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Abstract: In an Underwater Wireless Sensor Network (UWSN), extreme energy loss is carried out by the early expiration of sensor nodes and causes a reduction in efficiency in the submerged acoustic sensor system. Systems based on clustering strategies, instead of each node sending information by itself, utilize cluster heads to collect information inside the clusters for forwarding collective information to sink. This can effectively minimize the total energy loss during transmission. The environment of UWSN is 3D architecture-based and follows a complex hierarchical clustering strategy involving its most effecting unique parameters such as propagation delay and limited transmission bandwidth. Round base clustering strategy works in rounds, where each round comprises three fundamental stages: cluster head selection, grouping or node association, and data aggregation followed by forwarding data to the sink. In UWSN, the energy consumed during the formation of clusters has been considered casually or completely evaded in the previous works. In this paper, the cluster head setup period has been considered the main contributor to extra energy utilizer. A numerical channel model is proposed to compute extra energy. It is performed by using a UWSN broad model. The results have shown that extra maximum energy consumption is approximately 12.9 percent of the system total energy consumed in information transmissions.
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1  Introduction

The surface of the planet earth is covered with 70 percent of water. Since our world is majorly covered with water, we should exploit its aquatic lives as much as possible for our benefit. Sensor networks deployed underwater can become very useful for many applications such as disaster prevention, undersea exploration, pollution monitoring, and assisted tactical navigation surveillance [1,2].

In UWSN, self-alimented and miniaturized entities called sensor nodes are used to connect through wireless acoustic links. Communications are established by acoustic waves, allowing a very sound propagation through water and require much less power than the radio signal. Radio signals are used effectively in terrestrial communication but deliver an inferior performance in underwater areas and are unsuitable for the underwater network. The primary reason for its poor performance is that it provides a transmission range of few meters only. The underwater sensor network is different from terrestrial networks because of its challenges like bandwidth limitation produced by high absorption factor, long propagation time, attenuation, and fading of the signal are the most challenging factors and create much interest for researchers [3,4]. Another critical challenge is node failure due to harsh environmental conditions. Complex environmental conditions affect energy conservation, and the life of the network is reduced. It is frequently impossible to replace or charge nodes after their exhaustion [5]. To manage to optimize energy-efficient communication, many researchers work on routing techniques. Many topology management algorithms have been applied to minimize energy usage of network communications. These algorithms are one of the three categories of management: topology discovery, second is sleep management, and third is clustering.

Like WSN, a clustering algorithm has also been using to minimize UW network communication energy. To optimize communication, energy clustering algorithms divide the network into clusters. In each cluster, one node is selected as a cluster head base on some specific criteria, and nodes in the range of it become a member of the cluster and send their data to the head of their cluster. In this manner, only short-distance nodes are allowed to communicate in the network for maximum time. Only the cluster heads of cluster collect data from their associated nodes and transmit data tothe sink. Through this mechanism, the selected number of nodes involves communicating at far to the communication and optimizing network energy consumption. Moreover, it will prolong the life of the network.

The data broadcast period of the clustering algorithm works on rounds, and at each round, cluster formation and cluster head selection are performed repeatedly. In this paper, we presented work on this stage and highlighted this as an overhead or a burden on the network's energy consumption. To balance the energy consumption of each node of the network, this broadcast stage of protocol is repeated while on the other side effect the life of the network, and we mention the extra energy of the network. In this paper, the Extra energy consumption at varying numbers of cluster head formation and rounds has been calculated. Through extensive simulation on MATLAB, it is shown that, due to re-clustering at each round and transmission of control packets, it consumes 12.9 percent of total network energy at 30 percent of CH formation.

The remaining paper is divided into six sections. 2nd Section, for background or summary of the routing systems and their signs of progress in UWSN. In the 3rd Section, detail of the methodology used for the proposed energy model and its constraints is described. In the 4th Section mathematical model is explained. In 5th Section analyze or discuss the results of the simulated model, and the 6th Section is the conclusion.

2  Background and Literature Review

Energy consumption is a significant concern for the design and performance evaluation of underwater sensors. Most researcher works are based on individual sensor node energy efficiency. For example, Yan proposed “location free and energy efficient, depth-based routing protocol” [6] where the authors have shown that packets delivered and overall network's lifetime the protocols gives a good output but due to presence of void holes, high level of delays occur in final packet deliveries.

In [7], the authors have a proposed GVBR (A Geographical location-based protocol) worked on a position-based approach from source to a destination and it not worked well in the sparse network, Stojanovic proposed “focused beam routing” [8] it consists of both static and dynamic nodes and reduced unnecessary flooding based on gradually increasing forwarding zone and preregulated angle.

Ayaz proposed “hop by hop addressing base routing scheme” [9] which improves packet delivery and reliability of the network while due to uneven distribution of spars network with constant radius and pipeline at each hop did not perform well. Wahid et al. [10] proposed an “energy efficient depth-based routing protocol”. It works in two phases, the first phase is the data acquisition phase, and the other is the data forwarding phase. In the first phase, the transmitter node shares its energy and depth with the neighboring nodes and, in the second phase, the transmitter nod sends the data packet to the sink. This proposed scheme is the same as DBR, except the energy balancing method made it different from DBR. It is a modified form of the DBR algorithm.

To reduce the energy consumption of networks [11], proposed a “Q Learning based Localization Free any path Routing (QLFR)”. Q value has been calculated based on residual energy and depth of the node. He elaborates his routing protocol from three steps, first packet structure, second routing knowledge exchange, and third data packet forwarding. Q value method is the same as energy-efficient routing protocol as mention above, while work on other two phases packet header structure and routing knowledge exchange made his work unique.

Some researcher concentrates on underwater sensor network architecture and proposed energy efficiency clustering routing protocol. Clustering algorithms give major contributions to energy efficient solutions. In [12] proposed “(ACUN) Adaptive clustering underwater networking protocol for multilevel hierarchical network structure”. To prolong network life, he divides the network into layers and cluster heads are selected based on the distance between node and sink and residual energy of the node. It was observed that it did not work well in sparse networks and the void hole issue is also neglected. The void hole occurs when none of the neighbor/adjacent nodes available to forward data to sink. Ahmed et al. [13] proposed “(CMSE2R) a Clustered-based Multipath Shortest Distance Energy Efficient Routing Protocol for Underwater Wireless Sensor Network”. His model consisted of three types of nodes and the network was also divided into layers, where bottom layer consists of sensor nodes (SN) and forwarder nodes (FN), the middle layer divided into layer 1 and layer2 and consist of courier node (CN) and top layer consist of multiple sinks. Every courier node forwards a hello message to FN and forms a cluster with its surrounding FN, these FN collect data from SN and send it to CN which finally is received by the nearest sink. This type of setup is not only complicated and expensive but also required high maintenance. Ahmed et al. [14] proposed “Clustered Based Energy Efficient Routing (CBE2R) protocol “and also worked on layer architecture of network with defined three types of nodes i-e Sensor node (SN), courier node (CN), and forwarder node (FN). CBE2R strategy is almost the same as CMSE2R, the only difference is that its distance calculation mechanism for cluster head selection is missing. In other words, CMSE2R is an improved form of CBE2R. Vital topology of the underwater network and sparse node deployment results from void hole. It occurs due to unavailability of data forwarding node to the sink. With the consideration of “avoiding void hole,” In [15], proposed “Energy-Aware and Void-Avoidable Routing Protocol (EAVARP)”. This protocol consists of two phases, the layering phase, and the data collection phase. In the layering phase, concentric circles are formed around the sink node. The sink node itself forms a hierarchical topology. “Opportunistic Directional Forwarding Strategy” (ODFS) is used to forward data to the sink and avoid cyclic transmission while ODF has created complexity in the proposed strategy. It works in selected zones and performance constraint for the thin and thick network is also missing. Javaid et al. [16] to avoid void holes presented two interference-aware routing protocols. It has used a sender-based approach to reduce collision probability. As well, the selection of PFN with the least number of neighbors reduced the probability of collision in thick networks. Zhu et al. [17] also proposed layered architecture with the variable size of cluster formation and it worked on three phases. In the first phase, the network is divided into the layer, in 2nd phase to avoid the void hole problem a new method for calculating the variable cluster size was introduced. In the 3rd phase inter and intra cluster updating method was also introduced. It presents performance parameters in terms of network lifetime, energy consumption, delivery ratio, throughput, and end-to-end delay.

Underwater sensor networks reliable data delivery over a long period is an important issue and to handle it the majority of researcher works on dynamic sink or Autonomous Underwater Vehicle (AUV). “AEDG” [18] employed an AUV to collect data from contact sensors cluster heads while sensors cluster heads collect data from its clusters. It used a shortest path trace SPT algorithm for the sensor to find the shortest path to the head of the cluster. AUV is used to prevent data loss and improve data transmission loss. To extend the energy of the networks, Khan et al. [19], has proposed an analytical approach, for UWSNs, giving data delivery reliability along with energy conservation through energy harvesting. Node relays are based on piezoelectric. “CBKU” [20] is the localization free protocol and to avoid energy unbalanced used improved K-means algorithm for, “CARP” and “E-CARP” [21,22] also localization free cluster-based algorithm investigated to improve the performance of the network. These entire cluster base energy efficient algorithms intended to improve throughput, transmission delays and energy efficiency.

Ahmed et al. [23] proposed “Energy-efficient Multipath Grid-based Geographic Routing protocol (EMGGR) for 3D grid underwater environment”. It worked well for the multi-path route mechanism and forwards the packet from the source to the sink. a 3D coordinate mechanism is used and through it, each node knows its location. In my opinion this type of grid mechanism suitable for terrestrial networks and not suitable for underwater because water pressure will change its coordinate continuously and will affect its performance. To reduce energy consumption of communication some researcher effort to reduce data redundancy and data aggregation. Salti et al. [24] proposed “A Round-Based Clustering Scheme for Data Redundancy Resolve”. To reduced data redundancy, he applied data aggregation with Euclidean distance, and each time the new cluster is formed in intra cluster and inter-cluster communication. Its data accuracy is needed an improvement and network structure is not defined. Xiao et al. [25] proposed “an energy-efficient and data aggregated solution based on a genetic algorithm” and use a heuristic approach for finding the best appropriate path. It uses a mutation and cross-over with a decided fitness function for path selection after that data fused on cluster head. Cluster head (CH) fuses data using BPNN by data aggregation and reduces the amount of data The results have shown improved capabilities of the nodes.

Fault tolerance is one of the major issues for efficient communication of network Anuradha et al. [26] proposed “cluster base Energy effectual configurable routing protocol” for handling node failure without effecting communication of network and its solution is based on the trust value calculated from neighbor nodes of the network like Abbas et al. [27] suggest “road aware routing strategy based on (SDN) software-defined networks”. Haque et al. [28] proposed an Automated Controller Placement mathematical model for Software-Defined Networks; the goal of the model is to improve resistance to DDoS attacks while optimizing the overall cost based on the parameters. To handle the inefficiencies and extend the life of network Tuna [29] worked on a novel approach and proposed a “clustering-based energy-efficient routing (CBEER) protocol based on an event-driven approach.”

For reliable data transfer in UWS and reduces extra energy consumption some researcher completely avoids re-clustering and implant a special type of node called courier node or anchor node. Karim et al. [30] proposed two schemes with multiple sink base network architecture one is a cluster-based routing protocol based on anchor node assistance for reliable data transfer and in 2nd technique he handles a void hole problem of the network and dividing the network into the cubes and in each cube anchor node assigned as a cluster head. In each cube, CH sends data to the next CH and continues this procedure till to the successful delivery to the designated sink while avoiding void hole ad-hoc CH is used to the network operation. Ayaz et al. [31], proposed TCBR algorithm and also used courier nodes to work as CH. Cluster sensor nodes sense the data and forward these data to a closer courier sensor node. Courier sensor nodes apart of gathering data sent these data to a surface sink. Ahmed et al. [32] proposed CBE2R and divided the oceanic depth into seven layers. On each layers a courier powerful node implanted from top to bottom to collect data form cluster sensor nodes and increase the battery power of nodes. These methodology saves the overall power consumption of sensors in the cluster, but awkwardly raises the complexity of network deployment because the network adopts two different types of sensor nodes and needs to plan the CH positions before placing them into the cluster. There is also a high probability that one parameter may skew the fitness function and improper deployment of CH may occur and can affect functionality and life of networks. Further for the synchronization of network it is not appropriate to remove completely CH selection phase.

In all hierarchical clustering algorithms, the cluster head is selected randomly in each round based on the protocol. Each proposed algorithm has its means of selection criteria for clustering parameter, data transfer, and data aggregation. All of the algorithm discussed above has it's mean to improve performance parameter of the network but none of the researchers mentioned or notice energy used in cluster setup as we mention it as Extra energy.

3  Procedure and Parameters Used in Extra Energy Calculation

In general, in any dynamic cluster base protocol, the data transmission process is distributed into rounds. At each round, a cluster head (CH) selection mechanism and cluster creation are performed, called re-clustering. Repeated formation of different clusters is performed to produce a balanced utilization of network energy, in other words the load balancing of energy utilization throughout the network. On the other hand, it has been observed that the cluster's recurrences itself consume substantial network energy. In the previous research works either the researcher considers it casually or the process of re-clustering is completely avoided. To calculate this energy consumption, we have used our clustering model base on the LEACH protocol. There are three stages of one round of data transmissions in a dynamic random cluster based algorithm. They are Setup, Steady State, and Final data delivery to sink stages. In cluster setup stage, heads of clusters are carefully selected based on generated random number between 0 and 1. If the generated random number is lower than the threshold T(ni), a CH node is chosen as shown in Eq. (1) [29,33]

T(ni)={p1−p(rmod1p)ifni∈G0otherwise(1)

where p is the probability of selecting a CH in round r and G represent number of nodes that have not been selected as CH in 1/p rounds [29,33].

All selected CH broadcast advertisement and form a cluster with their associated nodes. In 2nd phase of steady state, all associated nodes keeps their radio ON while Cluster head sends TDMA schedule to all its associated nodes. There are m frames and one data slots for each node of cluster. All associated nodes transfer their sense data to cluster head within assign time slots. In 3rd phase of data transmission, all cluster heads send their collected data to the Sink. The random CH selection protocol shown in Fig. 1.
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Figure 1: Random cluster head selection protocol

The Fig. 1 shows all these three stages. We have taken the energies consumed in the setting up of clusters, as the “extra energy utilization”, because these energies are not utilized in actual data transmissions from a sensor node to its CH or from a CH to the sink. The proposed system has considered this Extra energy (Eextra) as shown in Fig. 2.
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Figure 2: Detail of random cluster head selection protocol and identification of extra energy consumption

Due to the characteristics of the underwater acoustic channel, the energy consumption model of UWSNs is quite different than the energy consumption model of terrestrial WSN. The energy model developed for the calculation of Eextra base on the following energy equation consider given below. Eqs. (2), (7) and (8) [33].

Energy consume for transmission of data given below

Et  (x,d)=x∗Eele+x∗Pe(2)

where Et = Energy consume in transmission. Eele = Energy consumed by the electronics for transmitting and receiving of 1 bit data measured in (j/b).

x = number of bits. And Pe is define as

Pe=  Po∗A(d,f)(3)

where

A(d,f)=  dk  ∗ϑd(4)

where d = distance between transmitter and receiver. K = Spreading factor (for spherical spreading = 2 and or cylindrical spreading = 1) Practical value of k = 1.5 and Po is the power threshold that the data can be received by the node and ϑ is define as

ϑ=10f(α)/10(5)

where f(α) is in dB/km and frequency in kHz. Where α is the absorption coefficient and it is the function of the frequency. And calculated from Thorp's expression [34] for the frequencies above a few hundred Hertz as in Eq. (6)

f(α)=0.11f21+f2+44f24100+f2+0.275∗10−5+31000(6)

Sensor nodes consume energy to receive x bits of data

Er(x)=x∗Eele(7)

Sensor node consume energy for idle listening

EI=β∗Eele∗x(8)

where = 𝜷  ratio of reception and idle listening energy.

Different values of transmitted data x is taken such as xc = 25, xd = 250 and xt = xc + N size of the packet for TDMA schedule. Where xc is the control packet and xd is the data packet. Here Nodes per cluster is given as N. In each data delivery round, there are m data frames per cluster. We have taken its value as m = 20. Transmission ranges for each step of random cluster head selection algorithm are calculated is shown in Tab. 1.
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During the contention stage, the communication between the cluster head and all nodes is accomplished by non-persistent CSMA. ρ is the throughput of non-persistence CSMA can be represented as [35].

ρ=kc∗Xe(−ζ∗kc)kc∗(1+2ζ)+e(−ζ∗kc)(9)

In the above equation xc is the control packet size and ζ is a ratio of propagation delay and transmission delay shown in Eq. (12). And these are the most critical factors for communication in UWSN, Propagation delay is the time kept by the signal for transmission from sender to receiver node in the network. As represented in Eq. (10), propagation delay tp be influenced by the speed of sound and the distance between two nodes underwater [35].

tp=s/v(10)

For our model under water propagation speed is taken as 1500 m/s. It is mentioned in the previous work that as the depth of the sea is varied from 0 meters to 1500 meters, the salinity of water and temperature, decreases, along with the sound speed while propagation delay is increased [35].

Transmission loss or transmission delay is the effective parameter for UW communication. It weakened the sound strength through the path from the transmitting node to receiving node in the network. Transmission loss is determined by the transmission range and attenuation. According to the thorp formula of attenuation, transmission loss is expressed in dB as [35].

Tl=20log⁡(r)+f(α)∗10−3(11)

f(α) is computed from above Eq. (6) and r is the transmission range in meter.

In our model speed of sound is 1500 m/s and propagation delay computed by using end to end delay model and it is 0.00066 s for 1 m, from Eq. (10) and value of parameter \zeta  taken as 0.00022 determine from Eq. (10) where transmission time is 2.9 s [35].

ζ=tpTt(12)

For a control packet size xc of 25 Bytes, throughput for non-persistent CSMA ρ is 0.95. For the purpose of our simulations, we have considered the values of Eele as 50 nJ/bits (Because this value has been considered in many previous researches/simulations). We have also considered that initially each node (At its full capacity) has its energy as 10 joules. β = 0.8 is the ratio of energies consumed in data reception and idle listening modes [34,35].

4  Mathematical Channel Model for Extra Energy Calculation

In our simulation-based investigation, the Extra energy consumption has been considering carefully. At each step of each round, consider the transmissions of data and control packets. For different sizes of the network and the different numbers of the sensor node, the energy consumes in the cluster setup phase was calculated carefully. It can be inferred from the energy Eqs. (2) and (7) for the data transmissions and receptions respectively, there are two factors that dominantly affect the energy consumptions i.e., the distances between the transmitters and receivers (Transmission ranges) and the number of bits in data packets (Packet size).

Our proposed work, shows that we have three types of transmission ranges for each node separately shown in Tab. 1 and parameter and their values are shown in Tab. 2.
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The model for UWSN for dynamic cluster head selection mechanism of 50, 100 and 200 sensor nodes was developed using MATLAB. The sink is placed at the center of varying sizes of the network. It is assumed that base on the power level or strength of the signal receiving node can estimate the distance between themselves and the transmitting node. The optimum value of cluster head formation is obtained with varying parameters such as the number of nodes, percentage of cluster head formation, and the different sizes of the network. Extra energy and remaining energy consumption can be calculated from this model.

In the simulation model calculations of energy consumption per round done as follows:

4.1 Setup Stage

CH selection permission stage

Energy consumed for CH selection (CH to sink communication):

ECHselec=(xcρ)[Eele+Po∗(Dto sink)k∗ϑDto sink]+(((p\ast n)−1)ρ)(xc∗Eele∗β)+xt∗Eele(13)

where, (p * n) is the average attempts per packet time; p is the maximum percentage of CH per rounds; n is the total number of nodes in the network; ρ is the throughput of non-persistence CSMA.

All CH broadcast its selection; all associated nodes are listening nodes and keep ON its channel.

Energy consumed at CH for broadcasting its advertisement to its associated nodes.

ECHAdv=xc(Eele+Po∗(Dmax)k∗ϑDmax)(14)

ENAdv=p∗n∗xc∗Eele(15)

4.2 Steady State Stage (Contention Stage)

Energy consumed at all nodes to reply to get associated with CH and CH send TDMA schedule to its nodes.

ENcont=xcρ(Eele+Po∗(Dto CH)k∗ϑDto CH)+(N−1ρ)∗xc∗β∗Eele+xt∗Eele(16)

ECH cont=N∗xc∗Eele+xt(Eele+Po∗(Dmax)k∗ϑDmax(17)

4.3 Data Transmission Stage

Energy consumed in transmitting N frame to CH and then to transmitted aggregated data from CH to the sink.

EN frame=m∗xd(Eele+Po∗(Dto CH)k∗ϑDto CH)(18)

EChframe=m∗Ni∗xd∗Eele+(N−Ni)β∗xd∗Eele+xd(Eele+Po∗(Dto sink)k∗ϑDto sink(19)

Ni = number of associated nodes, m = number of frames for our simulation, Ni is taken as random. Except Eqs. (17) and (18) all other energies mention above in Section 4.1 and 4.2 are considered as Extra energy.

Let EExtra is the Extra energy

EExtra=ECH selec+ECH Adv+ECH cont+EN Adv+EN cont(20)


Extra energy for R rounds

EExtra=∑r=1R⁡ECH selec+ECH Adv+ECH cont+EN Adv+EN cont(21)

Efficient energy for R rounds:

EEfficient=∑r=1R⁡(ECh frame+EN frame)(22)

Total energy consumed in R rounds:

ETotal=EEfficient+EExtra(23)

5  Results of Simulation and its Analysis

Energy model for random cluster selection algorithm developed for UWSN in MATLAB. Simulation is performed 1000 times with varying value of cluster head formation, and it is observed Extra energy increased with the increase in the probability of cluster head formation. As shown in Fig. 3 at the 20 percent to 25 percent cluster head (CH) formation Extra energy is approximately the same. It shows at 5 percent cluster head formation; Extra energy is lower than others computed extra energies. And at this percentage of cluster head formation, it computes the best cluster head count for the network of 100 sensor nodes and prolong the life of the network. This optimum performance value of cluster head formation is the most appropriate from out of the total number of field sensor nodes and minimum energy consumed in cluster head formation. The maximum Extra energy is 12.9 percent (48 joules) occur at 33 percent of CH formation and at this CH formation, generated cluster head count is not suitable for the 100 nodes of the network. Network life, if define in terms of the number of nodes dies, the number of dead node increases as the percentage of cluster head formation increases shown in Fig. 3. As shown in figure number 3 of dead nodes and alive nodes are same at 20 to 25 percent of CH formation because the generated cluster head count is most suitable for the network.
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Figure 3: Extra energy consumption of the network with percentage of cluster head formation

Fig. 4 shows the number of alive and dead nodes with the varying value of Cluster Head (CH) formation and shows that at 20 to 25 percent of CH formation number of dead nodes is same and it shows system stable for these percentage of CH formation and life of network remain same. At this extra energy consumption is approximately same i-e 44 joules. To show the effect of extra energy consumption, in Fig. 4 difference between efficient energy and total energy is developed. It shows that maximum Extra energy is 12.9 percent of the total energy used for the cluster head formation mechanism and its effect on the total consumed energy of the network. It also shown in Fig. 3, maximum extra energy of 48 joules occurs at 33 percent of cluster head formation and it will affect or reduce the life of the network.
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Figure 4: Number of nodes dead/alive with percentage of cluster head formation in 1000 round of the network

To show the effect of extra energy consumption, in Fig. 4 difference between efficient energy and total energy is developed. It shows that maximum Extra energy is 12.9 percent of the total energy used for the cluster head formation mechanism and its effect on the total consumed energy of the network. It also shown in Fig. 3, maximum extra energy of 48 joules occurs at 33 percent of cluster head formation and it will affect or reduce the life of the network. At 5 percent of CH formation minimum extra energy consumes is 30.2 joules and the life of the network will prolong.

The summary of result discussed above is reference in a Tab. 3. To obtain the best result the 1000 rounds of computation have performed in MTLAB simulator with varying percentage of CH formation. It is found as shown in Tab. 3 that extra energy consumption increases as percentage of cluster head formation increases and decreases at optimum value of CH formation i-e at 5 percent cluster head. And number of dead nodes also increases with increase in cluster head formation and the number of CHs where it minimum is considered as the optimum number of CH formation. From the table it can be seen that it is 5 percent. The extra energy consumptions increases and nodes dying starts gradually after this number. This increase is because of a greater number of CH formations than an optimum value says 5 percent of the total number of nodes. Other transmission also affects energy utilization like broad cast messaging in CH setup time and transmission of control packet in contention period of cluster formation mechanism, therefore extra energy consume is also rises.
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Figure 5: Comparison of efficient energy and total energy of the network

6  Conclusion and Future Work

One of the main objectives of clustering is to balance the traffic load between the cluster head and the cluster nodes. Furthermore, this can be done by periodically re-clustering the network. However, the cost of clustering influences the network's performance, and the period of this process required a depth of knowledge and investigation. This investigation is conducted with the varying value of CH formation as shown in Tab. 1 and Fig. 4 and concludes that the energy consumption in the cluster head setup stage is an encumbrance in the random cluster head selection algorithm. This energy consumption is not used in communication and only used in the cluster setup is calculated as extra energy and proof that it is 12.9 percent of network energy. To prolong the network life underwater or conserve network energy, it is better to minimize the cluster setup stage and reduce the process of re-clustering. Further, as shown in Tab. 1 and Fig. 5, network life is optimum at 5% of cluster head formation, and extra energy is a reduced amount of energy. Based on the above analysis in the future, we have a plan to propose an energy-efficient clustering scheme to balance the load on sensor nodes or to synchronize the upcoming intelligent future networks [36–40] and IoT [41] to reduce the process of re-clustering instead of avoiding altogether.
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Table 1: Detail of transmission ranges

Transmission ranges Description

Dmax The maximum distance between the CH and the end of the
field. This distance is used to calculate the energy consumed
in the broadcast of CH advertisement.

Dto CH The distance between associated node and the CH. It is used
for energy consumption used for sending data to CH.
Dto Sink The distance between each CH to the sink. It is used for

energy consumption used for transmitting from CH to sink.
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Table 3: Percentage of CH formation and average CH count and number of nodes dead and extra
energy

% of CH Average CH Numbers of node Extra energy Energy consumed

formation count dead (joules) in 1000 rounds
(joules)

0.01 2.9 64 34.2 324.29

0.05 2.4 62 30.2 317.49

0.1 5.19 82 31.9 352.79

0.15 7.8 85 38.4 357.98

0.2 11.09 87 44 359.67

0.25 14.3 87 45 362.45

0.3 15.7 89 47.5 365.69

0.33 16.5 90 48 371.605

0.35 20.4 92 49.6 415.202
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Table 2: Simulation parameters and their values

Simulation parameters

Default values

Size of the region (m x m)

Number of sensor nodes

Number of the sink node
Maximum transmission radius (m)
Acoustic speed (m/s)

Propagation delay (Sec)
Transmission time (Sec)
Absorption factor

Power level PO at the receiver
Frequency of carrier acoustic signal (KHZ)
Initial energy of nodes Eo (joules)
Data packet size xd

Control message xc

TDMA schedule packet size Xt
Number of nodes/cluster N
Number of data frames/rounds m

50 x 50
100 x 100
200 x 200

50, 100, 200
1

87

1500
0.00066
2.9

1.001

0.1 x 10
25

5

250 Bytes
25 Bytes

(Xc + N) x Bytes

Variable
10, 50, 100
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