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Abstract

Modern Underwater Wireless Sensor Networks (UWSN) would provide big administrations with numerous underwater survey-
ing and technical applications, working in the unstable submerged deep-water conditions. A huge obstacle in these networks is
the lifetime limit. The submerged correspondence frameworks mostly employ acoustic communication today. Acoustic inter-
change communication offers longer ranges that are yet limited by three variables: restricted and subordinate data transmission,
time-differing multi-way engendering and low speed of sound. In this paper, an AUV (Autonomous Underwater Vehicle)-
assisted acoustic correspondence convention, specifically Energy Efficiency Maximization Algorithm (EEMA) has been pro-
posed to minimize the energy consumption. Underwater sensor networks depend on the hub ceaseless operation, the restricted
correspondence transmission capacity and the hub lifetime, which entails difficulties in the operation of USWN. The proposed
system will enhance the lifetime by lessening the number of bounces amid sensor transmissions, which fundamentally lessens
time utilization and lifetime. Dynamic AUV ways and dynamic gateway assignments will enhance lifetime — proficiency balance
proportion in the submerged system. To decrease the system energy utilization with an acceptable conveyance proportion is
recommended. The Experimental results show that the proposed methodology has improved the level of energy compared with
related techniques.

Keywords Underwater sensor networks - Transmit path/route - AUV route devising - Transmit assisted route devising

Introduction underwater vehicles (AUVs) (Dai et al. 2020), as an expansion
to cabled frameworks. For instance, cabled sea observatories
are being planned on underwater links to convey a solid fibre-

optic system of sensors (Lin et al. 2020). These links will

Underwater Submerged remote detecting frameworks are pic-
tured for complete application supported by autonomous
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bolster correspondence passages plentifully, as cell base sta-
tions are associated with the phone, permitting clients to con-
vey from spots wherever links cannot reach (Li et al. 2020).
Another model is based on cabled submersibles, named as
remotely worked vehicles (ROVs) (Eidsvik and Schjolberg
2018). These are associated with the mother dispatch by a link
that may allow fast transmissions over some miles of distance,
with high capacity to complete remote communication
(Teague et al. 2018).

Presently, vehicle innovation and detecting component in-
novation allow to energize submerged detecting component
systems (Zapadka et al. 2020) (Yoon et al. 2012). Submerged
correspondence frameworks nowadays broadly utilize acous-
tic innovation (Ruoyu et al. 2013). Correspondence methods,
as optical and radio-recurrence, are ready for short-run joins
(commonly 2—-15 m), wherever a steep data frequency (MHz)
will undergo misuse (Ali and Jung 2014). All the signals less-
en in all respects rapidly, inside certain meters (radio) or sev-
eral meters (optical), requiring either high-voltage or enor-
mous reception apparatuses (Yu et al. 2020). Acoustic corre-
spondences give longer ranges, anyway square measure is
influenced by 3 factors: confined and removed subordinate
data measure, time-differing multi-way spread and low speed
of sound (Peng and Kong 2020). Together, these elements
lead to a station of low quality and high inertness, so it makes
correspondence of earthbound portable and satellite radio sta-
tions much difficult (Yadav and Kumar 2019).

Among the essential Underwater Acoustic Frameworks
was the submarine correspondence framework created inside
the USA amid the end of the Second World War. It utilized
simple balance inside the 811 rate groups. Since then, inves-
tigation has pushed advanced modulation— discovery proce-
dures into the bleeding edge of ongoing acoustic interchanges
(Luo and Han 2019). At present, numerous styles are repre-
sented for acoustic modem square measure, presenting capa-
ble of operating with certain kilobits every second (kbps) over
separations up to certain kilometres. In spite of these advanced
outcomes, square measure is still inside the space of test in-
vestigation (Luo et al. 2019).

In addition, acoustic modems square measure commonly
confines to half-duplex task. These limitations infer that
acoustic-cognizant convention styles will offer higher effi-
ciencies than direct use of conventions produced for earthly
systems (Al-Salti et al. 2019). Furthermore, for secured de-
tecting component systems, vitality power is as fundamental
as in earthbound systems, because battery re-charging under-
neath the sea surface is troublesome and expensive (Ahmed
et al. 2017). This is one of the most significant features that
distinguish underwater sensing element networks from their
global complement, and basically changes several network
style paradigms that square measure or else engaged as right
(Wang et al. 2016). Whereas these days there are not habitu-
ally operational underwater sensing element networks, their
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development is close. The basic frameworks typify armadas of
collaborating self-sufficient vehicles and long-run deployable
base ascended detecting component systems (Abbas et al.
2015). Dynamic investigation that powers this improvement
is the primary subject of our paper.

The main objectives of the presented work are:

i.  Underwater Remotely Operated vehicle is used to remain
stationary at the natural disasters for data collecting
functionality.

it. The routing path has been successfully constructed using
the sink node and the energy utilization from the cluster
head is forwarded through the cluster members.

iii. The objective function is used to reduce the entire data
collection cost in every round for maintaining the routing
path in Underwater surroundings.

iv. The performance of the proposed method is analyzed for
effective routing in underwater mobile sensor networks
in terms of throughput, delay, delivery ratio and the net-
work lifetime.

Related works

In this part, we confer the feasibleness of our hypothesis by
observing varied recent research in Underwater Wireless
Sensor Networks (UWSNSs) (Pavitra and Janani 2019). The
submerged remote interchanges will cause changes in a few
logical, natural, business, security, and military applications.
Remote flag transmission is furthermore significant to oversee
instruments in sea and to change the harmonization of swarms
of self-ruling submerged robots, assuming the job of portable
nodules in future sea perception arranges through their adapt-
ability and re-configurability (Goyal et al. 2017). To make
submerged developments practical, correspondence conven-
tions among submerged gadgets, supported by acoustic re-
mote innovations allowing region unit separations of more
than 100 m, ought to be empowered with the high lessening
and dispersing that influence radio and optical waves, sever-
ally (Ali et al. 2012). The attributes of submerged acoustic
channels like confined and separate ward data measure, high
proliferation postponements, and time shifted multipath, make
necessary new, conservative and dependable correspondence
conventions to organize various gadgets, either static or por-
table, most likely over numerous jumps (1°Goyal et al. 2020).

In the modern days, the demand for the discrimination of
underwater components in the underwater medium is slightly
higher (Feng et al. 2019). Moreover, the propensity to prohibit
terrestrial network protocols has attenuated and inclusion of
water is the biggest challenge for producing the result with the
usage of optical waves and radio waves (Bhattacharjya et al.
2019). The formation of underwater networks has the most of
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redundant messages; therefore we need to minimize these re-
dundant messages. The tendency has been to propose integra-
tion techniques between localization and transmission that
were mentioned one by one thus far, by merely enlarging
management packets changed for localization (Khan and
Dwivedi 2018). The output is to economically setup the net-
work. At last, we have a tendency to show the effectiveness of
the projected techniques by theoretical account (Goyal et al.
2019).

Expanding the correspondence execution in an Underwater
Wireless detecting component Network is troublesome due to
the unpredictable attributes of the submerged setting (Hirai
et al. 2012). Radio signs cannot appropriately spread sub-
merged, subsequently there is a need for acoustic innovation
which will bolster higher learning rates and dependable sub-
merged remote interchanges (Ghoreyshi et al. 2018). Nodule
quality, 3-D territories and level correspondence joins region
unit imply some imperative difficulties to the examination
specialist in arranging new transmit conventions for UWSNs
(Shen et al. 2019). In this paper, we have anticipated a one of a
kind transmit convention known as Layer to layer Angle-
Based Flooding (L2-ABF) (Goyal et al. 2016) to manage the
problems of nonstop nodule developments, start to finish post-
ponements and vitality utilization. In L2-ABF, every nodule
will ascertain its flooding edge to advance information bun-
dles toward the sinks while not exploiting any express design
or area data. The generated results demonstrate that L2-ABF
has a few advantages regarding current flooding related pro-
cedures and may likewise essentially oversee quickly transmit
changes wherever nodule development’s region unit visit (Ali
etal. 2014).

Pre-established secret keys in the area unit are typically
used to code and decode information in communication sys-
tems, as well as underwater acoustic (UWA) systems (Kalkan
and Levi 2014). Additionally, once the elevated area unit is
compromised, the transmission is not protected. Therefore, it
is important to propose models of distributed secret keys with-
in the field (Guo et al. 2019). The methodology is to get secret
keys dynamically according to the related channel capacity
that depends on the unpredictability within the atmosphere
and does not need the confidentiality of data changed through-
out the method. However, the generated key is compromised
with the channel frequency responses (Fu et al. 2017).

The energy efficient grid related geographical routing pro-
tocol for UWSN (Salti et al. 2017) is implemented for increas-
ing the residual energy. The dynamic layered dual based clus-
ter heads are used for an efficient routing methodology (Jiang
et al. 2016). The energy level is increased with cubical related
path planning called EECPPA (Aslam et al. 2017). E-CARP
has been implemented for data transmission in internet of
underwater things (Zhou et al. 2016).

The disadvantages of the related methods are: slow knowl-
edge gathering at the sink and low efficiency in forwarding the

data packets. Besides, while transmitting the data packets, the
collisions can occur so that the Energy is wasted. The network
congestion is maximized while transmitting the data packets
through the sink node that cannot find the amendment within
the topology; also the energy consumption is not managed.
The network life is weak with unpredictable topology and the
bandwidth is limited (Nighot et al. 2018); it will cause the loss
of information and with limited security. The nodule quality
of'the network can entail frequent link breakages, which could
cause frequent path failures and route discoveries. The failure
of data packet transmission will increase the energy consump-
tion in nodules. The fact that the residual energy is minimum
means that it has no awareness regarding energy levels of
nodules. The chance for partial and total scarcity in energy
increases the possibility that the nodule failure occurs. The
response time should be as low as possible for better network
performance (Kumar et al. 2020).

The limitations of the related methods are the challenges
behind the energy and the quality based data transmission in
UWSNs. Most of the methods have been constructed using
the shortest path based on data transmission; it is useful in
simple underwater environments for efficient data transmis-
sion. The common issues in UWSNss are the latency and high
amount of redundancy (Vimal et al. 2020a).

Proposed method

Ocean Ground detecting component nodules territory units
are considered to modify applications for oceanographic data
variety, contamination perception, seaward investigation, fias-
co obstacle, route guiding, and planning of police examina-
tion. Various remote-controlled outfitted with inundated sen-
sors, additionally will acknowledge the common underneath
sea assets of logical data in agreeable perception missions. To
construct these applications appropriately, it is required to
modify inundated correspondences within inundated compo-
nents. Submerged detecting component nodules and vehicles
ought to get self-setup capabilities, i.e., they should probably
arrange their task by trading plan, area and development in-
formation, and to transmit checked data inland station.
Figure 1 demonstrates the wireless Underwater mobile sensor
network with detailed construction.

Below, a recognizable proof of remote-controlled
Underwater Remotely Operated Vehicle (ROV) is presented.
The proof is devised once investigation is done on numerous
writing surveys and pondered cases. In this paper, the disad-
vantages found are targeted in subtleties like framework, un-
derneath roused condition, cause recuperation or station con-
tinuing, coupling issues and correspondence procedure. ROV
is one among the remote-controlled Underwater Vehicle
(UWYV) bound with point link and remotely worked by a ve-
hicle operator. Arrangement of ROV might be somewhat
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Fig. 1 Wireless Underwater mobile sensor network

complicated to infer from the obscure non-direct hydroki-
netics impacts, parameters vulnerabilities and, in this manner,
there is an absence of an express model of the ROV elements
and parameters. Run of the mill controller cannot progressive-
ly get up to speed with un-demonstrated vehicle liquid me-
chanics powers or obscure aggravations. The propelled con-
dition is plot all in all having less administration contributions
than level of opportunity, in this manner anyway the ROV
needs to keep up a definite reason or profundity following
mission once one or a great deal of thrusters breakdown con-
jointly a trouble to be featured. Cause recuperation is one
among the biggest issues in the ROV system (Vimal et al.
2020d). This approach is utilized to keep up an edge in regard
to another moving ROV in light of the fact that the ROV
attempts to remain stationary at the required profundity with
blessing the natural unsettling influences like breeze, waves,
current and astounding ecological aggravations. Coupling is-
sue between the tie and link with ROV body are one disad-
vantage in accommodating the ROV itself since it pairs the
vehicle load (Vimal et al. 2020b).

The data collecting route is fluctuating in every round of
the data collection series. This is required to enable the AUV
to commission different nodules as GN in the existing sectors.
This can greatly improve Hot-Spot and Sector complexities.
AUV gathers data re-tracing the route under active run by the
GN’s of the previous series, in order to gain potentially more
likelihood to retract the energy of the GN’s.

The sensor nodes deliver a connection request to the base
station through the cluster head, and then the head generates a
route path to the sink node. The cluster head discovers the
shortest way with reduced amount of hop count. The cluster
members can hold the details of the routing path and these
details are gathered by the cluster head simultaneously.
Hence the energy utilization from the cluster head will differ
to the cluster members. The energy utilization for the cluster
head is computed using Eq. (1).

n

EUCH:dxﬂa<g) (1)
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Where d is the data gathering level, n is the received
amount of data and p, is the aggregation function. The data
gathering may be different according to the position of the
sensor nodes in the network. The adjacent nodes are used to
measure the distance within the sensor nodes. The required
energy for the cluster head is comparatively very high to the
cluster members. Whenever the aggregation level gets in-
creased, the energy utilization will also increase. The main
characteristics of the Objective function (6,4 is to minimize
the whole data collection cost in every round i for maintaining
events in the underwater surroundings. The objective function
is computed using Eq. (2)

Sy = Zl (Max(Pkyy + Try + Rty) + min(De, + Co, + Pky)) (2)

Where Pk, denotes the packet delivery ratio, 77, is the
throughput, Rt,, is the Retransmission, De, demonstrates the de-
lay, Co,, is the congestion and Pk, denotes the packet error rate.

The proposed methodology is constructed to get the solu-
tion for the routing problem in Underwater Mobile sensor
networks according to the monitoring system, a numerical
optimization methodology has been utilized to perform the
Gaussian mutation operations. The dead sensor node has zero
residual energy Ey,. The fitness value is computed for every
sensor node in Underwater Mobile sensor networks. The top
most fitness sensor nodes are organized to form the mating
poll using a ranking system. The vector format for computing
the fitness value within the deterministic time interval (d}) for
the active round 7; is demonstrated using Eq. (3).

1 1 1 1 1 1 1

Opk,  O1r, Oy, Ope, 0co, Opk, e 55
2 2 2 2 2 2

Opk, O, Oni, Obe, 0o, Opi, o O
3 3 3 3 3 3

Op, Orv, Om, Ope  OCo, Ok, - O

FF =

6i’kd, 5;‘r,, 5;th 5iDey 6iCn,, 5§Jk9, aas 6;

The discovery of binary tournament for every node is dem-
onstrated using the fitness value. The best individual value is
selected to produce the pool from randomly selected individ-
ual nodes. The binary tournament is computed using Eq. (4)

BT, = p,, x BT, + (1-p,,) x Tc x BT, (4)

Where BT, is the binary tournament for parameter y.
pw€ [0, 1] is the random weight value for every parameter y
in every stage i. The crossover probability (Prob,,) is com-
puted using Eq. (5)

Probe, = BT, + « (pmax_pmin) (5)

Where « is the normal distribution for Gaussian function
that €[0, 1], p, is the lower bound and p,,,, is the upper
bound. The new fitness function is computed in Eq. (6)
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N N T T =
5Pkd,. ‘)Tr,, 6}?1,,, 6Dg\ 5@,” 5 Pk, ) i
2 2 2 2 2 2
6Pkdr 6Tr,, 6[{ tm §Dey 6C 0y 6Pk‘,r 6!
3 3 3 3 3 3 3
pEi— | % Om, On, b, Oco, Op, - 0 (6)
”
s i i i q G O
()P/w, 677;, 5Rtm (SDE,‘ 6Co,, 6P1w e 6,

The whole optimization demonstrates the predefined con-
dition is satisfied discovering the suitable clusters based on
active routing to provide the solution according to the current
situation. The network initialization procedure achieves accu-
rate discovery of neighbours in unusual underwater surround-
ings. This kind of procedure produces a group of messages
like initialization, discovery of neighbours, acknowledgement
and replay in underwater mobile sensor networks. The base
station forwards the initialization message to the sink node to
process the network initialization procedure. After the re-
ceived message, the sink node regulates the communication
and transmits the frequent messages within the particular area
in the network (Vimal et al. 2020c).

The message contains the packet communication time, the
data about the current location and the sink identification.
After successfully transmitted the message, the sink node
checks the surface information and neighbouring data table
is formulated to every node in the network. Whenever the sink
node receives the messages about the sea surface, the
neighbouring node discovery message is communicated to
the nodes in the underwater mobile sensor networks
(Annamalai et al. 2019a).

The energy consuming model is constructed after monitor-
ing the characteristics of underwater sensor network forma-
tion, the energy efficiency model of this underwater mobile
sensor networks is entirely different from the energy model of
Wireless sensor networks. The energy computation is per-
formed using Eq. (7)

Energy(dis, co) = 0y dis” a*’ (7)

Where ¢ is the threshold value for power constraint, dis is
the communication distance, co be the energy efficient coef-
ficient, Energy(dis, co) is the computation of energy utiliza-
tion to forward the data to the destination, the value of a is
computed using Eq. (8)

a =100 (8)

The frequency is the main parameter to construct the value
of a and it is demonstrated in Eq. (9)

2

_ [t
af)=a s ©)

Where fis the signal frequency in Hz and a(f) is the re-
ceived frequency in dBm. The Expected energy (Energy.,) for

consumption is computed using Energy consumed
(Energy.,,) in Eq. (10)

The proposed methodology in underwater mobile sensor
network is deployed in a communication range. The distance
within the nodes is computed in every specified time period
(Annamalai et al. 2019a). The multi-hop communication pro-
duces the unbalanced energy utilization. The cluster heads
which are nearer to the sink nodes forward the communication
within the other cluster heads. The sensor nodes forward the
data to the sink nodes without using any other nodes. The
architecture is demonstrated in Fig. 2 to maintain the balance
of energy utilization within the sensor nodes in every cluster,
the cluster head is selected using the residual energy of the
sensor nodes (Annamalai et al. 2019b).

Whenever the sensor node receives the communication
message from the adjacent nodes, Communication cost
(Commy,,) for every node is computed using Eq. (11).

El
Comm g = (1_—nergym> t+7
Energy,y,

(11)

Where Energy,., is the residual energy, Energy;,; is the
initial energy, ¢ is the time duration for communication and 7
is the constant value. The energy balance of the entire network
is computed using the forwarding behaviour of the sensor
node. The competition radius Radius,.,,, is computed using
the weighted value (wf) and radius in Eq. (12).

Energy,,

Radius .om = wt < ) Radius (12)

Energyi
The optimization for the multi-objective methodology is
used to compute the cost value for every sensor node, which

is computed with the degree value of the particular node using
Eq. (13)

Q
o

) ==

B Tl

Base station Sensor node Sink node Radio link Cluster Cluster head

Fig. 2 Network structure of the proposed work
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E
cost(x) = 28 res

= T + degreey
Energy,,

(13)

Algorithm — Energy Efficient Maximization Algorithm
(EEMA).

The underwater mobile sensor network is dynamically
structured and the nodes are moving randomly according
to the water component. Hence, the structure of cluster

Fig.3 Flowchart for the proposed

algorithm Node Creation

1

can be changed at any cost of time period. The recovery
technique is used whenever the node failed to delivered
the data to this cluster head (Borhani 2020). For this is-
sue, the sensor node inspects the packets and cluster
heads. Every cluster head computes the average energy
level of the cluster, if the computed energy is minimum
than the actual energy then the data about the routing is
modified. For the entire network, at every round of data

Every node transmit data packets from

source to destination

l

Is Energy level
computed?

’lNo

Forward the data packet to the

adjacent node

Process the routing procedure
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Yes
Discover the base station

1

Fix the threshold value to implement
the energy utilization

l

Node computes communication cost

l

Compute transmission time

1

Data packets are sent to the destination
node

l

Yes Energy level >

- threshold value

1No

Resend the data packets
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communication, the sink nodes produce the good delivery  details to the senor nodes and the underwater sensor
ratio (Vimal.s, et al. 2016). Whenever the delivery ratio is  nodes will be responsible for building the new clusters.
minimum, the sink nodes can transmit the restructure  This process is illustrated in Fig. 3.

Table 1 Abbreviations and

symbols with meaning Abbreviations Acronyms
UWSN Underwater Wireless Sensor Networks
AUV Autonomous Underwater Vehicle
A-ANTD AUV Assisted Network Transmit Devising
TARD Transmit Assisted Route Devising
EUcy energy utilization for the cluster head
d is the data gathering level
n received amount of data
L aggregation function
Dby Objective function
Pk, denotes the packet delivery ratio
Tr, throughput
Rt,, Retransmission
De, delay
Co,, congestion
Pk, packet error rate
Ey zero residual energy
S time interval
7 active round
BT, binary tournament for parameter y
Prob,, crossover probability
i stage
P random weight value
y parameter
« the normal distribution for
Gaussian function
Pmin lower bound
Pmax upper bound
FF ’r fitness function
Energy(dis, co) energy computation
o threshold value for power constraint
co energy efficient coefficient
dis communication distance
ya signal frequency in Hz
Energy.., Energy consumed
Energy,, Expected energy
a(f) received frequency in dBm
Comm, g, Communication cost
Energy, residual energy
Energyini: initial energy
t time duration for communication
T constant value
Radius..,,, competition radius
wt weighted value
ROV Remotely Operated Vehicle

@ Springer
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Table 2 simulation significances S . L , "
50 —f = ovm o o n i o z i o o e = 3 ol = S
Parameters significance @ 400 o e B S
] ey
. ] S 350 - A AT s w s s s s e 1 e
Simulation area 500 m* 500 m <= g =
C 300w T
Total amount of nodes 500 3 -
. 2 250------ K. B W o et o it 2 520 5 = 1 i st ks % e 5 i
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Size of the data packet 250 n -
. 150 - -/ A -
Transmission range 110 m ) oy
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Movement in the water 3 m/s o
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Size of the packet buffer 10
: —=— EECPPA
Message size 5 bytes EMGGR
Carrier signal 10 kHz —o— EEMA
Initial dead node time 45s Fig. 5 Network Lifetime

Table 1 contains the abbreviations and symbols used in the
proposed methodology.

Performance evaluation

The Performance Evaluation for the proposed methodology
(EEMA) is evaluated and the results are compared with the
related methods of EECPPA (Aslam et al. 2017), EMGGR
(Salti et al. 2017). The simulations are successfully imple-
mented in MATLAB, the amount of sensor nodes are main-
tained in the entire simulation process. Table 2 shows the
simulation parameters used in this paper.

In this proposed methodology, the methods are evaluated
according to network lifetime, energy utilization, delay, deliv-
ery ratio, and stability. The stability period refers to the time
period until a first node dies in the entire network. To evaluate
the stability performance, the method is compared with related
techniques. The related methods are performed using a huge
amount of repeated data packets, which are normally generat-
ed. The minimized network lifetime for the initial node is the

J) s = o = v v st e 3 # e e 8 e S 6 BRI
Qd cocisesmianans i B AR DEFTEEE S DG 5T s ........
8- ; S
B b & i = s o v s = e 8 e § G R e 3

e T T /// AAAAAAAAAAAAAAA
5_ ........................ /_ ,,,,,,,,,,,,,,,,,

T VARERRRREEE R
3-4--- 5 - 2 . /.

o ./ .....................
T =d = o = i s = e m e ..o

T
90 100 110 120

Number of dead nodes

O-F—T T T T t 1 T T 1
0 10 20 30 40 50 60 70 80

Time (seconds)

—&— EECPPA
EMGGR
—e— EEMA

Fig. 4 Number of dead nodes
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drawback for the relevant methods compared to the proposed
methodology. Data forwarding fully depends on the source
node for implementing the clustering technique to minimize
the amount of data forwarding. Figure 4 demonstrates the
number of dead nodes with time in seconds.

The network lifetime is estimated as the time taken until all
nodes die in the entire network. Figure 5 illustrates the net-
work lifetime of all the techniques. The simulation results
prove that the lifetime of the proposed methodology is higher
than the other relevant methods. The related methods have
bigger amount of repeated data and rebroadcasting, so the
lifetime is shorter compared to the proposed methodology.
The proposed method improves energy utilization and reduces
the amount of repeated data so the network lifetime for the
proposed method is higher compared to the related methods,
as shown in Fig. 5.

Throughput is calculated as the total amount of data
packets successfully transmitted to the sink nodes. The
existing methods have received a higher amount of data
packets compared to the proposed methodology because of
the repeated data. Figure 6 shows the throughput of the pro-
posed technique, which is compared with the related methods.

1 R T PP
R L I i It Il Y i I
8 - - .,l ........................
T - 7ot AR LR R LR - o000
6 ----- & -- /...... ...........
S - A o A2 = v m s = A/,: AAAAAAAAAAAAAAAAAAAAAAA
4= - R

3 o f S T e e e
o B T PPy pyurpy

l_, .........................................

0 T T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Number of packets (1 x 10000)
®

Time (seconds)

—— EECPPA
EMGGR

—e— EEMA

Fig. 6 Throughput
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The delivery ratio is calculated as the rate of total amount of
data packets received in the sink nodes according to the total
amount of packets delivered from the source nodes. The com-
parison is performed using simulations and implemented to
execute the delivery ratio for all the methods. Figure 7 shows
the results for delivery ratio for the proposed method which is
compared with the relevant methods. For reducing the repeat-
ed information, the proposed methodology minimizes the
forwarding nodes. Energy utilization is the primary parameter
for analyzing the performance of the network that reveals the
network lifetime status.

Minimized energy utilization produces the improved net-
work lifetime. Figure 8 demonstrates the simulation results
regarding the energy utilization. The proposed method has
effectively utilized the energy consumption compared with
the related methodologies. The proposed technique selects
the forwarder node according to the residual energy. It also
evades the total amount of forwarding nodes. Additionally,
the proposed technique has used the priority assignment meth-
od, the repeated communications of the same data picketers
are minimized considerably. As shown in Fig. 8, the proposed
methodology has improved residual energy compared with
the related methods.

The delay is calculated as the mean time taken for the data
packets to be transmitted to the sink nodes. The proposed
method is compared with the related methods through the
simulation results that are illustrated in Fig. 9. The related
methods have the highest amount of delay compared to the
proposed technique. A particular holding period is required
for forwarding data and the quality of the link is another pa-
rameter to perform the data forwarding. According to the sim-
ulation results, the proposed methodology has improved net-
work lifetime, provided a high amount of delivery ratio, re-
duced delay, and provided effective energy utilization
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Fig. 8 Energy consumption using residual energy

compared to the other methods. It can be concluded that the
proposed algorithm is an effective routing procedure for
Underwater Mobile sensor networks.

Conclusion

This approach is competent in perpetuating the endurance of
the chain system and to administer various types of the sector
and hot-zone complications. Gathering of data in deep-sea
engineering applications is more affordable and possible,
where data congregates in a slender intensity range. The trans-
mission method improves the energy efficiency during data
transmission. The challenges faced in Underwater Acoustic
networks such as nodule’s repeated disturbances, narrow con-
nection bandwidth and nodule energy can be minimized to a
profitable extent as well. Future work will carry on the dy-
namic node based packet delivery in efficient way of UWSN’s
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and also to remove the data redundancy while transmitting the
data packets in complex environments.
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