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Abstract: In the last two decades, underwater acoustic sensor networks have begun to be used for
commercial and non-commercial purposes. In this paper, the focus will be on improving the monitoring
performance system of oil pipelines. Linear wireless sensor networks are a model of underwater applications
for which many solutions have been developed through several research studies in previous years for data
collection research. In underwater environments, there are certain inherent limitations, like large
propagation delays, high error rate, limited bandwidth capacity, and communication with short-range. Many
deployment algorithms and routing algorithms have been used in this field. In this work a new hierarchical
network model proposed by mean adding new nodes to the parents/ child relationship of the hierarchal linear
structure with improvement to Smart Redirect or Jump algorithm (SRJ) which supports this type of network in
underwater. This improved algorithm is used in an underwater linear wireless sensor network for data
transfer to reduce the complexity in routing algorithms for relay nodes andminimizeoverall delay in network
communication. This work is implemented using OMNET++ and MATLAB based on their integration. The
results obtained based on throughput, energy consumption, and end to the end delay
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1. INTRODUCTION

The continuous progress in communications and integrated systems has led to significant
development in the field of industrial tasks and greater control. The great scientific advances in
information and communication technology, the improvement of microelectromechanical systems,
industrial intelligence, and process control have improved all areas of industrial practices related to oil
processing. Underwater acoustic wireless sensor networks (UAWSN) are used in different
applications such as data collection, coastal monitoring, earthquake forecasting, oil pipeline
monitoring, and pollution detection. The harsh underwater environments impose various constraints,
most notably high bit error, propagation delay, low bandwidth, and short-range communications [1].
All of these limitations reduce the performance and lifetime of sensor nodes, therefore require the
deployment of nodes in different ways. Deployment strategies play an important role in the success of
underwater sensor networks because they need safeguards to address key objectives such as
improving network life and full connectivity [2]. In addition, deployment strategies should address the
key factors associated with the node or network, such as delay, throughput, packet reception rate,
transmission and reception capacity, and energy consumption [3]. The linearity of oil pipelines
requires the establishment of a linear sensor network along the pipeline for monitoring. Underwater
linear networks characterized by limited routing protocols due to the linearity of the network thus, the
simple algorithm is required to reduce energy consumption [4].

The Smart Redirect or Jump Algorithm (SRJ) is an integration of two algorithms, Jump Always (JA)
and Redirect Always (RA) algorithms [5]. The Advantages of the SRJ algorithm are through
combining the jumping and redirect strategies in terms of the SRJ algorithm provides the ability to
overcome failure nodes. This algorithm depends on the number of hops to determine the direction of
packets to reduce the energy needed to send packets. The problem in this algorithm is the data relay
nodes which are deployed around oil pipeline suffer from time and energy consumed during the
process of relay data to the neighbor nodes which lead to result network delay, and the process of
increasing transmission range of data relay nodes in opposite direction to be twice in case of no
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neighbor node available in default direction[6],[7].In addition, the sensors connected to the relay node
may be out of network due to the failure of these nodes. This work proposes a new hierarchical
network model by adding a new layer of nodes in the network model with improvements to the SRJ
algorithm to increase the reliability of wireless sensor networks in an underwater environment.

2. BACKGROUND AND RELATED WORK

In previous years, Numerous research studies were conducted on non-linear sensor networks [8], [9],
[10] and on linear sensor networks [11], [12], [13].several solutions have been proposed to address the
factors imposed by the harsh underwater environment in terms of routing algorithms, network
topology, and method of deployment of nodes depending on the type of these nodes with a short or
long-range. The communication between nodes is limited as a result of the harsh underwater
environment, and due to these factors in an underwater environment. The nodes suffer from failure
which leads to the partial or total malfunction of the network, especially if these nodes are close to the
sink as shown in Figure (1).
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Figurel. Underwater linear wireless sensor network [14]

In [14 ],The enhanced algorithm for the deployment of a linear underwater wireless sensor network
(EULWSND) is presented for improved durability in the collection of underwater linear sensor data
deployment strategies were discussed and compared with the proposed strategy taking into
consideration the linearity of the underwater pipeline and the heterogeneity of sensor nodes.The work
presented in [5], Provides a comprehensive analysis of the integration of wiring with radio and
acoustic signals to establish a reliable network, meet underwater challenges, compare network
connectivity, network power supply continuity, and physical network security. The jumping or
redirect protocol (SRJ) is proposed and compared with the previous methods to increase the reliability
of the underwater sensor network. The author in [6], proposes increasing the transmission range for
relay nodes in an adaptive manner called Adaptive Smart Redirect or Jump algorithm (ASRJ)
depending on the status of the neighboring relay nodes in both directions to reduce the energy
consumed in these nodes despite the increased network delay due to the increase in the number of
hops.

3. ENERGY CONSUMPTION AND END-TO-END DELAY

The process of energy consumption of the underwater acoustic sensor networks (UASNs) depends on
their placement and trade-off with the end to end delay. For the nodes system, a sufficient number of
underwater nodes should be deployed to fully cover the oil pipeline because these nodes are
connected by acoustic waves and all these nodes are subject to the same environmental standards [15].

The source signal level SSL which calculated during send packet from the source node to the gateway
can be represented by equation (3) [16].

SSL = ANL + SNR +TL — DI 1)

Where ANL is an ambient noise level, SNR represents the signal-to-noise ratio, TL represents the
transmission loss, and DI represents the directivity index.

The transmission loss can be calculated by equation (2) [17].
TL =10log d+ACd 10% +TA 2
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Where d represents the distance between the sender and the receiver, AC represents the absorption
coefficient, and TA represents the transmission anomaly [18].

SSL=10log (SIT /1 x Pa) 3)

Where SIT represents the intensity of the underwater signal in xPa and can be expressed using
equation (4).

For the transmission power, TP can be represented by equation (5)[19],[ 20].

SIT=10%" x0.67 x 108 4)
TP =27z xd xhxSIT (5)
Where SIT represents the intensity of an underwater signal, and h represents the water depth in m.

In UASN, the end-to-end delay (EED) can be calculated using equation (6) [20 ],[21].

EED=N (tprop(, i+1) + tokt) Q)

Where tpropg, i+1yrepresent propagation time between sensor nodes | and i +1 in underwater, tp
represent time to transmit a data packet, and N is the number of hops.

4. SMART REDIRECT OR JUMP ALGORITHM (SRJ)
A-parent/child relationship

A hierarchical network model of the linear structure sensor network consists of three types of
heterogeneous nodes [5], [6]. Each node has its functionality represented by data collection, routing,
and dissemination to the control network center (NCC). Figure (2) shows heterogeneous nodes in the
parent/child relationship, which represent the relationship among these nodes
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Figure2. .Parent/child relationship for the Smart Redirect or Jump algorithm [5]
e Basic Sensing Nodes (BSNs)

This node is one of the common nodes that are deployed along the oil pipeline to detect the corroding
and leakage that occurs in the pipeline. These sensors send data to the relay node in the next layer of
the network structure.

o Data Relay Nodes (DRNs)

The role of these nodes is to collect data from the (BSNs) then select the shortest route and forward
data to the DDN to reduce the energy consumption

o Data Dissemination Nodes (DDNs)

These nodes collect data and direct to the sink which sends this data to Network Control Center
(NCC), therefore this node has a higher communication capability. Based on DDNs deployment, it
possible to divided linear networks into multiple segments.
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B-MessagesRelaying by (DRN)

Relay nodes forward data based on (jump or redirect strategies) therefore, each node has a primary
parent (DDN1) and secondary parent (DDN2). BSNs send a packet to the relay node (DRN) where
this node forward data to its neighbor in the default direction. If the neighbor node is not active, the
jump strategy is used to reach the other nodes rely on jump factors (single or multi hope). In the case
of, the jump strategy is failed, the redirect strategy is used. Each relay node contains the information
of the neighboring nodes and the operational status of each node.

The direction of sending packets depends on the energy-consumption (EX) in both directions [4]. If
Exlp < Ex2p, the packet direction is towards to the primary parent (DDN1), by contrast, the
direction of the packet will be towards the secondary parent(DDNZ2).Figure (3) represents the
direction of the packet based on energy-consumption. The energy-consuming in both directions based
on the number of hops in each direction thus, each node must calculate the energy consumed to
choose the shorter route, therefore, increase packets that are delivered to the parent node.
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Figure3. Packets direction based on number of hops [6]
5. PROPOSED METHODOLOGY

The deployment of nodes in underwater networks rely on the way to ensure communication between
them. In the proposed approach, we add new nodes communicated with the sensors instead of the
previous strategy where sensors communicated with the relay nodes directly. These nodes collect data
and send it to the relay nodes depends on the status of these nodes, not on the number of hops in both
directions. This node is called Aggregation Relay Node (ARN). This node does not transmit other
network data, as in relay nodes, but only data from the communicated sensors.The new hierarchical
network model is shown in Figure (5).

Network Control Center  — @

Data Dissemination Nodes —.I .

Data Relay Nodes m— ' "'
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AR
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Figure4. Hierarchical representation of the new network model

The new structure is based on the proposed algorithm applied in (ARN). This algorithm called
improved SRJ algorithm (ISRJ) which relies on the transmission of packets to the active nodes within
the transmission range in the default direction. If a node fails, the packets are sent to the active node
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within the transmission range in the opposite direction. In case of failure to reach both directions, the
transmission range is increased, to reach relay nodes. In the case of, there are no relay nodes, the
packet is dropped. The routing of data received from the sensors by the ARN nodes reduces overwork
on relay nodes and thus, saves the energy consumed with an acceptable end-to-end delay.

In the new hierarchical network model, the failure of the relay node does not necessarily mean that the
sensors are out of service because the (ARN) node is communicated to other relay nodes. Also, the
sensors do not need to search for a new node to connect to the data transfer as it is in the old structure
in case of failure of the relay node and thus save energy consumed. Algorithm (1) represents the
improved SRJ algorithm implemented in (ARN) node.

1 START

2 INFEUT (p)

5 SEND(p)

& ELSE

7 IF N: € dppds

78 THEN routepem:™ Onode
% SEND(p)

1 ELSE

11 A,.4-. JUMP the failure node
12 IF node in ranges
13 THEN SEND(p)

14 ELSE

15 DROP(p)

1 END IF

17 END IF

18 END IF

I9END

Algorithml. ImprovementSRJ algorithm for ARNs

Depending on the state of the relay nodes on both sides of the ARN node, the packets are routed and
the change of direction is prioritized before the jumping process in order to reduce the energy
consumed.

6. SIMULATION SCENARIOS

In this section, the proposed network model is simulated with the proposed algorithm to monitor the
oil pipeline using two software tools OMNeT++ and Matlab. The programming in the OMNeT++
simulator is dependent on the C/C++ language and NED (NEtwork Description).Network and link
layers are protocol layers simulated using OMNeT ++.The third protocol layer is the physical layer
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which is simulated as a Mat lab function Integrated into OMNeT++.The physical layer can be

simulated as a modulator, a channel, and a demodulator that developed by Borrowski [22].

Tablel. Represent the simulation parameters

Parameters Value
Pipeline length 1000 m
Type of nodes BSN,ARN,DRN,DDN

Total Number of DDN

2 (one node every 1000meter)

Total Number of DRN

10 (one node every 80 meter

Total Number of ARN

5 (one node every 160 meters)

Total Number of BSN

4 (one node every 40 meters)

per ARN

Ranges of nodes 50,100,120 m

Bandwidth 20Khz

Packet size 64byte

Hello Packet 12 byte

Propagation model Underwater propagation

Number of Sinks 2
simulation time 1000s

Figure (5) represents the four-level hierarchical sensor network thathas adopted in this work.

= Basic SensorNoda
<> Ageragation Ralav Noda
@ Data Ralay Node

S Data Dissemination Node

Fig5. New hierarchical sensor network

In figure (5), the heterogeneous nodes around the oil pipeline are distributed by estimating the
transmission ranges of these nodes. BSN devices act as sensors that send their data to the ARN node,
which in turn sends them to the relay node depending on the proposed algorithm. The relay nodes
deliver the packets to the DDN nodes, which in turn send them to the sink that converts them to the

network control center (NCC).

7. RESULT

The results in this work are compared against the old hierarchical network model with (SRJ)
algorithm. The results are presented in the following figures.
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Figure6. Received Throughput
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Figure8. End — to — End delay

Figure (6) represents the received throughput in different period’s time. The process of adding the
ARN node leads to improve the performance of the network in terms of increasing the probability of
the arrival of packets sent by the sensors. It also reduces the delay between relay nodes due to reduced
overwork. Also, the proposed model provides more productivity in case of relay nodes fail because
ARN node will provide another path for the sensors towards the relay nodes. The difference between
the two protocols is mainly due to the fact that ISRJ applied in ARN works faster and more efficiently
during the setup and communication process, especially in case of transmission to the farther relay
node with its transmission range.

The process of energy consumption of the UWSNSs depends on the placement of the nodes and trade-
off with the end to end delay. For the system of nodes, a sufficient number of underwater nodes
should be deployed to fully cover the oil pipeline because these nodes are connected by acoustic
waves and all these nodes are subject to the same environmental standards. In this experiment, better
results were obtained after using the proposed new network hierarchy. In Figure (7), the new structure
with the proposed ISRJ algorithm outperforms the old structure using the SRJ algorithm due to the
increase in the number of nodes and the reduction of overwork on the relay nodes by deciding to route
packets by the ARN node and thus reducing the memory used for storage. In addition, the ARN node
increases the transmission range when there are no active relay nodes in directions, extending network
life and increasing reliability.

Figure (8) shows the end — to — end delay of the two compared strategies. The experience of the new
hierarchy shows that end-to-end delays are acceptable compared to the SRJ algorithm. The ARNSs that
are added to the network increase the number of hops by one hop for the transmitted data because
these nodes do not participate in the transmission of other data in the network. The number of jumps
range affects the delay from source to destination, which should be a trade-off between energy
consumption and delay from start to finish. In this work, the ARN node sends data to the farthest relay
node within its scope to minimize the delay caused by increasing the number of hops. The processes
in the relay nodes are better because of the new structure with the proposed algorithm, which reduced
the overwork on these nodes

International Journal of Innovative Research in Electronics and Communications Page | 34



Improved the Monitoring Performance of Oil Pipeline Using Underwater Wireless Sensor Network

8. CONCLUSION

The process of monitoring the underwater oil pipelines receives wide attention due to the importance
of these pipelines for the transfer of crude oil. Added nodes are used to collect data from the sensors
and directed to the relay nodes and propose an algorithm based on the status of the nodes in both
directions. The results show the superiority of the new network hierarchy. In the case of the first
scenario, the received network throughput between the two strategies was compared based on
different period’s time. The ISRJ approach outperforms in terms of packet delivery ratio over SRJ due
to maintaining the number of sensor nodes in case any relay node fails in the proposed strategy as the
nodes are directly connected to ARNSs that provide greater network reliability. The end-to-end delay in
the first simulation scenario is acceptable when compared to the amount of energy consumed in the
ISRJ strategy. The use of ARNSs in the network led to reducing the energy consumed in the relay
nodes, resulting in a longer lifetime of these nodes, thus increased network reliability. The trade-off
between end-to-end delay and energy consumption has shown that the network is not much affected
by the end-to-end delay and the energy consumed in the ISRJ approach is lower than in SRJ.
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