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ABSTRACT
Many research areas have benefited from simulations to ac-
quire reliable data before conducting real experiments. In
order to obtain these data, the actual system has to be pre-
cisely modelled and fed with accurate parameters.

Sensor networks can and also have taken advantage from
simulations. For example, they can be very convenient when
planning the development and deployment of an underwater
sensor network.

This paper presents the behaviour of different medium
access techniques by means of simulation and employing ac-
curate models fed with real data. Parameters like energy
consumption and packet delay are measured and the impact
of the transmission speed on the performance of the proto-
cols is studied.

Categories and Subject Descriptors
C.2 [Computer-Communication Networks]: Network
Protocols.

General Terms
Algorithms, Measurement, Performance.

1. INTRODUCTION
Long-term environmental monitoring is one of the many

applications for underwater sensor networks. Simulations
are a very convenient way of testing algorithms and proto-
cols before their actual deployment which is important to
avoid node or even network failures. However, one has to be
certain that the simulation results are as much accurate as
possible.

This paper extends the work done in [2] and aims to give
some insights on which medium access protocol might be
more appropriate to apply on a long-term monitoring ap-
plication. This application is enclosed under a Spanish re-
search project of an unattended monitoring installation in
an offshore fish farming facility.
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The hardware that is going to be employed in this applica-
tion is a low-cost, low-power modem with wake-up capabili-
ties and limited computational resources [6]. This forbids us
from using complex medium access protocols which would
need higher computational power.

In order to carry out this study, a model of the actual
hardware modem for the ns-3 simulator is employed [1].
Moreover, since the simulations accuracy is a major require-
ment, they are performed using the existing Bellhop prop-
agation model for the ns-3 simulator. In addition, Sound
Speed Profile (SSP) and bathymetry data were extracted
from the location where the application is going to be de-
ployed by using the WOSS API [4].

The Medium Access Control (MAC) protocols under study
in this work are MACA [5], FAMA [3] and ALOHA-CS
(ALOHA with Carrier Sensing). Their implementation has
been adapted, when possible, to make use of the wake-up
capabilities.

2. SIMULATION RESULTS
The transmission speed was set to 1000 bps and the mo-

dem consumption parameters are the ones in [6].
An scenario of 100x100 meters was tested with 10, 50 and

100 nodes randomly deployed. Only one sink was placed
at the center of the scenario. Each scenario was simulated
several times in order to achieve a confidence interval of ±1
with a confidence level of 95%. All simulations where seeded
using the number 1330703057 and each repetition was done
advancing the run number. The simulation stop time was
set to 30 minutes.

All traffic was directed to the sink node and was generated
by a Poisson distribution with an average packet inter-arrival
time of 0.6 seconds, which assured that the network was
working under saturation. Each packet was generated by
this function and assigned to a source node using a random
uniform distribution.

In order to obtain the best possible results for each pro-
tocol regardless of the backoff algorithm used, a set of sim-
ulations was performs for each protocol varying the backoff
time from 0.5 seconds to 20 seconds and the best results
in terms of packet delivery ratio are the ones shown in the
following figures.

In what follows the results of the simulations are going
to be introduced for each one of the implemented protocols
using and not using acknowledgements.

2.1 Without acknowledgement
The MACA learn protocol is exactly the same protocol as
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Figure 1: Results without acknowledgement
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Figure 2: Results with acknowledgement

the implemented MACA protocol but waking up every time
a wake-up tone is received even if the packet is not intended
for the node. This way, all nodes can try to learn about
the on going transmissions and avoid collisions. As can be
seen from the results, using this mechanism we don’t achieve
better results due to the higher transmission delay.

Depending on the application requirements, the delay can
be another important factor to be studied. Results in Fig-
ure 1a show that ALOHA-CS has the lowest delay followed
by MACA and FAMA x2.

When taking a look to the power consumption in Fig-
ure 1b, one can see how the wake-up tone use of the MACA
learn highly increases the energy consumption. It can also
be seen how ALOHA-CS has a huge energy consumption
per each correctly received packet and the reduction of the
energy consumption overhead when using FAMA x2 instead
of FAMA.

Focusing on the sink energy consumption as depicted in
Figure 1c, protocols that send a CTS packet back to the
source node have high energy consumption being FAMA x2
the lowest one.

2.2 With acknowledgement
When acknowledgements come into play the higher incre-

ment in packet delay comes with the ALOHA-CS protocol
and on the remaining protocols it is fairly stable and doesn’t
vary when the acknowledgements are introduced, Figure 2a.

Figure 2b shows how the lowest energy consumption is
achieved by FAMA x2 and ALOHA-CS. Regarding the other
protocols MACA learn has the highest energy consumption.

Finally, sink energy consumption per data packet is de-
picted in Figure 2c and as expected, the protocols with-
out the CTS overhead have the lowest energy consumption.
However, since the sink has to transmit an acknowledge-
ment back, the difference between these protocols and the
ones with CTS is reduced. In addition, one can see how
FAMA and FAMA x2 have a stable energy consumption, in-

dependently of the number of nodes, which might be useful
when trying to implement energy-neutral operations at the
sink node.
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