forecast the
ocean. Unmanned or Self-governing Submerged Vehicles (UUVs, AUVs), outfitted alongside
submerged sensors, are additionally envisioned to find request in discovery of usual undersea
resources and meeting of logical data in cooperative monitoring missions. These possible requests
will be made viable by enabling contact amid submerged devices. Submerged Aural Sensor Webs
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(UW-ASNs) will encompass of sensors and vehicles used submerged and networked via aural links
to present cooperative monitoring tasks. The simultaneous procedure of several submerged aural
vehicles alongside aural and optical sensors can be utilized to present quick environmental
assessment and notice mine-like objects. The self-reconfigurable UWSN tolerates extra faults than
the continuing tethered solution. Sensor webs measures seismic attention from remote locations.
They can furnish tsunami warnings to coastal span and discover the results of submarine earthquakes
(seaquakes). Sensors can be utilized to recognize hazards on the seabed, find hazardous rocks or
shoals in shallow waters, mooring locations, submerged wrecks, and to present bathymetry profiling.
Selfgoverning submerged Vehicles (AUVs) and fixed submerged sensors can cooperatively monitor
spans for surveillance.
COMMUNICATION ARCHITECTURES
In this serving, we present a little reference contact architectures for submerged aural sensor webs,
that contain a basis for discussion of the trials associated alongside the submerged nature.

2D Underwater Sensor Networks
A reference architecture for 2D underwater networks. 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. 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. The
horizontal transceiver is used by the UW-gateway to communicate with the sensor nodes in order to:
able to grasp several parallel contact alongside the used UW-gateways. It is additionally endowed
alongside a long-range RF and/or satellite transmitter to converse alongside the onshore sink (ossink) and/or to a external sink (s-sink). In shallow water, bottom-deployed sensors/modems could
undeviatingly converse alongside the external buoy, alongside no enumerated bottom node (UWgateway).

Fig 1: Group of UWSN sensor nodes anchored to the bottom of the ocean
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3D Underwater Sensor Networks
Three-dimensional submerged webs are utilized to notice and discern phenomena that cannot be
adequately noted by way of marine bottom sensor nodes , i.e., to present obliging sampling of the 3D
marine environment. In 3D submerged webs, sensor nodes drift at disparate depths to discern a
phenomenon. Every single sensor is anchored to the marine bottom and outfitted alongside a drifting
buoy that can be inflated by a pump. The buoy pushes the sensor towards the marine surface. The
depth of the sensor can next be manipulated by adjusting the length of the wire that links the sensor
to the anchor, by way of an electronically manipulated engine that resides on the sensor. long-range
transceivers. The external station is outfitted alongside an aural transceiver that is able to grasp
several parallel contact alongside the used UW-gateways. It is additionally endowed alongside a
long-range RF and/or satellite transmitter to converse alongside the onshore sink (os-sink) and/or to a
external sink (s-sink). In shallow water, bottom-deployed sensors/modems could undeviatingly
converse alongside the external buoy, alongside no enumerated bottom node (UW-gateway).
(i) send commands and configuration data to the sensors (UW-gateway to sensors), and
(ii) collect monitored data (sensors to UW-gateway). The vertical link is used by the UWgateways to
relay data to a surface station. In deep water applications, vertical transceivers
Underwater Sensors
The normal inner design of an submerged sensor . It consists of a main controller/CPU, that is
interfaced alongside an oceanographic instrument or sensor across a sensor interface circuitry. The
controller receives data from the sensor and it can store it in the onboard recollection, procedure it,
and dispatch it to supplementary web mechanisms by manipulating the aural modem. The electronics
are normally climbed on a construction that is protected by a PVC housing. From time to time all
sensor constituents are protected by bottom mounted instrument constructions that are projected to
permit azimuthally omni-directional aural contact, and protect sensors and modems from the possible
encounter of trawling gear, exceptionally in spans subjected to fishing activities. The protecting
construction ought to be projected so as to deflect trawling gear on encounter, by housing all
constituents beneath a low-profile pyramidal construction.

Fig 2: Underwater Sensors
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Factors Influencing Underwater Protocol
In this serving we examine the main factors in Submerged Aural (UW-A) contact that alter the
design of protocols at disparate contact layers [11] [13]. Aural contact in the submerged nature is
generally affected by transmission defeat, sound, multipath, Doppler ranges, and elevated and
variable propagation delay. All these factors ascertain the temporal and spatial variability of the aural
channel, and make the obtainable bandwidth of the submerged aural channel manipulated and
melodramatically reliant on both scope and frequency. Long-range arrangements that work above
countless tens of kilometers could have a bandwidth of merely a insufficient kHz, as a short-range
arrangement working above countless tens of meters couldn’t have extra than a hundred kHz of
bandwidth. In both cases, these factors lead to low bit rate in the order of tens of kbps for continuing
mechanisms.

Table 1: Typical bandwidths of underwater channel

Factors Influencing Underwater Protocol Design
In this serving we examine the main factors in Submerged Aural (UW-A) contact that alter the
design of protocols at disparate contact layers. Aural contact in the submerged nature is generally
affected by transmission defeat, sound, multipath, Doppler ranges, and elevated and variable
propagation delay. All these factors ascertain the temporal and spatial variability of the aural
channel, and make the obtainable bandwidth of the submerged aural channel manipulated and
melodramatically reliant on both scope and frequency. Long-range arrangements that work above
countless tens of kilometers could have a bandwidth of merely a insufficient kHz, as a short-range
arrangement working above countless tens of meters could have extra than a hundred kHz of
bandwidth. In both cases, these factors lead to low bit rate4 in the order of tens of kbps for
continuing mechanisms.

Medium Access Control Layer
There has been intensive scrutiny on MAC protocols for ad hoc and wireless terrestrial sensor webs
in the last decade. Though, due to the disparate nature of the submerged nature and requests,
continuing terrestrial MAC resolutions are improper for this environment. In fact, channel admission
manipulation in UW-ASNs poses supplementary trials due to the peculiarities of the submerged
channel, in particular manipulated bandwidth, extremely elevated and variable propagation delays,
elevated bit error rates, provisional defeats of connectivity, channel asymmetry, and comprehensive
time-varying multipath and disappearing phenomena.
Existing MAC resolutions are generally concentrated on Messenger Sense Several Admission
(CSMA) or Program Division Several Admission (CDMA). This is because Frequency Division
Sveral Admission (FDMA) is not suitable for UW-ASN due to the slim bandwidth in UW-A
channels and the vulnerability of manipulated group arrangements to disappearing and multipath.
Moreover, Period Division Several Admission (TDMA) displays manipulated bandwidth efficiency
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because of the long period guards needed in the UW-A channel. Furthermore, the variable stay
makes it extremely challenging to comprehend a precise synchronization alongside a public timing
reference
CSMA-Based MAC Protocols
Slotted FAMA[35] is established on a channel admission control shouted Floor Buy Several
Admission (FAMA). It merges both messenger detecting (CS) and a dialogue amid the basis and
receiver prior to data transmission. Across the early dialogue, manipulation packets are exchanged
amid the basis node and the aimed destination node to circumvent several transmissions at the alike
time. Even though period slotting eliminates the asynchronous nature of the protocol and the demand
for excessively long manipulation packets, therefore bestowing savings in power, guard periods
ought to be inserted in the slot period to report for each arrangement timepiece drift. In supplement,
due to the elevated propagation stay of submerged aural channels, the handshaking mechanism could
lead to low arrangement throughput, and the messenger detecting could sense the channel inactive as
a transmission is yet going on.
The encounter of the colossal propagation stay on the throughput of selected classical MAC
protocols and their variants was analyzed, and the so-called propagation stay tolerant encounter
avoidance protocol (PCAP)16 was introduced. Its goal is to fix the period consumed on setting up
links for data constructions, and to circumvent encounters by arranging the attention of sensors. Even
though PCAP proposals higher throughput than extensively utilized standard protocols for wireless
webs, it does not furnish a flexible resolution for requests alongside heterogeneous requirements. A
distributed energy-efficient MAC protocol tailored for the submerged nature was counseled, whose
goal is to save power established on nap eras alongside low obligation cycles. The counseled
resolution is severely tied to the assumption that nodes pursue nap eras, and is aimed at effectually
coordinating the nap schedules. This protocol attempts to minimize the power consumption and does
not ponder bandwidth utilization or admission stay as objectives
CDMA-Based MAC Protocols
CDMA is the most enthusing physical layer and several admission methods for UW-ASNs. In fact,
CDMA is robust to frequency discerning disappearing provoked by multipath as it is able to
discriminate amid signals simultaneously sent by several mechanisms across codes that range the
user gesture above the whole obtainable band. These permits exploiting the period diversity in
submerged aural channels by leveraging Rake filters at the receiver, so as to compensate for the
result of multipath. In this method, CDMA increases channel reuse and reduces packet
retransmissions, that consequence in cut battery consumption and increased throughput. Two codedivision spread-spectrum physical layer methods were contrasted in shallow water submerged
contact, namely Manage Sequence Range Spectrum (DSSS) and Frequency Hopping Range
Spectrum (FHSS). As in DSSS data is a range employing program alongside good auto- and crosscorrelation properties to minimize the public interference, in FHSS disparate simultaneous contact
use disparate hopping sequences and therefore send on disparate frequency bands. Interestingly, it is
shown that in the submerged nature FHSS leads to a higher bit error rate than DSSS. One more
appealing admission method in the present submerged works merges multi-carrier transmission
alongside the DSSS CDMA as it could proposal higher spectral efficiency than its single-carrier
counterpart, and could rise the flexibility to prop consolidated elevated data rate requests alongside
disparate quality of ability requirements. The main believed is to range every single data signal in the
frequency area by sending all the chips of a range signal at the alike period into a colossal number of
slim sub channels.
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Simulating Acoustic Underwater Wireless Sensor Networks
Underwater acoustic propagation depends on many factors that make designing an underwater
wireless sensor network challenging. In the following, we show how different factors may affect the
design process.
Bandwidth: The acoustic band under water is limited due to absorption; most acoustic systems
operate below 30kHz. According to, no research or commercial system can exceed 40km kb/s as the
maximum attainable range rate product. Propagation delay: The speed of RF is 3 X 108 m/s while the
acoustic signal propagation speed in an underwater acoustic channel is about 1.5 X103 m/s. The
propagation delay in underwater is five orders of magnitude higher than in RF. the low speed of
sound causes multi-path propagation to stretch over time delay. It greatly effects the real-time
application of UWSN.
Shadow zones: It can be defined as the area with high bit error rates and temporary losses of
connectivity due to the extreme characteristics of the underwater channel. Salinity, density and
temperature variations of the water can influence acoustic communication, such as temporary losses
of connectivity.

figure above shows the channel gain at the channel range at d0= 300m
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The figure above shows the effect of raising the distance d0=1000m, by increasing the channel
distance delay is improved throughout of the propagation time. So it can be concluded that
underwater channel communication at this range is better .
Conclusion
In terrestrial wireless sensor webs, the nodes use wireless frequency (RF) to craft up the
communication. In submerged settings, due to water absorption, wireless wave does not work well.
There are countless examinations in the design of submerged aural webs such as node's battery
manipulation is manipulated and the obtainable bandwidth is harshly limited. The channel suffers
from long and variable propagation delays, multi-path and vanishing problems; Bit error rates are
normally tremendously high; Also, Submerged sensors are prone to recurrent wrecks because of
fouling, corrosion, etc. we nowadays have a maximum understanding of the submerged aural channel
characteristics, can we softly make the submerged aural transmission arrangement to match
alongside the real marine nature, to finish larger performance. The models of submerged aural
channel usually encompass the deep vertical channel flawless and the shallow-water multi-path
channel flawless, as the shallow-water multi-path channel flawless can be rip into multi-path flawless
instituted on beam theory, random time-varying filter channel flawless and random statistical
channel model. This scutiny endeavored to simulate the submerged aural channel across instituted
mathematical models successfully. The notice elaborated varied properties of the aural channel by
retaining MATLAB multimedia simulation.
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