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Abstract 
 

By virtue of abundant research being executed in terrestrial wireless sensor networks, we get enlightened about the different advantages 

of using wireless sensors and implemented these wireless sensors in underwater to probe the area below the sea for its various applica-

tions. The most crucial task in underwater 3D space is the node deployment such that sensors can cover the maximum area while simul-

taneously maintaining the connectivity with the base station. Due to the advantages of self deployment where no pre calculations and no 

human interventions are needed, we proposed a distributed move restricted self deployment underwater wireless sensor network. The 

main emphasis is on maximizing the coverage area by the sensor nodes and simultaneously maintaining the connectivity with the base 

station. Firstly, the maximum coverage has achieved by removing the interference between the sensor nodes which minimize the cover-

age overlap and thus more area can be covered which improves the network coverage. Then by using K-Means clustering, all the sensors 

nodes were divided into clusters, having one centroid for each cluster. Further all these centroids have been interconnected and then by 

finding the centroid which is nearest to the sink by Euclidean distance formula, we connect it to the sink. 
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1. Introduction 

There had been a vast amount of analysis done in wireless sensor 

networks, from where we come to know the various advantages of 

using wireless sensors. Wireless data communication through the 

ocean is one of the empowering advances for the improvement of 

future ocean perception frameworks and sensor systems. Water 

volumes covered 70% of the earth’s area, out of which only 10% 

has been investigated and the rest is still unexplored. An extensi-

ble underwater sensor network (UWSN) gives a promising solu-

tion for finding the aqueous environment proficiently and examine 

such area for distinctive applications. Applications of UWSN 

compass oil industry to aquaculture, pollution control, prediction 

of natural disturbances, climate recording, study of marine life, 

survey and search missions. [1-3] 

Nowadays mainly acoustic technology has been used for the un-

derwater communication systems whereas for the short-range 

links (typically 1-10 m), the other communication techniques like 

optical and radio frequency, or even electrostatic communication 

have been proposed, where their high bandwidth in MHz or even 

more can be exploited. But high power or large antennas are re-

quired because these signals get attenuated rapidly within tens of 

meters (optical) or few meters (radio).[4] 

UWSN contains huge number of sensor nodes deployed in the 

ocean which communicate with each other by emitting acoustic 

waves. These sensor nodes are in charge of gathering the detected 

data and after that hand-off it to surface station floating on the 

surface of the ocean. The networked sensors coordinate over large 

scale of physical space to perform disseminated sensing of envi-

ronmental phenomena and enable reliable monitoring and control 

in different applications.  

UWSNs for the most part include parts of underwater communica-

tion technology, reliable data transmission, node deployment, 

network protocol design, localization for underwater and tracking 

of target, power management, synchronization of time, storage 

management and underwater security. Deployment is a standout 

amongst the basic concern in UWSNs in light of the fact that it 

doesn't just promote underwater monitoring quality, additionally 

reduces network development cost. Moreover, it supports the net-

work topology control, boundary detection and routing. A proper 

node deployment plan be able to likewise a great establishment for 

resulting network communication protocol designs and operations. 

Thus, building strategies to deploy nodes is a basic issue that 

ought to be earnestly tended to. Node deployment in UWSNs is 

unique in relation to those of node deployment of wireless sensor 

in terrestrial systems. For instance, a node is by and large con-

veyed in 3D space in the former and thus faces new challenges in 

terms of mobility, connectivity and coverage. Conferring to the 

movement ability of nodes, underwater node deployment algo-

rithms can be divided into static and self-deployments [5,6]. In 

static deployment, the position of the nodes is needed to be pre-

calculated and is deployed manually on predetermined locations 

[7]. But in numerous UWSN cases, such as underwater resource 

exploration, tactical surveillance and where the amount of the 

monitored area is large, then this manual deployment will require 

significant extra manpower and material assets. Thus static de-

ployment is not suitable for such cases. On the other hand in self 

deployment, there is no need of pre-calculations and the nodes can 

shift and repositioned dynamically according to the needed topol-

ogy to reach the target without any human intervention. Self de-
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ployment further on the basis of movement capabilities of nodes, 

can be classified into move restricted and free to move deploy-

ment algorithms. In move restricted deployment, nodes can only 

move in specific direction, usually vertical and its corresponding 

algorithms are called depth adjustment algorithms. While in free 

to move deployment, it is assumed that the can reach any position 

by moving freely in the water. Among both these self deployment 

techniques, move restricted deployment is more realistic than free 

to move deployment because in UWSN, free to move deployment 

required an autonomous underwater vehicle for the adjustment of 

network topology which results to high energy and resource cost 

contrarily in the move restricted self deployment underwater sen-

sor nodes have vertical mobility in which the nodes can move up 

or down by the technique of drawing of  or filling in the water 

respectively which is a simple and accessible process. In this pa-

per, we proposed a distributed move restricted self deployment 

underwater wireless sensor network which emphasis on maximiz-

ing coverage by the sensor nodes while simultaneously maintain-

ing the connectivity with the base station by using K-Means. On 

one hand, various correlated studies have been conducted on the 

technique for move-restricted node self-deployment. In 2009 ak-

kaya et al. [7] by using the distributed node deployment scheme, 

increased the network coverage on iterative basis. Nodes were 

initially deployed at the bottom of water which then relocates 

themselves at different depths by moving in vertical direction in 

3D space of water to reduce the sensing overlap among the neigh-

boring nodes. This procedure of adjusting the node depths contin-

ue until no further improvement in the coverage can be done. Also 

it provides the connectivity of the sensor network with the base 

station. 

In 2014 hua et al.[8] proposed improved self organize map algo-

rithm for the seabed nodes arrangement .In this, victory nodes 

were selected based upon their distance from the events and if this 

distance is long then these nodes will be abandoned. Self organize 

map algorithm thus provides the probability selection mechanism 

to select victory nodes in Gibbs sampling. The nodes far away 

from the events were then moved to the direction of events, after 

the nodes near the events become the victory nodes. 

In 2014 xia et al.[9] proposed the particle swarm inspired under-

water sensor self deployment in which the flying behavior of par-

ticles was simulated and the sensors were drive to cover all the 

events and avoid overcrowding simultaneously. 

In 2015, jiang et al.[10]  proposed a node deployment algorithm 

based on connected tree which focus on maximum coverage by 

reducing the coverage overlaps between the neighboring nodes by 

constantly adjusting the depth of nodes. In connected tree depth 

adjustment algorithm (CTDA), sink node is considered as the root 

node to initiate the structure of the connected tree. Finally by or-

ganizing the network in form of forest, the connectivity can be 

maintained. For optimize coverage, the overlaps between the par-

ent and child node were reduced within each sub tree. 

In 2016 jiang et al.[11] proposed an uneven clustering with radius 

adjustment. In this algorithm the nodes initially begin the uneven 

clustering based on their distance from the surface of water. Then 

the clusters heads choose their next hop to make a connected 

pathway to the sink node using hybrid radius path selection meth-

od. After that each cluster head node adjust the depth of the in 

cluster nodes and then find the next cluster to be adjusted. 

2. Network Model and Assumptions 

Initially it was assumed that n sensor nodes were randomly spread 

on the water surface with each node has communication, percep-

tion and mobility capabilities (vertical direction). By moving these 

nodes, their position can be adjusted underwater to structure a 3D 

coverage network. Another assumption has been made that these 

sensor nodes can sense a spherical space with sensing radius r, 

which is constant for every node and the centre of the sphere is the 

location of that particular node. Any point P outside the radius R 

of the sphere cannot be covered by that node. 

It was assumed that an extensive number of underwater sensors 

are scattered in a region to be monitored with a surface station. 

The location of sensors and surface station was assumed to be 

known by ranging or range free mechanism [7]. Since the under-

water sensors which used here were self reconfigurable, it was 

assumed that they have the ability to change their positions by 

their own through mobility. However the mobility of these sensors 

is limited as per the present innovation, these sensors can only 

move in the vertical direction (i.e. z axis) ,thus can only adjust 

their depths whereas the horizontal movement (i.e. x and y axis) is 

not possible except with the impacts of streams and waves. With 

the current technology , the depth of the underwater sensors can be 

adjusted in different ways. For example, in [4], a Mica2 mote was 

placed in a cylinder having a piston for forcing water out and 

drowning in the water. The sensor starts sinking when the water 

moves in and start rising in when the water moves out. Thus the 

sensor can adjust its depth in this way. Similarly, an air-bladder-

like gadget is prescribed to be utilized as a part of underwater 

sensors for such reason in [11]. Another method used for the ad-

justment of depth of the sensors is to use tethers from anchors 

which are placed at the ocean's bottom. There is a buoy at every 

sensor, which can be inflated by an electronically controlled pump 

placed on the sensor. The length of the wire can then be changed 

in accordance with control the depth of the sensor. 

2.1. Algorithm for removal of interference for maximum 

coverage 

Fig. 1 shows the depth adjustment of the nodes unless there is no 

interference among them. 

 
Fig. 1 Algorithm for the Removal of Interference between the Nodes 

Initially the n numbers of sensors are deployed arbitrarily in the 

monitoring area of the ocean. The sensor nodes are considered to 

be appropriately deployed if they cover the maximum area and 

simultaneously maintain the connectivity with the sink node. If 

these two goals are achieved then only the sensor network is con-

sidered to be deployed accurately. Thus our first step is the maxi-

mum coverage area, which is achieved by removing the interfer-

ence between the sensor nodes. By removing the interference be-

tween the sensor nodes, it minimize the coverage overlap and thus 

more area is covered which will improve the network coverage.  

The algorithm we used for removing the interference is firstly 

finding the Euclidean distance between the sensor nodes. The 

Euclidean distance between every node is calculated by the formu-

la following Eq. (1) 
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b(i,j)=√(𝑧(𝑖) −  𝑧(𝑗))2 + (𝑦(𝑖) − 𝑦(𝑗))
2

+ (𝑥(𝑖) − 𝑥(𝑗))2      (1) 

where b (i,j) is Euclidean distance; x, y and z are the coordinates 

of the location of the nodes in 3D space. 

Now we compare this Euclidean distance with the sum of the con-

stant radius r of that two nodes. Where Sum of radius R = r + r 

If the Euclidean distance is less than the sum of the radius, then 

there will be overlapping between the nodes and therefore the z 

coordinate of one of the nodes is thus increased by one. This step 

is repeated until the distance become equal or greater than the sum. 

When that position is achieved where the Euclidean distance is 

greater or equal to the sum of the radius that will be considered as 

the final coordinates of the node’s location.  As the sensor nodes 

we used are move restricted, they can move only in vertical direc-

tion therefore only z coordinates can be changed.  Thus the depth 

of the nodes is adjusted by moving them in vertical direction until 

there is no overlapping. . Previously centralized method is used in 

which the depth of each node is calculated by the sink node. But 

the centralized method is difficult to be achieved by the distribu-

tion of the nodes.  Thus   we used a distributed method in which 

each sensor node estimates its location individually. Figure 2 

shows the initial deployment of the nodes which have interference 

between them that leads to overlapping of the coverage area of the 

nodes .while figure 3 shows the removal of the interference after 

performing the algorithm. 

 
Fig. 2. Random deployment of nodes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Nodes after Removal of Interference 

 

2.2 Clustering 
After the removal of interference, the next task is the grouping of 

nodes so that each node is linked to the sink node. The clustering 

is done using K-means in which all the observations partition 

themselves into K clusters and each observation belongs to the 

cluster with the nearest mean. The clusters thus formed, have very 

high intra cluster and very low inter cluster similarity. The number 

of clusters is defined by the K which is the positive integer num-

ber. The principle thought of K-Means is to define K centroids, 

one for every cluster. The initial step is to associate every point of 

the given data set to the closest centroid, in terms of Euclidean 

distance to the cluster mean. At the state when no point is pending, 

the initial step is finished and an early grouping is completed. 

Now we have to re-compute K new centroids as barycenters of the 

clusters formed in the previous step. After we have these k new 

centroids, another coupling must be done between the same data 

set points and the closest new centroid. It generated a loop, as a 

result of which K centroids changes their location step by step 

until no more changes are done. In spite of the fact that it can be 

demonstrated that the system will dependably end, the calculation 

is likewise altogether delicate to the initial arbitrarily selected 

cluster centre’s. K-means is a straightforward calculation that has 

been adjusted to numerous issue domains. 

We had deployed 50 sensor nodes in the area of 200 m and divide 

them into 12 clusters using K-means i.e. K=12 and n=50 with each 

sensor nodes having a constant sensing radius r of 10 m. This 

simulation is done in matlab software. The 12 clusters thus formed, 

have one centroid for every clusters. All the nodes in a cluster are 

directly attached to its centroid and all the centroids are further 

connected to each other. Then by using the Euclidean distance 

formula we attached the nearest centroid to the sink. Thus infor-

mation at every region get sensed by the node of the correspond-

ing region and then delivered it to its centroid . The centroid fur-

ther  passed it to the base station for processing. 

Fig. 4 represents the clustering of nodes in which the nodes num-

bered from 1 to 50 were connected to their corresponding cen-

troids shown using red circles. The base station BS is connected 

with the nearest centroid. 

 
Fig. 4. Clustering of Sensor Nodes 

3. Simulation and Performance Analysis 

In this study we analyze, simulate and compare by the parameters 

of coverage and connectivity. The node deployment process in 

UWSN and the clustering is simulated using Matlab. 

3.1. Coverage rate 

The coverage rate of the network is defined as the coverage scale 

of an underwater sensor network of the monitoring area or the 

target and is also an essential standard to assess a node deploy-

ment algorithm. The coverage rate is calculated using the formula 

following Eq. (2) 

  

C = 
𝑉 𝑐𝑜𝑣

𝑉 𝑡𝑡𝑙
                                                                                         (2) 
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Where Vcov is the volume covered by the sensor nodes and Vttl is 

the total volume of the monitoring area in 3D space 

In figure 5 the graph shows the comparison between the k means 

and the different self deployment techniques of SDDA, 

CTDA,CDA on the bases of the coverage rate by considering 

varying number of nodes. The results in the graph depicts that by 

increasing the number of nodes from 10 to 20, the coverage rate of 

each technique increases simultaneously .Here the radius of every 

node is assumed to be 10 m.  

 
Fig. 5. Graph of coverage comparison with varying number of 

nodes of different techniques 

3.2. Connectivity rate 

It is the essential parameter which depicts the quality of service of 

the sensor network and is defined as the ratio of the number of 

nodes connected to the sink node to the total number of nodes, 

given by Eq. (3) 

 

Con =  
𝑁𝑠𝑖𝑛𝑘

𝑁𝑡𝑡𝑙
                                                                                   (3) 

 

Where Nsink is the number of nodes connected to the sink and Nttl 

is the total number of nodes. 

As we have used K-means clustering in which all the nodes are 

grouped into 12 clusters each having their own centroid and all the 

nodes in each cluster are directly connected to its centroid. More-

over all centroids are interconnected and the nearest is connected 

with the sink. Thus all the nodes are connected to the sink and 

gives 100 % connectivity except the case if any of the centroid 

stop working. In that case all the nodes in that cluster will get 

disconnected from the sink.  

4. Conclusion and Future Scope 

Underwater sensor network deployment is considered the im-

portant research topic as it is very crucial in the terms of security 

in the military and the surveillance. With the help of UWSN the 

enemy submarines and other suspicious vehicles can be detected 

and attacks through the sea can be controlled. Moreover the re-

search area of UWSN is very wide. It also includes industry, study 

of marine life, detecting the disasters, study of endangered species 

like coral reefs, etc. The efficiency of the UWSN depends on the 

deployment of sensors nodes. More efficiently the nodes are de-

ployed, more will be the network reliability. The deployment we 

used is the move restricted self-deployment. The approach used 

here is distributed in which each node adjusts its own depth and is 

not dependent on the centralized hub, thus it is more advantageous 

and efficient than other methods. The deployment of sensors and 

their clustering are obtained using MATLAB software. The com-

parison between the different techniques for self-deployment is 

made on the parameters of connectivity and coverage rate which 

shows k means is more efficient than other methods. 
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