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h i g h l i g h t s

• A light-weight prediction based opportunistic routing algorithm is proposed to select and prioritize the forwarding nodes.
• A light weight time series based prediction method is proposed to select the node to forward the information.
• Proposed routing algorithms work well for highly dynamic marine search and rescue wireless sensor network.
• Trading 2% additional energy consumption per node for a 30% better delivery success rate is desirable 2.
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a b s t r a c t

In recent years,maritime and air crashes occur frequently. The existing rescuemeasures rely only on board
satellite communications equipment, which makes it difficult to confirm the accurate positioning infor-
mation and vital signs of drowning people. Recently, wireless sensor networks (WSN) are introduced to
Maritime Search and Rescue (MSR).WSNs feature quick expansion, self-organization, and self-adaptation
to the marine environment. However, the constant changing nodes location and link reliability in marine
search and rescue WSN makes the routing metrics between nodes highly dynamic. Traditional routing
protocols such as AODV that establish a fixed single route based on static nodes information will provide
poor packet delivery rate and take no consideration of the limited energy on the irreplaceable WSN
nodes. We propose to employ opportunistic routing which can make best use of the broadcast property
of radio propagation. The forwarding decisions in opportunistic routing are only based on its neighbor’s
information. No network-wide flooding is required to establish routes. In order to maintain the latest
neighbor information and minimize the energy cost of collecting these information, we propose a light-
weight time series based routing metric prediction method to deal with the high communication cost
incurred by collecting the latest routing metrics between nodes.

Results: Our implementation of opportunistic routing protocol achieved 30% more Packet Delivery
Ratio compared to the traditional AODV protocol. Also opportunistic routing protocol with prediction
performed slightly better than opportunistic routing protocolwithout prediction. Our approach generated
90% efficiency where as 60% efficiency was achieved using AODV protocol. In achieving this an additional
3% energy is consumed by the nodes. We feel additional 3% energy consumption to improve delivery
greatly by 30% is a good tradeoff.
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1. Introduction

In recent years, maritime and air crashes occur frequently. The
existing rescue measures rely only on board satellite communi-
cations equipment, which makes it difficult to confirm the accu-
rate positioning information and vital signs of drowning people,
greatly reducing the rescue efficiency. [1,3] first introduced the
wireless sensor networks to Maritime Search and Rescue (MSR). A

http://dx.doi.org/10.1016/j.jpdc.2017.06.021
0743-7315/© 2017 Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/j.jpdc.2017.06.021
http://www.elsevier.com/locate/jpdc
http://www.elsevier.com/locate/jpdc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpdc.2017.06.021&domain=pdf
mailto:hfwu@hmtu.edu.cn
mailto:jun.wang@ucf.edu
mailto:raghav3276@knights.ucf.edu
mailto:vamseereddy8@knights.ucf.edu
mailto:pmohapatra@ucdavis.edu
http://dx.doi.org/10.1016/j.jpdc.2017.06.021


H. Wu et al. / J. Parallel Distrib. Comput. 111 (2018) 56–64 57

wireless sensor network (WSN) is a collection of spatially dis-
tributed autonomous sensors, connected to a Wireless Sensor
Node, that collects data and cooperatively passes it through the
network to amain location. Features ofWSNs include quick expan-
sion, self-organization, and self-adaptation to the environment.
Maritime Search and Rescue (MSR) is dependent on a WSN that
tracks and provides real-time information on objects in a speci-
fied complex range (Huafeng Wu et al., 2013) [1]. In the marine
environment, wireless sensor nodes are widely distributed, whose
movement is always affected by winds, waves, surge, etc., Due to
this, the network topology frequently changes, the communication
link is very unstable. Also, the number of nodes is limited (while a
general WSN contains a large number of nodes), the sensor nodes
cannot be replaced (because they are arranged on lifejackets), and
the nodes will be moving constantly [1]. Furthermore, nodes will
not always have sufficient energy to broadcast their messages to
other nodes. As a result,maintaining a high communication quality
and maximizing the life time of WSN in MSR is quite challeng-
ing. An efficient maritime WSN routing algorithm is the key to
improving the quality of communication. There has been a lot of
research, most of which are dealing with onshore WSNs. But, the
topology and routing algorithms onshore cannot adapt to marine
environment due to the reasons stated, so they cannot be applied
directly.

With a good routing technique, the best path can be determined
to send the packet from the origin node to the destination node [3].
Good WSN routing algorithm can effectively improve the relia-
bility of network communication and reduce unnecessary energy
consumption. Signal propagation environment on the sea is quite
different from that on the land [5]. The nodes of communication
network show high mobility due to winds and waves, and the
signal attenuation shows a strong randomness on the sea. Hence,
it is not applicable to simply adopt the signal propagationmodel of
free space [6] to analyze network routing in maritime search and
rescue environment. So it is important to resolve the highmobility
and signal attenuation randomness in the maritime search and
rescue environment for the packet routing. As a routing technique
for wireless application environment, opportunistic routing is pro-
posed, which shows consistency with the wireless links and effec-
tively improves the performance ofWSNs. Opportunistic routing is
a new kind of dynamic routing based on multiple hops [7]. Unlike
traditional routing, the forward nodes in this routing technique
are not fixed. Instead, the forwarding nodes meeting some re-
quirements are chosen dynamically having some priority orders
for different forwarding nodes. If the forwarding to the current
optimal node fails, it will switch to the second optimal node and so
on, until the data packet reaches the target node successfully. The
opportunistic routing technique canmake full use of the broadcast
characteristics of radio propagation, and significantly improve the
success rate of transmission. Opportunity routing mechanism can
improve data transmission in the wireless communication net-
work performance, and the key point in the design of opportunity
routing algorithm is determining the forwarding priorities of all
candidate neighbor nodes. The biggest challenges inmarine search
and rescue WSN are that node locations and link quality between
nodes are constantly changing. Keeping latest routing metrics be-
tween nodes will incur high communication cost. We propose a
prediction based opportunistic routing called POR to deal with the
high communication cost. The same as [23], it takes a combination
of geographic location and link quality to compute forwarding
priority. Differently, POR employs a light weight time series based
prediction method to minimize the frequency of location and link
quality information exchange between nodes.

To summarize our contribution, for highly dynamic marine
search and rescueWSN, we propose a new light-weight prediction
based routing algorithm (by extending the existing opportunistic
routing algorithms) that selects and prioritizes the forwarding
nodes depending on the situation.

2. Literature review

For large scale networks, due to the node energy constraints, it
is highly difficult to achieve a global control of the network. Hence,
we adopted the hierarchical topology that can not only reduce
the communication load on the network but also can achieve a
balanced energy network to effectively prolong the survival time of
the network. Partitioning a set of nodes into clusters, and assigning
a cluster head for each cluster is one way in which hierarchical
network is designed. In such a network, the nodes of the cluster
would be forwarding the data to the cluster head, and the cluster
head would be forwarding it to the next level of the hierarchy.
LEACH (Low-Energy Adaptive Clustering Hierarchy) [5] was the
first proposed clustering algorithm. But because of the random-
ness of the cluster head selection, resulting in uneven clustering,
the overall performance of the network was affected. HEED (A
Hybrid Energy-Efficient Distributed Clustering Approach) [6] has
improved the problem of uneven distribution of cluster head in
LEACH algorithm by choosing primary and secondary parameters,
using which the energy balance is maintained across the entire
network. Xu [7] assumed that sensor nodes can determine location
information, and the clustering can be carried out based on the
location. It predicts a node’s residence time in the current cluster
and makes adjustments based on the mobility with a good scala-
bility. However, if the cluster head that is randomly selected has
less energy remaining, it would exit the network once its energy
is depleted, affecting the overall performance of the network. In
order to solve this problem, [8,10] have improved the algorithm
at the cluster head selection process by also taking the remaining
energy of nodes as a key factor, thus effectively balancing the
network’s energy consumption and prolonging the lifetime of the
network.

Thewireless sensor networks at sea are analogous to themobile
Ad-Hocwireless sensor networks. In recent years, researchers have
proposed many routing solutions to improve its communication
quality by introducing several of themore typical routing protocols
including AODV, DSR, DSDV, and TORA [11]. These protocols can
adapt to the dynamic characteristics of Ad Hoc network topology
by maintaining the link, thus avoiding breakage. But they cannot
guarantee the stability of the selected link, thereby increasing the
cost of link reconstruction. The [13] analogized instability of the
network link and uncertainty of information introduced the Shan-
non information evaluation theory — entropy to MANET (Mobile
Ad-hoc Networks), Sun B [15–17], which takes the entropy as a
measure of cluster head selection. This maintained the stability of
the cluster and ensured the stability of the communication link.
Zou et al. [18] further proposed a stability underwater QOS routing
algorithm based on entropy.

Ref. [1] made the detailed elaboration on the basic prototype of
the MSR-WSN and preliminarily proved the feasibility of the mar-
itime search and rescue system.However, the authors did notmake
the research on the routing algorithm under special circumstances
of the sea. In the context of maritime applications, the routing
algorithm should not only ensure a better success rate and energy
transfer balance but also be faced with highly dynamic nodes. So
far, most of the studies onWSN focused on how to ensure the load
balance, minimizing energy consumption, data transmission effi-
ciency, and reducing the end-to-end delay. ThomasWatteyne [16]
and others pointed out that the data transmission of WSN should
happen in the form of multiple hops, and the energy of the WSN
finiteness requires that the routing protocol has high address-
ing efficiency. Watteyne analyzed the flood routing protocol and
hierarchical routing protocol of WSN and summarized the basic
concept of routing protocol, its improvements, and application of
the latest research results with relevant agreements. The flooding
routing algorithms include SPIN (Sensor Protocols for Information
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