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Abstract
Underwater Wireless Sensor Network (UWSN)

comprises of sensor nodes equipped with acoustic
communication systems. UWSN are being exten-
sively used in ocean habitat surveillance, marine
explorations and in harbor surveillance. Deploy-
ing sensors inside the ocean is a very challenging
job. UWSN nodes have unique characteristics such
as small size, limited bandwidth and a very criti-
cal battery life. The battery of such nodes cannot
be recharged by traditional techniques and hence
routing of information needs to be minimized. It
is not feasible to use wireless transmission tech-
niques as salt water absorbs wireless signals, mak-
ing acoustic communication the only choice of com-
munication. The speed of transmission in acoustic
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communication is only 1500 m/sec which is 2 Lakh
times slower than available wireless sensor transmis-
sion techniques. Here in this work, we propose to
carry our research work in recovery from network
faults in underwater wireless sensor network using
cat swarm optimization. Faulty transmissions oc-
cur in UWSN due to topology changes caused by
mobility of nodes. Node mobility is a result of
water current that cannot be eliminated. Hence,
UWSN needs mechanisms to deal with faulty trans-
mission. We aim to explore possible literature on
UWSN and propose an innovative algorithm based
on Cat Swarm Optimization (CSO) to recover from
network faults.

Key Words : Underwater Wireless Sensor Network,
Network Faults, Cat Swarm Optimization (CSO)

I INTRODUCTION

UWSNs consist of sensors deployed under the surface of water where
communication is through acoustic medium. Since, the sensors are
placed inside the water surface; the signals face long propagation
delays, bandwidth failure and are prone to network issues due to
node mobility. Underwater WSNs are being explored in harbor
surveillance, aquatic habitat monitoring and also in ocean floor
surveillance [1]. In future it could be used in oil pipelines or super-
vising hydroelectric reservoirs [2]. Also UWSNs can be used in the
field of robotics where robots can make mutual decisions communi-
cate effective information in a protected way and achieve network
profit even inside water bodies [3-4]. They could be explored in de-
tecting intrusion and pirate attacks in sailing ships [5-6]. UWSNs
have various issues that need to be taken care of. Range of acous-
tic communication is narrowed by the energy suppression which
causes adversity and provocation to localization of nodes in large
scale [7-8]. So, node localization can be improved in large scale
in underwater networks. Issues such as static node deployment,
full sensing, communication and storing backups for future refer-
ence should be addressed [9-10]. Dynamic clustering needs to be
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explored as nodes drift away from their initial clusters due to water
current [11]. This network is prone to network faults due to its
dynamic nature. Energy consumption of nodes is very challenging
unless issues caused by node mobility are not well addressed. In
underwater communication terrestrial routing protocols cannot be
applied. So, self organized routing protocols are used to compute
the propagation delay of acoustic waves in underwater communica-
tion [12]. Depth and Energy Aware Cooperative routing protocol is
used in UWSN for effective and reliable data transmission [13-14].
Limited bandwidth, limited battery, less memory, network fading,
etc issues in UWSN can be solved by location based routing proto-
col [15-16].

The layout of the paper is as follows; section 2 discusses the
application of CSO for UWSN with the seeking and tracing phases
of it. The experimental evaluation and result analysis has been
given in Section 3 and finally, section 3 given the conclusion of the
proposed work.

II CAT SWARMOPTIMIZATION FOR

NETWORKRECOVERY IN UWSN

CSO is defined as one of the latest swarm-based algorithm. CSO
comprises of two modes, seeking mode and tracing mode which
simulates the resting and hunting behaviors of cats. CSO has been
explored by Amara et al. [17] in optimizing the reliability of design
and cost constrains in Hybrid Wind Gas using Cat Swarm intelli-
gence. Bahrami et al. [18] reviewed the superiority of CSO over
different algorithms along with their different variations developed
by other researchers. Modified Cat Swarm Optimization (MCSO)
was presented by Lin et al. [19] where they used CSO along with lo-
cal search procedures which resulted in improved search efficiency in
problem space. Mohamadeen et al. [20] presented a new version of
CSO i.e. Binary Cat Swarm Optimization (BCSO) to design an op-
timization model based on Support Vector Machines (SVM). This
model was used to find the best transformer tests based on various
climatic, biological and chemical factors. CSO can be considered
as an accurate clustering method. It is based on the individual
behavior of cats. Energy of the system is conserved as each node
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(Cat) performs seeking and tracing mode of operation alternatively.
Tsai et al. (2016) [21] proposed a sink node placement method by
utilizing a newly designed object function and employing the CSO
algorithm to find out the near best location for placing the sink
node.

UWSN are network characterized with dynamic topology. The
dynamic topology is witnessed due to water current. Water cur-
rent is inevitable. Water current causes nodes to drift away from
their initial position of deployment. Routing techniques employed
in UWSN, therefore need to address the issues that arise due to wa-
ter current. The network should be adaptable and deal with faults
that arise due to node mobility. Different types of faults and error
arise in the network. Nodes are not aware of the new location of
neighboring nodes and continue transmitting packets as per old po-
sition and schedule. This leads to transmissions errors, link failures,
and packet loss. Network is likely to be congested with many pack-
ets being forwarding without success. Network lifetime is affected
and reduced drastically. Network throughput is also adversely af-
fected. Packet delay increases making the network becomes more
unreliable and the network is prone to more disconnections and
partitions. This affects traditional clustering approaches in UWSN
as well. To address these issues, a fault detection and recovery
mechanism is needed for UWSN. The technique that could help
the network in adapting its routing information based on node mo-
bility is needed. Such a mechanism should first detect faults in the
network. Faults are areas of the network topology with possible
network disconnections. If the network is disallowed from being
partitioned it will help the network in avoiding many of the issues
listed above. Here, we propose a solution to deal with network
faults. Detection of network faults needs further exploration. Here,
the network architecture as proposed by Rao et al. [22] is con-
sidered for the proposed algorithm. It includes an Aerial Mobile
Sink (AMS) node that communicates with the base station. It is
a mobile robotic device that traverses an aerial path visiting all
cluster head nodes. Cluster head nodes are second type of nodes.
They are devices equipped with both wireless and acoustic mode of
communication. They communicate with the AMS using its wire-
less interface. Communication with the underwater wireless sensor
nodes is achieved via acoustic means. Finally, the third category of
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nodes is the UWSN Nodes. They report to a given cluster head at
a given point of time. Further in this work, the UWSN nodes are
assumed to be equipped with capabilities of being mobile. These
nodes are considered to be CAT nodes. They are assumed to be
in two modes. In seeking mode, each cat nodes observes its envi-
ronment. In tracing mode, the node which has maximum number
of neighboring nodes and requires minimal energy consumption is
selected to move to regions in the network that are likely to be
less covered. The proposed algorithm is inspired from CSO. Here,
underwater sensor nodes are considered to depict the behavior of
cats. A cat is said to be in two modes such as; in seeking mode, the
cat observes every activity in its neighborhood and in the tracing
mode the cat makes a calculated move towards a prey. Here, we
consider all underwater nodes to be cat nodes. An empty or void
space in the network is assumed to be a prey. Each cat node ob-
serves it neighborhood in the seeking mode in search of its prey. In
the tracing mode the cat with the best fitness function moves to
hunt the prey. The proposed algorithm thus detects network faults
and by moving its nodes wisely avoids network disconnections. By
preventing network disconnections, the system is fault tolerant. It
helps in achieving better throughput and in enhancing network life-
time. The proposed CSO algorithm has two phases seeking phase
and tracing phase.

A. Seeking phase of the proposed algorithm

Here, N number of cats is considered for simulation. Energy
of each node is initially considered to be 5 Joules. For each data
packet reception 0.1 Joules of energy is spent, while for each trans-
mission 0.2 Joules of energy is utilized. In moving from current
position to new position 0.4 Joules of energy is considered to be
expended. In observing the environment 0.01 Joules of energy is
considered to be spent every second. The current position of the
cats is randomly generated using (1) and (2).

Catx = 1 + (10− 1) × rand (1)

Caty = 1 + (10− 1) × rand (2)
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The next possible position of the cats are calculated using the
(3).

Xcn = (1 ± SRD × R) × XC (3)

Here, XC is the Current position of a given cat, Xcn is the new
position and R is a random number of range (0 < R < 1). The
probability that cati is selected for next transmission depends on
the maximization and minimization function as expressed in (4).
At this point of time, the void region or the region with less net-
work coverage is assumed to be known.

Pi = |FSi−FSb|/|FSmax−FSmin| (4)

Where, Pi is Probability of selection of current candidate cati for
next transmission, FSi is the current fitness value of cati, FSmax is
the maximum value of tness function and FSmin is minimum value
of tness function for a possible action, while FSb is the estimated
fitness function.

Here, FSmax is a minimization function that aims to ensure that
ensures nodes which requires least energy for next transmission
is selected. FSmin is a maximization function that selects nodes
which have maximum number of neighbors as the next node for
transmission. By doing so, the algorithm ensures that a node with
greater network coverage and with higher residual energy is selected
for next transmission. This objective function which involves both
minimization and maximization fitness functions therefore elimi-
nates network faults as expressed in (5).

FSb = 0.5 × Et + 0.5 + n (5)

Here, Et is the minimum energy required for next transmission
to cluster head and n here represents the number of current neigh-
bors for a given node. The node closest to cluster head which is only
one hop away will require least energy for data transmission. Also,
for assuring reliable network coverage a node is expected to have
at least 1 neighbor one hop away, while a maximum of 4 nodes is
considered for maximum coverage. Hence, the FSmax is calculated
as given in (6) and FSmin is calculated as shown in (7). Taking
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these values, the cat with the best fitness value is selected to move
in tracing mode.

FSmax = 0.50.21+0.54 = 2.1 (6)

FSmax = 0.50.23−0.51 = 0.2 (7)

B. Tracing phase of the proposed algorithm

The cat with the highest probable value of fitness function is
selected as the cat with the best solution. The greatest value of
minimization and maximization problem is compared and stored in
the array best, Xbest gives the greatest value of the best array. At
this point of time, the void region or the region with less network
coverage is assumed to be known using (8).

best = max(Probmax, P robmin)
Xbest = max(best) (8)

Then, the velocity of the cats with respect to the best probable
value is calculated as given in (9).

vk,d = vk,d + r1× c1(Xbest,d−X) (9)

Where, vk,d = velocity of catk in dimension d, Xbest,d = position
of the cat with the best solution, Xk,d = position of the catk, c1 = a
constant and r1 a random value in the range of [0,1]. Then accord-
ingly the new position of the others cats is calculated in order to
assure that network faults is reduced in an energy efficient manner.
The proposed algorithm is presented below.

The proposed algorithm is assumed to be executed every Tp

time. Here, Tp is the time duration of one iteration of the proposed
algorithm which consists of two phases or modes. The seeking mode
and tracing mode of the algorithm are performed linearly, one after
the other. The location of the network fault is assumed to be known
by the Cluster Head node. Fig. 1 depicts the control flow of the
proposed algorithm.
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Fig. 1. Control flow of the proposed algorithm
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III EXPERIMENTAL EVALUATION

AND RESULT ANALYSIS

Initially the simulation is carried out for 10 number of cat nodes.
The cats are in seeking mode in the first part of the algorithm.
Here cats are underwater sensor nodes considered with 5Joules of
initial energy. The current position of 10 cats in X axis is obtained
using (1). The values of catx, = {1.7599 3.3388 4.8827 2.6366
2.3099 8.8236 5.9487 8.6773 4.1586 4.6163}. Further the
current position of 10 cats in Y axis using (2) gives us following
values of caty, = {4.5980 8.2006 9.1958 3.3742 2.2246 6.2173
2.3046 6.5985 5.6192 1.6837}. The current position of cat nodes
taken initially is plotted in Fig. 2 below.

Fig. 2. Current position of cat nodes

The next possible position of underwater sensor nodes, assumed
to be cat nodes here is calculated using (3). The values obtained
for Xpos = { 0.5489 0.7982 2.6486 3.0942 1.4740 3.8739
2.8555 8.8016 1.3066 0.5788 }, while the values of Ypos = {
0.7371 2.5581 0.5936 4.1443 1.4149 7.2747 0.3332 3.3432
2.9506 0.2889 }. Next, the fitness values of each cat using (3) and
(4) is evaluated to find the probability of for selection. Here, FSmin

= -0.200 and FSmax = 2.1000. The possible position of cat nodes
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is depicted in Fig. 3.

Fig. 3. Next possible position of cats

For each data packet reception 0.1J of energy is considered to
be spent. For each transmission 0.2J of energy is utilized. Mov-
ing to a different point requires 0.4J of energy and observing the
environment requires 0.01J of energy per second, for this simula-
tion. FSmax is a minimization function that aims to ensure that
nodes which requires least energy for next transmission is selected.
Using (5) the fitness functions are evaluated. On running the sim-
ulation for 10 nodes the values obtained for minimization function
are stored in array Probmax[ ] and its values obtained as : Probmax

= {0.4965 0.5027 0.3370 0.1129 0.1890 0.2405 0.4440
0.0937 0.1057 0.1604}. FSmin is a maximization function that
selects nodes which have maximum number of neighbors as the next
node for transmission. The values obtained for 10 nodes are stored
in array Probmin[ ]. Probmin= {0.6308 0.5949 0.6314 0.7170
0.6752 0.7842 0.5893 0.8309 0.6144 0.8333}. Further all
nodes are now progressed to tracing mode, where the Best node is
selected based on (8). Hence, for this simulation Xbest = 0.8333 is
obtained. Using (9), further the velocities of all nodes is calculated
in order to ensure that nodes move in such a manner that network
faults are reduced. The velocities of the 10 nodes obtained are vel
= {0.0310 0.0365 0.0309 0.0178 0.0242 0.0075 0.0374 0.0004
0.0335 0}. Finally, the new position of the nodes is obtained in
Xnew = { 1.7909 3.3753 4.9136 2.6544 2.3341 8.8311 5.9861
8.6776 4.1921 4.6163} and Ynew = { 4.6291 8.2371 9.2267
3.3920 2.2488 6.2249 2.3420 6.5989 5.6528 1.6837}. Fig.
4 Depicts the new position of the cat nodes achieved with the help
of the propsed algorithm.
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Fig. 4. New positions of cat nodes with proposed algorithm

It can be noted from Fig. 4 that the proposed algorithm
achieves a better node distribution than otherwise. This essen-
tially helps in reducing network disconnections and network faults.
This can be proved by calculating the mean distance of underwater
sensor nodes from the cluster head as depicted in Fig. 5.

Fig. 5. Ratio of change in mean distance of UWSN nodes from CH

Fig. 5 depicts three possible mean distances from the cluster
head node. initial mean is the mean distance of the underwater
nodes at the initial state of the algorithm. mean due to node mo-
bility, indicates the possible mean distance of nodes from the cluster
head after the nodes have moved away due to water current. While,
mean with proposed algorithm is the mean distance of nodes from
cluster head after executing the proposed algorithm for Tp time.
It can be seen from Fig. 5 that the proposed algorithm helps in
reducing the mean distance of the nodes from the cluster head,
which increases due to node mobility. If nodes move away from the
cluster head, they are likely to affect the network performance due
to enhanced delay. It also affects the routing table. Further, an
adjacency matrix is constructed for the given topology that helps

International Journal of Pure and Applied Mathematics Special Issue



in calculating the covariance of the considered topology. The adja-
cency matrix for the initial topology was found to be as depicted
in A[], while B[] is the adjacency matrix that resulted due to mo-
bility and water current. C[] is the adjacency matrix achieved after
running the proposed algorithm for Tp time. It is found that the
proposed algorithm is effective is reducing the covariance of the
topology.

Fig. 6. Adjacency matrices with respect to CH

It is seen from the adjacency matrix A[] that there were 51 edges
between the nodes initially for the considered toplology.However
due to node mobility the number of edges between nodes is re-
duced to 40, as shown in B[]. This proves that node mobility af-
fects network connectivity and creates network faults. This issue is
addressed by our proposed algorithm which affectively restores the
number of edges to 49 edges, as shown in C[].

Fig. 7. Ratio of change in covarianceof distance of UWSN nodes
from CH
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Further the covraiance of the mean distance between the nodes
and the cluster head is calculated to show the effetiveness of the
proposed algorithm. Fig. 7 depicts the initial covariance for the
considered topology. It also shows the covraiance that results due
to node mobility and finally depicts the covariance achieved with
the proposed CSO algorithm. The proposed algorithm is effective
is restoring the network connectivity by 9%. It reduces the ad-
verse affect of changes in network topology due to node mobility by
68.52%.

IV CONCLUSION

UWSN unlike traditional WSN is more prone to issues that rise
due to node mobility. Often UWSN networks are dynamic in na-
ture. Traditional WSN protocols are not suitable for UWSN in
their current form. UWSN are prone to network failures, link loss
and congestion due to node mobility. Node mobility is a result of
water current which cannot be eliminated. This network therefore
experiences unreliable data transmission owing to node mobility.
Data transmission is impaired due to network faults and link loss.
A mechanism to recover from network faults in UWSN is proposed
in this research. The proposed algorithm is inspired by the nature
of CSO. Here, each underwater sensor node is assumed to be in
two modes; seeking mode and tracing mode. In seeking mode, each
node receives information about an assumed network fault while it
is observing its environment. In the tracing mode, each node pre-
dicts is possible path to deal from the network fault. The cat with
the best solution moves towards the network fault and the other
cats in the network align themselves accordingly. The proposed
algorithm thus avoids network faults which are usually void spaces
created in the network due to node mobility. The proposed algo-
rithm was found to be effective in restoring network connectivity.
It also reduced the adverse effect of changes in network topology
caused due to node mobility by 68.52%.
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