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Abstract—Underwater Wireless Sensor Network (UWSNs)
have been proposed to monitor underwater regions such as seas
and oceans. A typical example of an UWSN consists of a set
of underwater sensor nodes and a set of sink nodes that are
deployed at the sea surface. Using acoustic transmission, the
sensors send their collected data to at least one of the sinks
in what is known as the anycast transmission problem. One
of the major problems with underwater nodes is their limited
power, which means that transmission collisions are very costly.
In this paper, we propose a collision-free anycast transmission
scheduling algorithm for UWSNs. The proposed algorithm is
a location-based routing algorithm that schedules transmissions
between sensor nodes and sink nodes in order to minimize the
energy consumption and possible collisions. We perform a set of
experiments using the NS2 Aqua-Sim simulator to show that the
proposed algorithm can provide up to 26% in energy savings
compared with a simple greedy algorithm.

Index Terms—Underwater Wireless Sensor Network; Anycast;
Collision-Free Scheduling; Aqua-Sim.

I. INTRODUCTION

Over the past few decades, Underwater Wiresless Senor
Networks (UWSNs) have emerged as one of the interesting
research areas in the wireless networks community. UWSN is
used for a broad range of applications, such as environmental
monitoring and undersea exploration for scientific, environ-
mental, commercial, safety, security and military needs [1].

UWSN consists of a set of nodes (sensor nodes and sink
nodes) and a monitoring center. A sensor node senses its
surrounding area and sends the sensed data (using acoustic
communication) to one of the sinks (in what is known as
anycast transmission). This sink forwards the data it receives
to the monitoring center using typical terrestrial and/or satellite
communication.

UWSN suffer from many challenges, such as long prop-
agation delay and low bandwidth due to the low speed of
the sound in water (1.5 × 103 m/s, which is five orders of
magnitude lower than the speed of light), and high bit error
rate due to the environmental factors [2]. Radio waves are
not appropriate for underwater wireless communication due
to long propagation delay. Instead, acoustic communication
has been found to be suitable for underwater communication.
Also, since underwater sensor nodes run on batteries, energy
is a core issue to prolonging the lifetime of the network. Due
to these challenges, the existing protocols in wireless sensor
networks are not applicable in the underwater sensor networks
[3]. Thus, new efficient and reliable data communication proto-

cols are needed [4]. The differences between terrestrial sensor
networks and Underwater sensor networks are as follows.

• Communication medium: In terrestrial network, air is
the communication medium, whereas, in underwater net-
work, water is the communication medium.

• Transmission range of the underwater sensor is much
longer than that of the terrestrial sensor.

• Deployment: Terrestrial sensor networks are densely de-
ployed, while underwater deployment is more sparse due
to the cost and challenges involved.

• Cost: Terrestrial sensor nodes are inexpensive, whereas,
underwater sensors are expensive devices.

• Memory: Terrestrial sensor nodes have very limited stor-
age capacity whereas underwater sensor nodes require
more data caching, so, they have larger memories.

• Power: The power required in acoustic underwater com-
munication is higher compared to terrestrial communica-
tion.

Similar to terrestrial networks, collisions in underwater
transmissions consume node energy and waste network capac-
ity. However, this problem is more severe in UWSNs making
it one of the main concerns in many existing works [5]. Our
objective in this paper is to design an efficient anycast routing
protocol for underwater networks that minimizes packet losses,
avoids collisions, and prolongs network lifetime.

The rest of this paper is organized as follows. Section II
surveys the literature. Section III presents the system model
and the proposed anycast algorithm. In Section IV, we discuss
the experiments we conduct to evaluate the proposed system.
Finally, the paper is concluded in Section V with a brief
discussion of the future directions of this work.

II. RELATED WORKS

We now discuss some some of the relevant works. In [6],
Xie et al. proposed Vector-Based Forwarding (VBF) protocol,
which is a location-based routing protocol. In VBF, the packet
is forwarded using the vector from a source node to another.
A sensor node that is within a width of the vector will forward
the packets, otherwise, it discards the packet. The forwarding
routing in VBF formed a “routing pipe” between the source
and the destination nodes so that packets are routed from
one node to another within the pipe. As the authors claim,
VBF saves energy consumption by reducing the number of
packet relays. In an extension of [6], Xie et al. [7] proposed
VBFV. The forwarding path in VBFV is the same as VBF
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using the vector. It uses the pressure level, i.e., the depth
of the nodes, to route packets towards the sink. If there
are no voids in the forwarding routing, VBVA is the same
as VBF. But, if there is a void in the forwarding routing,
VBVA uses two mechanisms to handle the voids, vector-
shift and back-pressure. The vector-shift mechanism is used to
route data packets along the boundary of the void. If vector-
shift mechanism is failed the back pressure mechanism routes
data packets backward to some node to redo the vector-shift
mechanism.

Yan et al. [8] proposed the Depth-Based Routing (DBR)
protocol that uses the depth at the node to deliver data packets
to the sinks. It does not require expensive localization service
[9], [10]. At each a node that receives a packet, if its depth
is smaller than that embedded in the packet (in a greedy
way), then, it forwards the packet. Otherwise, it discards the
packet. The first drawback of DBR is that every node must
be equipped with a depth sensor, which can increase energy
consumption. The second drawback is the broadcasting, which
increases the complexity of the routing [11].

The authors of [12] proposed the Void-Aware Pressure
Routing (VAPR) protocol. It is a geographic and opportunis-
tic routing protocol. It uses the greedy pressure strategy to
determine the next hop forwarders. Each node know the void
nodes from the sink using a periodic beacon message which
includes a sequence number, hop count, and depth information.
Each node uses this information to build a directional path
towards the sink. The next-hop forwarding set is selected
according to the neighbor forwarding direction. In [13], the
same authors proposed Hydrocast, which is a pressure routing
protocol. It uses the pressure level information (depth) at
each node to route packets towards sinks. Hydrocast also
employs the opportunistic routing paradigm in which the next-
hop node priority is given according to the trade-off between
the progress of the packet towards the surface and the link
cost of reaching the neighbor node. To cope with redundant
transmissions, the authors proposed a greedy heuristic to
determine a cluster of next-hop forwarders without hidden
terminal problems. When a node determines that it is in a
communication void region, it performs a search for a node
whose depth is lower than its depth by means of controlled
flooding and explicitly maintains a path to the node.

Coutinho et al. [14] proposed GEDAR, a geographic and
opportunistic routing protocol. GEDAR uses the greedy mech-
anism to route the data packets to the sinks. To address the
problem of void regions, GEDAR takes advantage of the depth
adjustment apparatus in the current underwater sensor node
technology and moves void nodes to new depths to adjust
network topology. In [15], [16], the same authors proposed a
centralized and distributed geographic routing protocol with
depth adjustment based topology control to avoid node re-
covery strategy for long-term underwater monitoring using
static network architecture. The proposed protocols organize
the network topology to reduce the void and the number of
disconnected nodes before the beginning of the sensing phase.

Wahid et al [17], R-ERP2R is a new routing technique

based on physical distance, residual energy, and link quality for
UWSNs. It calculates the physical distances between sensor
nodes and sink nodes. It uses the physical distance as a
selection parameter for next hop. It considered link quality
to provide reliability and also used residual energy to increase
network lifetime.

III. METHODOLOGY

In this section, we present the system model and the
proposed anycast algorithm.

A. System Model

Our underwater sensor network model consists of a set of
nodes N deployed in a 3D space. In the network, there are two
sets of nodes. The first one is the set of sender (sensor) node
S while the second one is he set of sink nodes K. We assume
that the location of each node, i.e., its (x, y, z) coordinates, is
provided to all nodes. The location information of each node
can be obtained through a localization service [6]. Moreover,
the location information can be distributed through the use of
anchor messages at the initial startup of the network. Finally,
each sender s can have a different transmission range, rs,
based on the receiving sink.

The sender nodes, S = {s1, s2, . . . , sn}, are underwater
nodes deployed in a region of interested in order to monitor
it. Each sender senses its surrounding area (local area) at every
period of time and sends the sensed data directly to the sink
using acoustic one hop communication.

The sink nodes, K = {k1, k2, . . . , km}, are deployed at
the sea surface. They have the ability to communicate with
sender nodes using the acoustic modem to send commands
and receive data, and to communicate with monitoring center
using radio modems to deliver data packets.

As mention previously, each sender has the location of all
nodes in the network. Thus, it can calculate the Euclidean
distance to each sink. These distances are used to make a
decision about which sink it will send its packet. In order
to save power, the sender adjusts its transmission range to
cover the selected sink. Similar to [18], [19], in this model,
we consider the nodes to be stationary (not mobile).

The main challenges of UWSNs include long propagation
delays and low bandwidth due to the speed of sound in water.
An UWSN channel has a low bandwidth and long propagation
delay that is five orders higher than the terrestrial channel [2].
Hence, UWSN transmissions consume more energy compared
to terrestrial communication. Moreover, packets collisions in-
crease energy consumption. Therefore, our goal is to schedule
the transmissions between senders and sinks to minimize
the number of transmissions and avoid collisions, leading to
minimizing energy consumption.

To solve this problem, we propose an algorithm, where each
sender is matched with exactly one sink and it sends its data to
this sink only without using any intermediate node (i.e., single-
hop communication) in order to minimize energy consumption
and avoid collisions. On the other hand, each sink can be
matched with more than one sender. We use pi to denote the
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Fig. 1. Pseudo-code for the proposed algorithm.

capacity of ki, i.e., the maximum number of sender nodes that
can be matched to it. The proposed algorithm is described in
the following subsection.

B. Collision-Free Anycast Transmission Scheduling Algorithm

The “propose and reject” idea of the Gale-Shapely (GS)
algorithm [20] can be used to match each sender with a
sink. The algorithm works as follows. Every sender calculates
the Euclidean distance to each sink and places them in its
“preference list” in descending order in terms of distance.
Also, each sink places the senders in its “preference list” in
ascending order in terms of distance.

The algorithm works in an iterative manner, where, in each
iteration, a sink “proposes” to a sender according to its prefer-
ence list and the sender can either accept or reject the proposal
according to the rules discuss the following paragraphs. Note
that each node can run the algorithm separately based on
the global knowledge it has of the nodes and the resulting
matching is guaranteed to be unique regardless of what happen
in each iteration [21].

In each iteration, the algorithm picks a sink node kj who
has yet to reach its capacity, i.e., it is matched to less than pj
senders. It goes through kj’s preference list and choses the first
sender in the preference list that has been proposed to by kj .
Let this sender be si. If si is free (unmatched), the proposal is
accepted and si is added to senders matched to kj . Otherwise
(i.e., si is currently matched to another sink, say kl), si needs
to choose between kj and kl based on its preference list. If kl
is higher in si’s preference list than kj , the proposal is rejected
and kj is forced to make another proposal to next sender in its
preference list. Otherwise (i.e., si prefers kj over kl), si leaves
its current matching and is added to kj’s matched senders. As
for the kl, its matched senders are decreased by one. So, it has
to make another proposal to next sender in its preference list.
Note that this algorithm terminates when all sinks are matched
to their maximum capacities. Figure 1 shows the pseudo-code
of the proposed algorithm.

As an illustrative example, consider the underwater network
of Figure 2. There are four senders (represented in the figure
as boxes with labels s1, . . . , s4), each trying to transmit its
packets to one of the four available sinks (represented in the
figure as stars with labels k1, . . . , k4). For simplicity, we use

Fig. 2. An UWSN to be used in the illustrative example.

concentric circles to represent the propagation of the packets
of each sender. For this network, if each sender transmits a
single packet starting at the same time, the propagation of
these packets is shown in Table I Where tr1 represents the
transmission of s1. Also, the propagation is represented in the
table using time slots, where ts1 represent the first time slot.

TABLE I
PACKET PROPAGATION FOR THE NETWORK OF FIGURE 2 PROVIDED THAT
ALL TRANSMISSIONS START AT THE SAME TIME. WHEN THE LETTER ‘P’

IS USED FOR A SPECIFIC TIME SLOT, THIS MEANS THAT THE
TRANSMISSION IS PROPAGATING THROUGH THE MEDIUM IN THIS TIME

SLOT WITHOUT BEING RECEIVED BY ANY SINK.

ts1 ts2 ts3 ts4 ts5 ts6
tr1 P k4 P s2 P P
tr2 P k3 s1 P P k4
tr3 P P s4 P P k2
tr4 P P P s3 P k1

The goal is to choose a sink for each transmission to avoid
collisions. The sink selection corresponds to power control.
E.g., for the above example, the sender can control its trans-
mission power in order to determine whether its transmission
ends at k4, k2 or k3. Of course, it takes less power to reach k4.
So, the goal is to select the sink that is as close as possible to
the sender. Similarly, sinks can control their reception power.

For this example, the preference lists of the senders are as
follows.

• s1: k3, k1, k2, k4
• s2: k2, k4, k1, k3
• s3: k1, k3, k2, k4
• s4: k2, k4, k1, k3

On the other hand, the preference lists of the sinks are as
follows.

• k1: s2, s4, s3, s1
• k2: s1, s3, s2, s4
• k3: s2, s4, s3, s1
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• k4: s1, s3, s2, s4
By applying the proposed algorithm on this example, we
obtain the following matching (note that this is a simple
example, where each sender is matched with a single sink).

• s1 with k2.
• s2 with k1.
• s3 with k4.
• s4 with k3.
Now, every matched pair of senders and sinks will adjust

their transmission range and reception range to be equal to
the distance between them. Figure 4. shows senders and sinks
after adjusting its transmission range.

Fig. 3. The UWSN of Figure2 after controlling the transmission and reception
power based on the matching computed by the proposed algorithm.

If all senders oblige with above scheduling algorithm, then
the resulting schedule is stable, which means that there is no
pair of sender and sink who are not matched together, but they
prefer each other over the matching computed by the proposed
algorithm. The proof of this claim is an extension of the proofs
in [21]. This stability property ensures that no single node has
interest in individually deviating from the proposed algorithm.
This is an important aspect of environments where cooperation
is not assumed [22], [23]. Other interesting properties of this
algorithm (that can be proven similar to [21]) is the optimality
of the resulting schedule and the flexibility to deal with cases
where the distances between nodes can be equal.

IV. PERFORMANCE EVALUATION

The main goal of the proposed algorithm is avoid collisions
and optimize the energy consumption in the network. We
perform simple experiments consisting of three scenarios in
order to evaluate the performance of the proposed algorithm
and compare it to a simple and intuitive alternative, which
is based on a greedy scheduling approach. Before discussing
this greedy approach, let us first discuss the simulation envi-
ronment we use.

A. Simulation Environment

We implement the propose algorithm using NS2 Aqua-
Sim [24], which is a packet-level simulator [25]. Aqua-Sim
is specialized for UWSNs and it was developed on the basis
of NS-2. It can effectively simulate acoustic signal attenu-
ation and packet collisions in underwater sensor networks.
Moreover, Aqua-Sim supports 3D deployment. It can easily

TABLE II
SIMULATION PARAMETERS

Parameter Value
Topology size 500m× 500m
Number of nodes 8
simulation time 500s
Packet size 50 bytes
Traffic source CBR
Propagation model UnderwaterPropagation
Data bit rate 10 kbps
Frequency 25 kHz
Initial Energy 10000 joules
Receiving power 0.75 watts
Transmission power 2.0 watts
Packet outgoing interval 1s

be integrated with the existing codes in NS-2. It is in parallel
with the CMU wireless simulation package. The Aqua-Sim
can evolve independently. It is a powerful simulation tool,
with high fidelity and flexibility, for underwater networking
in research.1

We consider the UWSN architecture illustrated in Figure 4.
In our simple simulations, eight nodes are deployed in a
500m×500m region. All the nodes have different transmission
ranges. The simulation time is 500s and the data packets’ size
is 50 bytes. The parameters used in the simulation are given
in Table II. For the other parameters, we use the default values
of Aqua-Sim. We run simulations for each scenario in order
to measure the energy consumption and the collisions.

B. Greedy Scheduling Algorithm

The Greedy scheduling algorithm can be used to match each
sender with a sink in a greedy mentality based on distance.
Similar to the proposed algorithm, in the Greedy algorithm
, the senders make their decisions (about the sinks to which
they will transmit their packets) independently. This is done
as follows. Every sender calculates the Euclidean distance to
each sink and simply matches itself to the nearest sink. This is
akin to a “propose and accept” mentality. Therefore, it could
be one sink attached with more than one sender and another
one doesnt have any sender. When more than one sender
sends packets into the same sink, of course, the probability
of drop packets and collisions will increase and this lead to
retransmissions the packets (increases energy consumption).

C. Simple Scenarios

We performed simple simulations for different scenarios to
evaluate the performance of the proposed algorithm in terms
of energy consumption and collisions. The results show that
the proposed algorithm significantly outperforms the Greedy
scheduling algorithms in terms of energy consumption and
collisions. For the first scenario (see Figure 4), the results of
the proposed algorithm show that the average energy consump-
tion for each node is 45.4955J, the total energy consumption
is 339.964J, and the collision ratio is 1% while for the
Greedy scheduling algorithm, the average energy consumption

1http://obinet.engr.uconn.edu/wiki/index.php/Aqua-Sim
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for each node is 77.0891J, the total energy consumption is
616.713J, and the collision ratio is 80%.

Fig. 4. First scenario with eight nodes.

In Figure 5, a second scenario with nine nodes is shown.
The result of applying the proposed algorithm show that the
average energy consumption for each node is 42.7858J, the
total energy consumption is 385.0727J, and the collision ratio
is 2%, while for the Greedy scheduling algorithm, the average
energy consumption for each node is 73.2343J, the total energy
consumption is 659.109J, and the collision ratio is 71%.

Fig. 5. Second scenario with nine nodes.

In Figure 6, a third scenario with ten nodes is shown.
The results of applying the proposed algorithm show that the
average energy consumption for each node is 49.169J, the
total energy consumption is 491.69J, and the collision ratio is
0%, while, for the Greedy scheduling algorithm, the average
energy consumption for each node is 56.5086J, the total energy
consumption is 565.086J, and the collision ratio is 50%.

D. Large-Scale Scenarios

In the previous section, we consider simple scenarios to
illustrate the advantages of the proposed algorithm. In this
section, we perform another set of experiments to evaluate
the performance of the proposed algorithm under large-scale
scenarios. We consider the same simulation parameters list in
Table II except that we range the number of nodes from 10 to
100. The results of these experiments are shown in Figure 7.
The results show that the proposed algorithm consumes 13.1%
less energy compared with the greedy algorithm. As the
number of nodes increases, the advantage of the proposed

Fig. 6. Third scenario with ten nodes.

algorithm over the greedy one becomes more obvious. For
the largest experiment (with 100 nodes), the energy savings
of using the proposed algorithm reaches 26%.

Fig. 7. The results of the the large-scale scenarios.

V. CONCLUSION

The underwater wireless sensor network suffers from a
long propagation delays, low bandwidth, as well as energy
limitations due to the speed of sound in water. An efficient
strategy is required to cope with this challenges. In this paper,
we proposed UGS algorithm is a location-based algorithm
for underwater wireless sensor networks which minimizes the
energy consumption. It schedules the transmissions between
senders and sinks. Each sender attached with the closer sink
and sends data to this sink only. Also proposed Greedy
Scheduling Approach which matches each sender with a sink
in greedy mentality in terms of distance. We evaluate the
UGS by performing simple experiments using NS2 Aqua-
Sim simulator. Results show that UGS performs significantly
Greedy Scheduling Approach in terms of energy consumption
and collisions.

In the future, we will perform extensive experiments for
long evaluation of UGS and will extend our UGS to multi-
hop underwater wireless sensor networks.
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