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1. INTRODUCTION

Underwater acoustic networks have the potential to supgort
wide variety of applications from facilitating communiiat be-
tween autonomous underwater vehicles to supporting theteem
monitoring of underwater mining equipment or environméeoadta-
ditions [1]. Even though underwater acoustics has beerestudr
many years, and communications technologies exist forrwater
scenarios, interest on networking and protocol designimehvi-
ronment is just beginning. As such, there is currently nadzad
underwater simulation module for any of the major network-si
ulators. To accurately model underwater communicatioannkl,
propagation, and interface models are required.

Since the underwater environment is different from itsastmial
counterpart [1, 7], itis likely that existing wireless madelsi cannot
be easily reused, and specific underwater extensions wikbded.
The underwater environment differs from the terrestridlaanvi-
ronment both in terms of its modem energy costs, and in tefms o
the channel propagation phenomena. The underwater channel
characterized by long propagation times and frequencyutignt
attenuation that is highly affected by the distance betwegles [7]
as well as by the link orientation.

The main contribution of this work is an underwater propaga-
tion, channel, and interface model for the widely-used ret®ark
simulator [5]. In this abstract, we give a brief descriptiohits
functionality and refer the reader to [3]. A challenge inlding
such a model lies in the fact that many of the features of tlaech
nel, such as bandwidth, depend on the distance between the tw
nodes and the orientation of the link. However, in ns2, thedba
width is usually assumed to be fixed and used by layers higlaer t
the propagation and channel model. Therefore, in undensate
narios, bandwidth information has to be calculated andmetito
the upper layers of the simulator, which is not the case fberot
radio models. The ns2 simulator divides the layers belowAE
layer into four components: Propagation, Channel, Phiysical
Modulation. We provide modules for each layer, allowingtpool
developers to concentrate efforts on the higher layers efnit-
work protocol stack.
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2. NS2 UNDERWATER MODEL

The ns2 simulator divides the channel and physical layec-fun
tions and characteristics into four components: Propaga@han-
nel, Physical, and Modulation. Figure 1 depicts this diisihigh-
lighting the characteristics within each component. Initaid to
distance-dependent attenuation, in underwater chanmelsignal
fading is also affected by the orientation of the link. Theature
is also modeled in the propagation component. The chaisiiter
exported to other components of the ns2 model include thmical
lation of the received signal strength and the interferenoge of
a signal. The primary function of the channel model is to tand
propagation delay calculations and to make use of the fomsti
from the propagation model. The physical layer tracks gneog-
sumption metrics and also calculates the transmissiorstirba-
like in radio models, where the bandwidth is assumed to bstean
regardless of the transmitter-receiver distance and fitver@o in-
formation for other layers is required, in an underwatemvoek
the link bandwidth does depend on the link length, and tloeeef
bandwidth information from the propagation layer of ns2 trhes
exposed to other components. Finally, the physical modk e
modulation model to calculate bit error probabilities giva re-
ceived signal strength, and level of noise.

2.1 Underwater Propagation M odel

In ns2, the Propagation model is responsible for calcidattie
signal strength at the receiver after attenuation is takireiccount.
It also calculates the interference range of a signal.

To use the underwater propagation model, it is only necessar
choose it in the TCL simulation script using the name “Pr@pag
tion/Underwater”.

The propagation model is used by the channel model to make
collision and transmission error decisions; thereforejoés not
need to calculate propagation delay or bandwidth. Thesgituns
exist in the channel model, which is described in detail m fibl-
lowing subsection.

2.2 Underwater Channel M odé

The channel model in ns2 maintains the node lists used to cal-
culate neighbor sets, collisions, etc. It is additionadgponsible
for calculating propagation delays. Essentially, the ptatdayer
calls asendUp function with a packet and a pointer to itself, and
the channel model calculates neighbors that may be affbgtéte
transmission as well as propagation delays and returnsnois
mation. Details on the exact functionality of the ns2 sintmi@an
be found on the official website [5]. Aside from calling thepap-
priate propagation model functions, suchgatDist, the ns2 chan-
nel model has to implement the propagation delay model als wel
which is somewhat complex due to the dependency of the speed
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Figure 1. Thens2 channel and physical layer model

of sound on the depth of the water. In addition to the deptinén t
water, the propagation speed also depends on the tempecdtur
the water, which in turn depends on the depth through a maadi
relationship. There are roughly five zones in which the tempe
ture change in the oceans can be linearly approximated 9$éar [
details).

To use the underwater channel model, it is only necessargeto u
the name “Channel/UnderwaterChannel” in the TCL scripter€h
is only one bound variable to set in the channel model, the-sal
ity value for the water used in the propagation delay catmia
This value defaults to the average salinity in the world'sarts
(35 parts-per-million) [6] and can be set to some other vatug,(
32 ppm) as follows:

Channel/Underwater Channel set salinity 32

The physical layer model uses information from both the aean
model and the propagation model to calculate transmisgioest
total delays, and the success or failure of packet receptidre
physical model is described in detail in the following sudigm.

2.3 Underwater Physical Layer Model

In ns2, the physical layer model calculates the final stesistsed
in the simulation with respect to packet reception, inahgdbacket
error, transmission time, and propagation delay. For mbdtase
calculations, calls are made to functions in the channelpaopa-
gation models. Additionally, information about energy tscagsso-
ciated with the physical interface are stored and used tulze
residual battery charge and transmission energy costse&Ve hll
the specific parameters of interface energy consumptioroasd
variables to be set by the user, since they depend on thefispeci
hardware being modeled. Additionally, the receive sigtargth
threshold and the maximum transmit power levels are interépe-
cific and are set through bound variables. The default sepg-of
rameters for the maximum transmit power, receive threstaid
the interface energy consumption parameters are set tolrirmle
WHOI micromodem [2]. Also included is the parameters set to
model the Teledyne-Benthos modem [8].

To use the underwater physical model, it is only necessary to
use the name “Phy/UnderwaterPhy” in the simulation scrif.
set the maximum transmit power and the receive threshddhee
variablesPt _andPr_ respectively, both in dB rgPa.

2.4 Underwater Modulation M odel

The modulation layer model relates the signal-to-noisie eatd
interference to packet errors according to the modulatahrese
used.

3. CONCLUSIONSAND FUTURE
DIRECTIONS

The drive to design and test protocols for the underwatensco
tic environment is growing steadily due to the desire to rwni
and explore the world’s oceans. However, no standard madel i
available for researchers to use in the simulation phasdeif t
work. In this abstract, we have presented the design anceimpl
mentation of our underwater acoustic model for the ns2 ngtwo
simulator. Our model has four components: propagatiomieéia
physical, and modulation. We have described the criticattion-
alities of each of these layers (for a complete descriptem[8]).
The ns2 model can be downloaded on the DEI SIGNET group web-
site: http://www.dei.unipd.it/ricerca/signet/tools/underwater.

We used the ns2 model in the design of a routing algorithm [4]
that attempts to choose the optimal hop lengths as packetsuted
through a multihop underwater network. The analysis of pinis
tocol strongly depended on the bandwidth—distance reisiiip, as
well as an understanding of the interference due to otheesod
the network and of the propagation delays. In addition toube
of the ns2 simulator, we used an implementation of the unalerw
ter channel previously developed in Matlab that, while dblac-
curately represent propagation and physical layer issaisd to
incorporate protocol issues such as collisions and makégicess
interference. The most significant point when comparingriie
sults from the two simulators was that the energy savingstodue
the use of shorter hop distances was significantly underastd



by the Matlab simulator compared to the ns2 results, duedo th
absence of collisions and interference in the former. Upimger
control to reduce the transmission range also decreasegénfer-
ence range. Without the entire model in the ns2 network sitoul
our conclusions about the protocol performance would haenb
off by as much ag80%. This example result shows the usefulness
of the ns2 model presented.

Work towards accurate modeling of the complex fading and mul
tipath effects in the underwater acoustic environment doatind
out the simulation model. Current best practices use raynga
however, such techniques are often too computationallypbem
for inclusion in network simulators such as ns2. Therefapprox-
imations are needed to support PHY and MAC layer protocatidev
opment that takes into account these characteristics afdbestic
channel. More complex modulation schemes could be added to a
low more realistic simulation of error tolerance in the ahelnas
well as the true available bit-rates given the bandwidthdifidn-
ally, models of additional acoustic modems could be inalutie
facilitate energy consumption analysis for energy-awargogol
design.

Finally, a full protocol stack, including MAC, routing, atichns-
port layers, is required to round out the ns2 underwater Igitioum
suite. However, research in designing protocols for eadhede
layers is just beginning. We believe that the existence rofik-
tion tools for underwater networks that properly captueedbsen-
tial behavior of acoustic propagation in the water will gz a

valuable instrument for protocol design and evaluations!, il
greatly help promoting research in this area.
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