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Abstract

In Underwater - Acoustic Sensor Networks (UW-ASN), a node in a sensor, used to collect information from
seabed, monitoring pollution, and different applications on surveillance. The sensor nodes are failed because of
fouling and decomposition. The sensor nodes in Sensor network (WSN) consists of a transmitter, battery and
receiver and a processor. Recharging or replacing a battery is not possible every time. So, the critical issue lies
in the balancing of energy during communication. In this paper, a Routing called Inter-Intra Cluster Energy
Balanced Routing (I2CEBR) protocol is implemented for UWASN in order to overcome latency and other
interference to balance the energy for entire network. The routing protocol proposed for energy balancing
between the nodes is used to communicate the sensed data. The implementation of network coding in inter and
intra cluster, in order to achieve the needs of reducing energy consumption of node and extending the lifetime
for network. Our outcome reveals the proposed I2CEBR protocol that can release the frequency of failure in
node, determining energy usage of each node and efficiently extending the network lifetime.I2CEBR effectively
fulfills energy-efficiency, until the end of throughput and delay in consideration with other protocols.
Key words: Inter-Intra Cluster, Energy Efficiency, Network Coding, Underwater Acoustic Sensor Networks
Introduction
Submerged correspondence framework configuration is the most difficult fields of the marine examination.
Submerged acoustic in sensor organizing is the passing innovation for the applications. Lowered Acoustic
Sensor liveliness (UWASNs) can be executed with moving synergistic check assignments over a foreordained
area. To show up at the goal, sensors and vehicles mythical being assembled in a self-overseeing association that
acclimates to the features of the tide environment [1].Submerged sensor hubs and vehicles should have the
ability to associate their functionalities by trading arrangement, area and development data, and to communicate
checked information to a coastal station.
Numerous analysts as of now engaged with developing systems administration answers for natural remote
impromptu and sensor organizations. Notwithstanding the way that in presence of various shows for destroyed
sensor associations, the indisputable segment of the lowered acoustic correspondence channel requires
outstandingly powerful in the midst of data correspondence shows to meet the confined information
transmission cutoff and variable deferrals [2]. To layout a compelling correspondence procedure, new
conventions and electronic gadgets must be formulated since it is currently consistently conceivable to bring the
solid experience created in the field of earthly organization plan to that of submerged ones. Truth be told, the
traditional radio recurrence (RF) correspondence methods perform wastefully in submerged situations because
of their speedy constriction and sign ingestion. The presence of shadow zones and the multipath impact likewise
causes the weakening of the sign relies upon the sign speed as the profundity differs and saltiness of the water.
Respect to this, the significant test lies with regards to planning the steering convention. Mechanical and
scholarly scientists have committed huge endeavors toward this path, and have proposed a few arrangements. In
UWASNs, steering conventions guarantee proficient information transmission between the sent sensor hubs,
submerged vehicles, versatile sinks and the on-surface sinks. In addition, the information gathered by the onsurface sinks is moved to the coastal base station as a rule through RF or satellite correspondence. There are
different characterizations of steering conventions dependent on different directing belief systems. Some of
them incorporate Sender based, Beneficiary based, Entrepreneurial, Profundity based, Restriction based and
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Confinement free directing conventions. These characterizations were valuable in the selection of conventions
utilized for directing by thinking about of the objectives needed for executions of submerged.
Related Works
The headway of submerged correspondence is vital for the logical exploration local area as seas cover the 70%
of the World's surface [3]. Presence of sea, oceans, streams, and lakes drives the significant parts of our
everyday life since it gives a successful medium to trade and move. As per [4], around 95% of the volume of the
seas is neglected, consequently leaving enormous degree for development in research.
In the previous hundred years, the vast majority of the exploration identified with submerged correspondence
has been for the most part accomplished for military purposes during the universal conflicts. The three
preeminent methods for correspondence in submerged organizations incorporates acoustic, radio-recurrence
(RF) and optical correspondence. Because of its natural attributes, scientists favor acoustic sign for the
submerged correspondence as high-recurrence electromagnetic waves defy outrageous difficulties brought about
by the watery climate.
The fiber optic is likewise considered as a potential mechanism of correspondence, however it has its own
imperatives that incorporate high dissipating and huge organization cost because of the huge inclusion zone
necessity of submerged organizations.
Significant disclosures created in submerged exploration were made after the proposition dependent on the
condition of detached sonar [5] which models the divert misfortune in the submerged correspondence. In the
endmost few decades, Submerged Remote Sensor Organizations (UWSNs) had been arisen as a significant
theme in sea-going exploration [6,7].
Acoustic communication [8] is widely adopted in underwater environments because of their two major
properties. First, it faces low signal interference due to its longitudinal nature. Second, it can travel to a large
distance due to its very low frequency while high frequency signal is absorbed in the water quickly.
In the design of UWSNs, we have to account for some aspects that are crucial for their correct operation:
UWSN nodes are strengthening by a battery whose replacement is particularly challenging. Therefore, one of
the significant aspects that we have to consider when we evaluate the performance of a protocol is its expected
energy consumption and if it has the capability of balancing the energy consumption among the nodes. Wave
motion makes maintaining permanent routes in the underwater environment extremely difficult.
Therefore, protocols like Adhoc On-demand Distance Vector (AODV) [9] that search for a route and then
maintain it fora long time are not applicable in general. The communication speed of the acoustic signal in
aqueous environment varies from 1450 to 1500 m/s which cause an increased transmission delay. It poses
serious challenges for the delay sensitive applications, e.g., seismic monitoring and flood detection etc.
The uninvolved sonar condition figures the force utilization of an acoustic sign in submerged sensor network
introduced in [10]. It computes the Sign to-Commotion Proportion (SNR) at the collector, wherein the
transmission power and the ingestion misfortune assumes an imperative part. The authors suggest the utilization
of underwater vehicles and effective strategies of deployment in sensor nodes had a way to tackle the issues of
high end-to-end delay and coverage hole. They discuss the challenges for specific underwater applications and
propose the possible solutions in the context of 2D and 3D UWSN communication architectures.
Furthermore, they classify the communication schemes, according to the model of OSI layer and concentrate on
the design of offline localization schemes to improve the performance of these proposed communication
schemes.
In [11], the creators introduced a plan on Novel Routing; A Channel Aware Routing Protocol (CARP) that
checks real correspondence between the bounces, in light of the proportion of bundle conveyance to the prompt
collectors. Moreover, shadow zones of the network wereidentified from successful previous transmission and
overall network throughput has been improved. Altogether, the plan inclines toward the hubs with high
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likelihood of effective transmission to improve the general organization throughput, which is amazingly
valuable for the information mindful submerged applications.
Creators in [12], proposed a fragmented information transport convention (SDRT) which mostly utilized with
block by block bundle transmission. They likewise join forward blunder revision (FEC) and programmed rehash
demand (ARQ) to define their half breed approach and improve the channel use. The proposed scheme offers a
replacement for the transport layer protocols designed for terrestrial networks (i.e., TCP and UDP) which
doesn’t suites for the underwater environment. In block-by-block transmission, they implement a transmission
window idea to avoid the congestion.
Proposed I2Cebr protocol
Submerged Acoustic sensor organization (UWASN) alludes to a bunch of sensor hubs were sent in a zone which
screens the oceanographic conditions and record them and send it to a focal area for additional examination and
study. UWASN has quite a few sensor hubs from two or three hundreds to thousands. Sensor hub is gear that
comprise a radio handset alongside a receiving wire, a miniature regulator, an electronic circuit and a fuel source
(for example battery).
Each hub in an organization detects the progressions made in sea and send this data to different hubs, so that
changes are in information on each and every other hub. Sensor hubs are incredible for arrangement in
unfriendly climate or extremely enormous geological districts. In UWASN the presumption made is Battery life
of hub is straightforwardly relative to Organize lifetime.
Another serious issue is to make the calculation energy proficient. In homogenous grouped directing calculation,
an organization is partitioned into a few bunches and each bunch has a bunch head, who speak with the base
station for the benefit of all hubs in the bunch. Numerous calculations, improve the organization lifetime by
choosing the group top of the bunch. Upgrades like applying subterranean insect settlement advancement,
differential development, choice dependent on lingering energy of hubs.
During the investigation of energy effective calculation, improvement of energy-adjusted in submerged remote
sensor network dependent on profundity limit and energy level parcel is proposed in [13].Many solutions were
proposed like ordering the cluster head role in fixed pattern and increase the network lifetime. But each
algorithm or protocol has some drawbacks.
The main objective of the project is to study the inter-intra energy efficient algorithm of underwater acoustic
sensor network i.e. Depth Based Routing (DBR), Probability Depth Based Routing Protocol (PDBE) and
findings the gaps among them.
The main gap is selection of Cluster Head and balancing of energy for every round has been shortlisted to be
addressed in the presented work.
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Figure 1 Flow Diagram forI2 CEBR Protocol
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A.

B.

Network Model
i.

All sensors where heterogeneous, foreordained and arbitrarily conveyed inside the correspondence
scope of sink hub.

ii.

Every hub was expected to utilize something similar, fixed force level for the intra-bunch
correspondence. In entomb group correspondence, CHs are equipped for expanding the level of its
transmission ability to arrive at its sink hub and the sink hubs can likewise differs the measure of
transmission power to control the force as indicated by the distance of the ideal recipient.

iii.

A sensor hub which screen occasions or ecological conditions, like temperature, pressing factor, and
saltiness.

iv.

Each sensor hub had inalienable ID (recognizable proof number) for ID reason.

v.

A bunch-based association can be allotted into disjoint packs. Each pack contains one gathering head
(CH) and its people. Each CH assembles the data from its people and imparts the took care of data.

vi.

The OFDMA plot was utilized. Each bunch utilizesan alternate recurrence, between group
correspondence spine was worked by utilizing OFDMA, individuals use Organization Coding
Calculation and OFDMA procedure was utilized to send information to the neighbor bunch.

Mechanism of I2CEBR Protocol

The capacity of I2CEBR convention depended on emphases alluding to Filter. Every cycle where starts with an
instatement stage, when the bunch heads are chosen and the groups are coordinated, trailed by an information
move stage when the intra-group data are traded, the part hubs are picked, and the blended information were
sent to the bury group heads.
Here, we have a tendency to ponder the association circumstances as hub (1 ≤ I ≤ 6) must communicate its
knowledge to hub i.e., wants to impart its info tocenter purpose i.e., all of the centers within the pack broadcast
info to the wide scope of various centers during a comparative gathering. Centers in detector packs area unit
parceled into 2 sorts: bunch head and bundle half center points.
Acknowledge that every center purpose will adequately impart info to the relating bunch head within a given
transmission vary. The transmission varies wherever same for all center points, whereas bunch head will show
up at each center in bundle by just one hop.
All gathering half centers won’t have the earth science data. For every centers, there’ll exist in any occasion one
alternative center, with the last word objective that the two center points transmission vary covers the complete
gathering. Let demonstrate the arduous and quick variety of transmissions that’s expected to end the data
exchange cycle, and let imply the quantity of half center points within the pack.
In down acoustic remote device associations, the supreme energy fed on will be attended because the live of
transmitter Energy, Recipient Energy, police work Energy and Calculation. Energy nominative as,
Et = Ete+Ere+Ea+Eb
C.

(1)

Submerged Channel Model

In the submerged climate, acoustic channel alteration of distance m is often communicated as,
A(m) = mm

(2)

Where λ is the energy spreading factor (1.5 for functional) ingestion coefficient. The uptake constant for the
repetition scope of interest is decided by Thorp’s look [14]
10 log( ( f ) = 0.11

f2
f2
+ 44
+ 2.75 10 − 4 f 2 + 0.003
2
4100 + f
1+ f

(3)

in dB/ km for f in kHz.
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D.

Power Model

Figure 2 shows the energy model for detector hub. During this work, we have a tendency to expect a basic
model wherever the radio disperses spot to run the transmitter or beneficiary hardware and for the communicate
speaker to accomplish a worthy.
We likewise expect the packetlength is.

Transmit Electronics

Transmit Amplifier

Receiver Electronics

Figure 2 Power Model of Mica 2 Mote
To communicate an information bundle starting with one hub then onto the next above an interval d, the
energyattiring in submerged channel of every hub is,
E(m) = Et(m) + Er(m)

(3)

Et(m) = S(Eel + εam) + Pt × (S/(α × B(m)))

(4)

Er(m) = S(Eel + ED) + Pr ×(S/(α × B(m)))

(5)

Here, pt and pr is communicate and get power separately, free of distance rather relies upon the intricacy of the
get activities, S is packet dimension; B(m) is the transmission capacity available and  is transmission capacity
accessible and is the transfer speed proficiency of the regulation in bps/Hz, Eelis an unit energy devoured by the
gadgets to handle the slightest bit of data,εamis energy devoured by intensifier, ED is the power for data fusion.
In presentation stage, both the pack head and non-bunch head center points eat up energy. From the beginning it
absolutely was traditional that every one the detector center points have different proportion of energy. Within
the political race stage, the pack head initially sends business messages to all or any the non-bunch head center
points. Next the assistant center gets the imparted messages from the various gathering heads and subject to the
got signal strength it picks its own bundle head. The energy exhausted by the bundle head is given by
condition(6).
E k = Nasn (Eel + η (Eel Tb Etεam)) + S εamm2snk

N asn

is number of partner nodes,

(6)

 alludes to us information conglomeration proportion, Tb is a bit term.

The energy eaten up by unclustered head hubs is stated by condition (7).
Ekt = SEel + Tb Ptεam

(7)

From equation (6) and (7) the complete energy devoured by groups is specified by,
𝑁
𝐸𝑡 = ∑𝑁
1 𝐸𝑘 + ∑1 𝐸𝑘𝑖

(8)

The initial segment of the condition (8) states the energy consumed to get the data from bunches and the next
piece of the condition states the energy used to send the affirmation data to the comparing group head.The ideal
variety of teams will be determined by positioning the subsidiary of the absolutely the energy regarding zero.
𝑚𝐸𝑡
𝑚𝑘

=0

(9)
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By equation (8) we acquired the absolute energy given underneath,
4
𝐸𝑡 = [𝑁𝑎𝑠𝑛 (𝐸𝑒𝑙 + 𝜂(𝐸𝑒𝑙 𝑇𝑏 𝐸𝑡 𝜀𝑎𝑚 )) + 𝑆𝜀𝑎𝑚 𝑚𝑠𝑛𝑘
] + 𝑆𝐸𝑒𝑙 + 𝑇𝑏 𝑃𝑡 𝜀𝑎𝑚

(10)

The ideal number of bunches can be gotten as follows
𝑚𝐸𝑡
𝑚𝑘

=

4
[𝑁𝑎𝑠𝑛(𝐸𝑒𝑙 +𝜂(𝐸𝑒𝑙 𝑇𝑏 𝐸𝑡 𝜀𝑎𝑚 ))+𝑆𝜀𝑎𝑚 𝑚𝑠𝑛𝑘
]+𝑆𝐸𝑒𝑙 +𝑇𝑏 𝑃𝑡 𝜀𝑎𝑚

𝑚𝑘

=0

(11)

After freeing we tend to get the perfect range of groups that isstated in condition (12)
𝑘𝑜𝑝𝑡 = √
E.

𝑁
2𝜋

𝑀

√𝜀𝑎𝑚 𝑚2

(12)

𝑠𝑛𝑘

Cluster Forming

After the appointment of bunch heads, the other partner hubs will decide its own group, in light of the got
communication power of notices in cluster heads. Figure 3 exhibits the timetable for the spherical of I2CEBR
convention.

Initialization
Phase

Round 1
Data
Transfer
Phase

Initialization
Phase

Round 2
Data
Transfer
Phase

Inter Cluster Communication

Cluster Head
Selection

Cluster Formation

Node
1

Node
2

Node
3

---------

Node
n

Associate
node
Selection

Inter Cluster Head
information
exchange

Figure 3 Clusters and Cluster Head Formation
F.

Intra-cluster Communication

In the instatement stage, regardless of centers from the gathering heads (CHs) make bits by distinctive
knowledge with a transferencelikelihood P in several time designations of every spherical. The center points
inside a bundle would exchange their information as demonstrated by OFDMA plan, set up came upon by the
gathering head. We have a tendency to use the knowledge exchange, that may be a type of all-to-all
correspondence, therefore the gathering heads donot transmit combined knowledge to each accomplice center
point yet simply need to apportion those centers.The customary strategies for addressing the intra group data
trade issues are flooding, transferring or steering. In I2CEBR convention, we utilized organization coding to
decrease energy utilization and start to finish delay.
Partner Hub Choice for each round, with the partner hub's number is chosen by the limit

=
E rem

E rem
Ptx −m

(13)

P

is the remaining power of every node and tx − m is the transference power for a locality hubcausing
onecycle data to the sink hub. All the chose part hubs have the biggest estimation of  are allotted in a group.
To tackle the intra-bunch correspondence issue, there are number of strategies: flooding, steering, handing-off
and network coding.
G.

Intra and Inter Cluster Communication Using Network coding

The nature of broadcasting in wireless medium, gives rise to more situations where network coding is beneficial.
Figure 4 shows the group model for intra bunch data trade for arbitrary geography. As per irregular directing,
every hub doesn't have the foggiest idea about the worldwide data about the group and can just speak with its
neighbors.
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N4
N6
N1

N3
N2

N5

Figure 4 Aggregate Model for Intra-cluster Info Interchange
In arbitrary geography, it is hard to ascertain the precise transmission number in irregular directing manner.

O(Trouting )
In any case, The normal transmission jump is accessed as O( n ) , so
=

( ).
2

On n

In intra cluster situation each node within the cluster has to broadcasts the knowledge just once therefore the

n
cluster head simply would like broadcasts 2 coded packets.
Thus, the variety of transmissionsin network coding algorithm is
𝑁𝐶𝐺 = 𝑛 +

𝑛 3
= 𝑛
2 2

N1

x1
N6

N1

x1
x1

x1+x4

N2

x1+x4

x1+x4
x1+x4

x4
N5

N3

x4

x4

N2

N6

x1+x4

N3

N5

x1+x4
N4

N4

Figure 5 Intra-cluster Info Interchange using Network Coding Algorithm
Every hub simply sends own data straightforwardly to the bunch head without knowing some other data like
geography geology, and so forth.
n

By utilizing network code calculation, the group head will all things considered transmission additional 2
bundles in the event that that a few hubs have not adequate data to interpret the parcels. For instance, in Fig.5 if
peer

N6

is known for the transmission vary of node

N1 and N 4 , in consequence N 6 does not acquire x1 and
N6

x4, however solely receive x1  x4 x1 from cluster head. Therefore, node
cannot decrypt the data by
itself. Therefore, the cluster head must broadcast x1 or x4 to those nodes that haven’t skilled knowledge to
3
translate the approaching knowledge. Therefore, 2 𝑛 ≤ 𝑇𝑁𝐶𝐺 ≤ 2𝑛 = 𝑇𝑟𝑦 .
H.

Algorithm

To adjust energy and draw out the lifetime of the organization, energy adjusted bunching calculation was
planned. In this the sink hub separates the hubs into bunches in accordance with the places of the hubs and
energy level of the sensors. Let
looks like:

x = (x1 , x 2 , x 3 , ..... x m ........xn )

be the set of node coordinates, and the algorithm
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Step 1A hub in set x is arbitrarily picked as the number 1 bunch place c1 . The sink hub registers the distances
between the new group place and different hubs. A new node

d (xm .c p )

xm

is chosen as a new cluster center

cp

while the

2

 d (x .c )
n

2

probability of being chosen is,

cp

, and the

j =1

j

p

. Where

d (xm .c p )

is the Euclidean distance between

xm

and

p is the group number.

Step 2 Repeat step 1 until all the bunch heads of

k groups are determined.

Step 3The distance between every hub to each group center is determined, what's more, the hub is registered to
the closest bunch head. It is denoted by

xi c p

, where

Step 4The new bunch head in each group is meant by

cp

p

is the set of nodes in cluster

(

c p = 1/ c p

)

xh c p

xh

, where

p  1, 2, 3, ......k

Step 5 Repeat steps 4 until arriving at the quantity of setting cycles is finished.
Quantitative Analysis
The radio correspondence and energy utilization depicted in Table 1. The power debilitating is dependent on the
distance between the transmitter and recipient.
For modestly short distances, the expansion hardship can be shown as on the other hand comparative with, while
for longer distances, the spread misfortune can be displayed as contrarily corresponding to.
Force control can be utilized to alter this misfortune by setting the influence intensifier to guarantee a specific
influence at the beneficiary. Utilizing the given radio and energy utilization models, the energy devoured in
communicating 1-digit for a more limited distance, the radio exhausts,

ETS = l  Eelec + l   fs  d 2

(14)

For sending a l-bit message over a more drawn out distance d , the energy utilization is,

ETL = l  Eelec + l m p  d 4

(15)

The energy exhausted by the radio to get the l-digit message is specified by,

E R = lE elec + lE DA

(16)

The Hardware energy, is the energy burned-through in the gadgets circuit to communicate or get the sign which
relies upon elements like the advanced coding, tweak and sifting of the sign before it is shipped off the send
intensifier. While utilizing DS-SS, the gadgets energy represents the spreading of The Hardware energy, is the
energy burned-through in the hardware circuit to communicate or get the sign which relies upon variables like
the computerized coding, regulation and separating of the sign before it was shipped off the send speaker.
While using DS-SS, the contraptions energy addresses the spreading of the data when sending and the
association of the data with the spreading code while tolerating. The intensifier energy or, relies upon the
distance to the recipient and the adequate piece mistake rate.
Simulation Setup and simulation results
In the wake of running the proposed convention with the accompanying ecological based instrument, we have
concocted the outcomes as far as Total energy utilization, Number of Alive Nodes, Number of Dead Nodes,
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Packet Delivery Ratio and Throughput. Likewise, we contrast our proposed convention and the generally
existing directing convention like DBR and PDBR.
Parameters
Network Size
Initial energy for each sensor node
Packet Length
Energy in idle state
Accretion energy
Inter cluster Energy when d>=do
Inter cluster energy when d<=do
Intra cluster energy when d>=d1
Intra Cluster energy when d<=d1
Location of BS
Total number of nodes
Total number of rounds

Value
300x300 m2
0.5J
1000 bits
50 nJ/bit
5 nJ/bit
E1=10pJ/bit/m2
E2=0.0013pJ/bit/m2
E11=E1/10
E22=E2/10
X=50; Y=50
100
1500

Figure 6 Simulation Scenario
Performance Analysis
I2CEBR convention is coordinated into adjusts, where every one of them starts with a set-up stage, and is trailed
by information move stage.
Typically, the last stage is longer than the previous stage. Their sub-stages incorporate notice, group set-up, plan
creation, and information transmission stages.
In commercial stage, oneself chose bunch heads broadcast promotion messages in their groups and the nonbunch head hubs choose which groups they have a place with which bunch depends on the got signal strength.
A. Number of Alive Nodes
Figure 7 shows an energy effectiveness of I2CEBR convention. The quantity of alive hubs was determined for
each round to discover the energy proficiency of the organizations. In the proposed convention of heterogeneous
framework is number of alive hubs is expanded close to 80% than the DBR and 60% than PDBR heterogeneous
framework and lifetime of the organizations additionally expanded.
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Figure 7 Number of Alive Nodes
B. Quantifying Dead Nodes
Figure 8 exhibits the quantifying dead hubsabovethe long run of the I2CEBR protocol.

Figure 8Quantifying of DeadHubs
C. Energy Utilization
The essential intention of the leading shows the capable transport of knowledge between sensing elementcentres
and therefore the sink. What is more, sensing element centre point's life depends upon the controlled battery and
that they would use their confined energy resource throughout recognizing, designing and correspondence live.
Particularly, the interaction of correspondence burns-through plenty of energy. Along these lines, the energy
productive directing conventions and calculations should be painstakingly planned.

Figure 9 Total Energy Consumption
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D. Throughput
Throughput insinuates the proportion of information adequately stirred from source to a gatherer in an
exceedingly given time, unremarkably assessed in items or bytes every second. It is suffering from varied
segments, as an example, the viability of impact rejection, management overhead, channel use, and inertia. Like
dormancy, the significance of turnout depends upon varied implementation.

Figure 10 Throughput
Conclusion
DBR convention was one of the directing conventions, in light of bunching calculation used to ascertain the
energy effectiveness of the organization. An I2CEBR convention is proposed, based on existing DBR and
PDBR conventions to save the energy of the organization.
Energy proficiency is investigated by the count of the quantity of alive hubs in the organization by thinking
about the quantity of rounds. The exhibition examination utilizing NS-2 shows that the quantity of alive hubs is
expanding in each round than leaving calculation.
Accordingly, the I2CEBR convention is reasonable to save the energy of the organization, likewise expanding
the quantity of alive hubs and energy productive.
References
1.
2.
3.
4.
5.
6.

7.

8.

J. Catipovic, Performance limitations in underwater acoustictelemetry, IEEE Journal of Oceanic
Engineering 15 (3), 205–216, 1990.
J.D.Proakis, E.M. Sozer, J.A. Rice, M. Stojanovic,Shallow water acoustic networks, IEEE
Communications Magazine 39 (11), 114–119, 2001.
W. H. O. I. (WHOI), “Know your ocean.” https://www.whoi.edu/know-your-ocean, 2018.
S. Jiang, “On reliable data transfer in underwater acoustic networks: a survey from networking
perspective,” IEEE Communications Surveys & Tutorials, vol. 20, no. 2, pp. 1036–1055, 2018.
G. Carter, “Time delay estimation for passive sonar signal processing,” IEEE Transactions on Acoustics,
Speech, and Signal Processing, vol. 29, no. 3, pp. 463–470, 1981.
A. Caiti, K. Grythe, J. M. Hovem, S. M. Jesus, A. Lie, A. Munafò, T. A. Reinen, A. Silva, and F. Zabel,
“Linking acoustic communications and network performance: Integration and experimentation of an
underwater acoustic network,” IEEE Journal of Oceanic Engineering, vol. 38, no. 4, pp. 758–771, 2013.
H. Luo, K. Wu, R. Ruby, F. Hong, Z. Guo, and L. M. Ni, “Simulation and experimentation platforms for
underwater acoustic sensor networks: Advancements and challenges,” ACM Computing Surveys (CSUR),
vol. 50, no. 2, pp. 28:1–28:44, 2017.
R. W. Coutinho, A. Boukerche, L. F. Vieira, and A. A. Loureiro, “Underwater wireless sensor networks: A
new challenge for topology control–based systems,” ACM Computing Surveys (CSUR), vol. 51, no. 1, pp.
19–55, 2018.

167

International Journal of Modern Agriculture
ISSN: 2305-7246
Volume 10 Issue 3, 2021
__________________________________________________________________________________
9.

10.

11.
12.
13.

14.

I. D. Chakeres and E. M. Belding-Royer, “Aodv routing protocol implementation design,” in accepted in
the Proceedings of the 24th International Conference on Distributed Computing Systems Workshops,
2004., pp. 698–703, IEEE, 2004.
A. F. Harris III and M. Zorzi, “Modeling the underwater acoustic channel in ns2,” inaccepted in the
Proceedings of the 2nd international conference on Performance evaluation methodologies and tools,
Valuetools, p. 18, 2007.
S. Basagni, C. Petrioli, R. Petroccia, and D. Spaccini, “Carp: A channel-aware routing protocol for
underwater acoustic wireless networks,” Ad Hoc Networks, vol. 34, pp. 92–104, 2015.
P. Xie, Z. Zhou, Z. Peng, J.-H. Cui, and Z. Shi, “Sdrt: A reliable data transport protocol for underwater
sensor networks,” Ad Hoc Networks, vol. 8, no. 7, pp. 708–722, 2010.
Pan Feng,Danyang Qin, Ping Ji, Min Zhao, RuolinGuoandTekluMerhawitBerhane, “Improved energybalanced algorithm for underwater wireless sensor networkbased on depth threshold and energy level
partition”EURASIP Journal onWireless Communications andNetworking, 2019.
T.V.Padmavathy,Gayathri.V, Indhumathi.V and Karthiga.G,“Network Lifetime Extension based on
Network Coding Technique in Underwater Acoustic Sensor Networks”, International Journal of
Distributed and Parallel Systems (IJDPS) Vol.3, No.3, May 2012.

168

