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ABSTRACT
One of the main difficulties when modeling Underwater Wireless 
Sensor Network (UWSN) has to do with the environment 
characteristics and the acoustic signal typically used. As stated in 
other works, the accuracy of the acoustic propagation model and 
the network scenario conditions are critical to obtain reliable 
results. In this work we proposed a simulator framework for 
UWSN modeling. For that purpose we have considered the 
information provided by global databases (temperature, salinity, 
etc.) located within the network. Namely, the bathymetry and 
floor sediment, node depth, wave effect, and other factors may 
affect to the underwater signal propagation behavior. The 
propagation model is calculated using Bellhop ray tracing tool in 
order to get the closest representation to the real behavior of the 
acoustic signal propagation. All these tools are integrated in 
OPNET Modeler. Finally, we have run several experiments in 
different locations testing network performance with a simple 
MAC protocol.   

Categories and Subject Descriptors 
C.2.1 [Network Architecture and Design]; 
I.6.3 [Simulation and Modeling]: Simulation applications;  
I.6.5 [Simulation and Modeling]: Model Development. 

General Terms
Algorithms, Measurement, Performance, Design. 

Keywords
Underwater acoustics, Acoustic channel model, Wireless sensor 
networks, Network simulation, OPNET, MATLAB. 

1. INTRODUCTION 
Terrestrial Wireless Sensor Networks (TWSN) have been 
developed in the last two decades. As a result of this research the 
physical layer has been modeled and a wide range of MAC 
protocols, routing protocols and applications have been worked 
out. But in order to make this possible, standardization and 
simulation tools are needed by the researchers and commercial 
companies to test and validate the algorithms before implementing 
them in real hardware prototypes. 

The most outstanding simulator tools used in terrestrial networks 
are Network Simulator 2 (ns2) [14] and OPNET [9]. In those 
simulators you can find protocol models that are currently used by 
mobile wireless networks as 802.11, UMTS/3G, Zigbee, etc. 
Underwater Wireless Sensor Networks (UWSN) are just arising in 
the world of simulators, so a lot of simulation tools are currently 
available. Most of them partially cover some aspects of the 
network architecture, being difficult to find a complete and 
reliable UWSN simulation tool.  

Many of these simulators are based on terrestrial wireless network 
models reusing many elements from them, other simulators are 
dedicated to model underwater acoustic propagation and are 
available in different programming languages like python, 
fortran90, c/c++, etc. In this work we will gather several 
simulation proposals, analyzing their benefits and drawbacks in 
order to build a new complete and reliable simulation framework, 
that allows the design and performance evaluation of new 
underwater network protocols under a friendly user interface.  

In particular, we are especially motivated to define detailed 
models about the underwater environment (temperature, 
bathymetry, surface activity, etc.) and the acoustic signal behavior 
because the simulation results of particular network architecture 
should be as close as possible to the results that would be obtained 
in a real scenario under similar conditions. This is a great 
challenge, since the acoustic signal modeling in underwater 
scenarios is very complex and depends on many external factors 
like temperature, floor sediment composition, wave activity, 
environmental noise, etc. So, when evaluating MAC, routing or 
higher level protocols in a UWSN, the fact of using different 
underwater signal propagation models may seriously conditioning 
the final simulation results. 

The rest of paper is organized as follows: Section 2 gives an 
overview of related work introducing several simulator tools. 
Section 3 stands an overview of the simulator performance 
describing in detail the steps that have been followed to make an 
integrated simulation tool. Section 4 shows some simulation tests 
to validate the proposed tool. Section 5 presents analysis of some 
of the simulation results, and finally, in Section 6, conclusions and 
future works are commented. 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
Simutools’11, March 21–25, 2011, Barcelona, Spain. 
Copyright 2011 ACM 1-58113-000-0/00/0010…$10.00. 
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As a result of using Aloha protocol, the normalized throughput 
falls as the generation of packets increases. It is appreciable that 
the scenario with less collision is also the one with less 
throughput, this happens because the acoustic signal of sensor 
nodes reach to less neighbors and despite generating the same 
number of packets there fewer packets travelling in the medium 
and thus less overall throughput. For instance, during a single 
simulation the average number of reachable neighbors for Relay 
6 in Valencia scenario is around four, in Hawaii between four 
and three and in Atlantic around two. Nevertheless the important 
point from these graphs is not the behavior of the MAC protocol 
but the difference of using the same MAC protocol with the 
same network parameters in different environment conditions 
and though having different results. 

Now to emphasize the environment effects we choose one single 
scenario and run different simulations with changing conditions. 
We have done simulations for every month of the year and with 
multiple wave shapes (12 months and 5 ocean wave shapes and 
15 traffic loads). In the graph shown in figure 16 we show only 
two months (January and August) and each one with and 
without wave effect to highlight both characteristics and their 
influence. The shape of the ocean waves in the scenarios that 
include this effect are 2 meters height and 80 meters length. 

From figure 16 we can draw that there is a small throughput 
difference between the simulations of January and August 
without the wave effect. There is also a slightly higher variation 
in the results when comparing the normal August scenario 
against the same month with waves, but the waves in winter 
season have a considerable impact on overall network 
throughput, reducing it up to 50%. So, we can conclude that in 
this particular case of shallow water scenario where the 
temperature variation is greater than in deeper scenarios (see 
Figure 2), the effect of the season is appreciable and its 
combination with the ocean waves can change completely the 
network performance. 

6. CONCLUSIONS 
We have presented a powerful simulator tool to model 
underwater wireless sensor network scenarios all around the 
world. It is composed by well-known tools like OPNET network 
simulator, MATLAB and the Bellhop ray tracing tool. In 
addition, ocean databases were used to proper modeling the 
environmental scenario characteristics of a specific world 
location. The results of Bellhop propagation model has been 
tested and validated in real scenarios and the code is freely 
available as well as the protocols and databases used in this 
proposal. Simply using the simulator to place the network it will 
automatically generate the whole scenario, extracting from the 
databases the necessary information to build the environment 
conditions as well as the wave pattern. The interface can be used 
by non-developer users, being ease of use and fully 
configurable; this is an advantage over other proposals where in 
order to run a simulation there is a need to introduce the 
simulator and its implementation to the users. 

Although the simulator is enough accurate with the acoustic 
signal behavior, it is necessary to achieve a trade-off between 
accuracy and simulation complexity in order to find out the 
desired balance. This is one of the mayor challenges for future 
work and next simulator improvements. Reducing the simulation 
times will let us perform large scenario simulations in 
reasonable times and, increasing the simulator scalability. 

As previously remarked, the importance of testing new protocols 
proposals not only in ideal conditions but also when the physical 
parameters have a great impact on the performance is an 
essential point to validate our proposals in scenarios very close 
to real ones. 
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