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Abstract 
 
Recently there have been many proposals for 
Underwater Wireless Network Simulators. Here 
we present a simulator proposal integrating the 
latest discoveries and research. This work includes 
the information of the location where network is 
located (temperature, salinity, etc.) which impacts 
on sound speed profile changing its value; and 
also the bathymetry and the floor sediment, in 
addition to depth, wave effect, etc. To perform the 
simulator these whole information provided by 
global databases is processed using Bellhop ray 
tracing tool, all integrated to build a simulation 
framework based on OPNET Modeler. 

1. Introduction 

Terrestrial Wireless Sensor Networks 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 for 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 and 
3 (NS) [1] and OPNET [2]. 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 
Networks are just beginning to born in the world 
of simulators and that is the reason that today 
there are many proposals but no one is complete. 
Many of these simulators are based on terrestrial 

network models reusing many elements in 
common, other simulators are specific underwater 
acoustic programmed in python, c/c++, etc. Even 
though there is not a definitive proposal, 
interesting options have been recently presented, 
for instance the WOSS, from Guerra, Casiri and 
Zorzi [3][4], claims to be a global simulator. 

This paper is organized as follows: Section 2 
gives an overview of the related work introducing 
simulators tools. Section 3 stands an overview of 
the simulator performance. Section 4 describes in 
detailed the steps that have been followed to make 
an integrated tool, the use of World Databases in 
OPNET through MATLAB [5], the creation of 
environmental files, and the execution of Bellhop 
Ray. In Section 5 it shows the MAC protocols 
used in the model. In section 5 present some of the 
simulation test results. Finally in Section 6 
conclusion and future work are commented. 

2. Related xork 

Although we can find a lot of simulation tools for 
Underwater Networks, we have chosen three of 
them that we consider the most representative and 
that have their code is available. 

2.1. A‘VNetSim 

AUVNetSim [6] is an example of simulator 
exclusively programmed in python for underwater 
wireless networks. Highlights in this simulator are 
MAC layer with DACAP protocol [7] and routing 
algorithm Focus Beam Routing (FBR) [8] 
including power control. But the physical layer is 
too simple, and so different environment 
conditions cannot be detailed. 



  
 
2.2. ~ie and {ibson Simulator 

Base on the Monterrey Miami Parabolic Equation 
(MMPE) [9] a propagation model is presented and 
implemented in OPNET for the physical layer. 
Aloha and CSMA protocols for the MAC layer. 
This simulator stands out because its describes the 
physical layer with a great detailed being possible 
to define a scenario considering more 
environmental parameters like the effect of the 
waves, and the depth of nodes. The drawback of 
this model is that before doing network 
simulations several propagation model parameters 
need to be computed being this process high time-
consuming. Also, the model only works on static 
scenarios with static conditions across the 
simulation period. 

2.3. xorld Ocean Simulator System 

The World Ocean Simulator System (WOSS) 
[3][4] seems to be one of latest and most complete 
simulator tools at the moment. It is implemented 
in the Network Simulator 2 package. It uses world 
databases that measure the sound speed profile 
(SSP), bathymetry and floor sediment such as the 
General Bathymetric Chart of the Oceans 
(GEBCO) and National Oceanic and Atmospheric 
Administration (NOAA). Combining this data 
with the scenario information like the latitude, 
longitude and depth position of the nodes, it 
creates environmental files that describe the 
scenario. With this information the Bellhop Ray 
tracing tool [10] is called giving as a result several 
files with the information of amplitude, travel 
times, ray coordinates and the acoustic pressure 
map.  

3. Simulator Proposal 

Base on our previous work on OPNET [11] we 
will develop a propagation model suitable for 
acoustic networks and taking into account the 
state of art trying to get the best from each of the 
proposals. The objective is to create a simulator 
able to perform simulations in scenarios located 
anywhere in the world. So, the obtained results 
will be in accordance to the local environmental 
conditions and will be closer to the ones measured 
in the real world. The purpose is to pick the world 
information from databases combine with OPNET 

scenario information creating the environmental 
files. With these files OPNET connects to 
MATLAB through its interface and runs Bellhop 
ray tracing tool obtaining the result files as it can 
be seen in Figure 1. 
 

 
Figure 1. Simulator Summary 

In the following section the implementation of the 
simulator is described in detailed. 

4. Propagation Modeling 

As shown in Figure 1 there are three steps to 
complete the process, obtaining the information 
from the databases, creating the environment file, 
execute the Bellhop to get the result.  

4.1. xorld Databases 

Three world databases are used to model the 
environment files: 

 
� Bathymetry [12]: Is provided by the GEBCO. 

A file containing the world bathymetry data in 
a global 30 arc-second grid released in 
January 2009 and updated in November 2009. 
This information will be use either for the 
bottom scenario relief as well as for the sound 
speed profile generation. 
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