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Abstract

We present the new simulation and
visualization todls tailored for 3-dimensional
mobile ad hoc networking (MANET)
research based on ns2 and ram.

. Introduction

Future battlefield networks will consist of
various heterogeneous networking systems
and tiers with disparate capabilities and
characteristics, ranging from ground ad-hoc
mobil e and sensor networks to airborne-rich
sky networks to satellite networks. It is an
enormous challenge to create a suite of
nove  networking technooges that
efficiently glue these disparate systems guch
that the resulting network  offers
unprecedented capacity, flexibility,
conredivity, reliability, and scalability for
meeing even the most chall enging needs of
the future warfighters.

One of the most frequently cited
requirements for future battlefield network
is to reduce required network configuration
tasks at a pre-planning stage to a minimum
so that rapid deployment of new forces or
mission changes can be made quickly and
dynamically. This naturally requires the
entire network to be ad-hoc to the etent
possble. While mobile ad-hoc networking
(MANET) research has received a
considerable attention in recent years, we
note that the majority of them have focused
on singletier (eg., ground) and

homogeneous (e.g., same radio for every
node) MANET. Few have investigated the
potential implications of multi-tier and
heterogeneous natures of MANET on the
design and peformance of MANET
protocols in a systematic manner. For
example, one of the stark differences
between singletier and multi-tier MANET
environments is that the multi-tier MANET
naturally creates “coverage asymmetry” due
to the much larger coverage area by airborne
nods compared to gound nodes.
Consequently, the number of “neighbors’ an
airborne node sees can be potentially several
orders of magnitude larger than that of a
ground noce. Treating this airborne node
same as any gound node will adversely
affed the performance of medium access
control (MAC) and/or routing MANET
protocols. Understanding isaues such as this
that arise from extending singletier
MANET to multi-tier MANET require new
research tools that enable 3-D view of the
network dynamics.

[l 3-D MANET Simulation
and Visualization Tools

While most MANET research has primarily
focused on developing appropriate protocols
for 2-dimensional network topology, the
multi-tier MANET unavoidably involves the
third dmension: space. The primary
example is a battlefield network in which
thousands or even tens of thousands of
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ground nodes are scattered over an
extremely large area (eg., 100 km x 100
km) and therefore rely on airborne nodes
flying over them to seamlessly communicate
with one another. The airborne nodes
themselves may aso form their own
MANET by relaying information such as
video sensor data generated from any one of
them using appropriate MANET routing and
MAC protocols. The current war against
terrorism in Afghanistan serves practical
evidence that the neal for such a large-scale
MANET with multi-tier architedure is a
reality, not a pure imagination.

One of the key hurdles to advancing
MANET techndogies from single-tier, 2-D
topoogy to multi-tier, 3-D topology is the
lack of research tods that support 3-D
simulation and visualization. For example,
the CMU’s Wireless Extension o ns2 and
nam [6] which have been among the most
popuar MANET research tods, lacks 3-D
support. We argue that augmenting the
current  wireless network  simulation
capabilities of ns2 with 3-D feature will spur
a flurry of new research on large-scale
heterogeneous, and multi-tier MANET
systems, architedure, and protocols.
Additional benefit is that the eisting
MANET protocols developed in ns2 so far
can be applied for 3-D environment with
minor modifications.

Another notable movement in recent
MANET research is the use of diredional
antenna & opposed to omni-diredional
antenna. By concentrating its energy to a
particular  direction o its  direct
communicant and suppressing energy from
disspating to unwanted diredion, the node
with drectional antenna can potentially
enjoy several unique benefits such as low
interference, range extension, and low
probability of detedion and interception.
Such potential benefits have led to growing
interest in developing new protocols or
modifying existing protocols to fully realize
these gains with minimum overhead [7-10].
The addition o flexible diredional antenna
support to rs2 and ram will allow MANET
researchers to focus on the core task of
protocol development and performance
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evaluation by relieving them from building
this new support by themselves.

The introduction of the third dimension
and directional antenna to ns2 and ram
requires the following changes: (i) extending
the boundary of the nodes’ space to Z axis,
(i) spedfying the nodes  mobility
trajedories in 3-D instead o 2-D, and (iii)
modifying antenna and propagation dojects
to support diredional beams. The following
descriptions simmarize the changes made to
the ns2 and nam to enable 3-D support.

= Topography/Z: An dbjed that mobile
nodes use to define the boundaries of
their space.

» Topography/Z load geogrid <latl>
<lonl> <altl> <lat2> <lon2> <alt2>
[<res>]: <latl> <lonl> <alt1> specifies
the minimum boundary of the space.
<lat2> <lon2> <at2> gpecifies the
maximum boundary of the space. <res>
is the resolution and defaults to 1 km.
All latitudes and longtudes are in
degrees and altitudes are in kilometers.
Internally, these two points are
converted into Cartesian coordinates and
used to define a box which marks the
boundaries of the mobil e node space.

=  Topography/Z maxx_, maxy_, maxz :
These variables contain the cartesian
boundaries of the topography.

» Smulator namtrace-all-zwireless <file>
<ztopography>: This procedure
provides the simulator with a trace file
hande for dumping nam traces. It aso
writes the first line into the filg
specifying that the trace is for a wireless
simulation and also the scaled (by grid
resolution)  dimensions  of  the
simulation. It is different from
namtrace-all-wirdess because it does
not get dimensions diredly from the
user but obtains them from the
Topography/Z object provided.

»  Smulator node-config -zcoord
(ON/OFF): This option must be



specified when node-config is called. It
tells the Simulator to use the enhanced
3-D nodes rather than the 2-D ones.

= MobileNode/Z  setpos  <latitude>
<longitude> <altitude>: Set the node' s
position. The node position may also be
st using the Cartesian coordinate
variablesX_,Y_, Z .

= MobileNode/Z  setcolor <color>:
<color> specifies the color of the node
(must be called before MobileNode/Z
Setpos)

= MobileNode/Z  setshape  <shape>:
<shape> indicates the shape of the node
in nam. It can becircle, box, or hex.

= MobileNode/Z setdestgeo <latitude>
<longitude> <altitude> <speed>: This
is gmilar to the MobileNode setdest
except there is an dtitude parameter as
well as latitude and longtude. This
function causes the node to move to the
position spedfied at the spead indicated.

* MobileNode/Z setdest <x> <y> <z>
<gpeed>: Sets the destination in
cartesian coordinate system.

=  Smulator Zznitial_node pos <node>
<node size> <resolution>: This
function needs to be called for each o
the nodes you wish to have displayed in
nam. <node> is the node variable itsdlf,
node size is how large you want the
node to appear in nam (e.g. 20).

=  Smulator Zznitial_node pos2 <node>
<node size> <resolution> <cx> <cy>
<cz> <radius>: This function causes
namto daw anoceat it' sinitial position
and daw a circle (meant to refled the
node s pathof movement) at position
(cx,cy,cz) with a particular radius.

There are special considerations for the
newly introduced MobileNode/Z objed.
MobileNode/Z is designed to work with
both large and small distances, from 10
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meters to 100s of kilometers in breadth and
from ground level to arbit in height. It is
designed to interface with 3-D NAM. 3-D
NAM, an extension of origina nam to
display network dynamics, uses data
provided in 3-D format to create a 3-D
environment. To keep nodes and aher
features from being too close together or too
far apart in NAM, MobileNode/Z uses
Topography' s resolution parameter to scale
coordinates. With a default resolution o 1,
distances are in meters.  The resolution can
be any number greater than zero. For
example, if you wish to work in kilometers
you may want to set the resolution to 1000

The following changes have been made
to enable directional antenna support in ns2
and ram:

» MobileNode/Z setbeanmwidth <beam
width>: Sets the beam width used by
BeamAntenna to provide corred signal
power calculationsin WirelessPhy. Not
recommended for very large angles.
Must bein degrees.

= Antenna/BeamAntenna: This antenna
differs from the omni-antennain that it
has adirection o broadcast. Right now
the above function (MobileNode/'Z
setbeamwidth <beam width>) controls
thisobjed’ sbeam width. Inthefuture
the beamwidth with be associated
diredly with the antenna.

»  Propagation/FreeSpace/LightCone;
Thisis aradio propagation model that is
designed to work with airborne nodes
that make use of the BeamAntenna.
Always use this model when using the
beam antenna to get accurate results.

Figure 1 illustrates a snapshat of the 3-D
enhanced nam trace file generated by 3-D
enabled ns2. It shows both directional and
omni-directional beams, 3-D zoom buttons,
cone-shaped diredional beams, and nodks at
various altitudes. Figure 2 shows an
example of 3-D MANET topology created
by 3-D ns2 and ram. It corsists of 3 tiers:
ground nodks (tier 1), 4 low-flying airborne



nodes (tier 2), and a single high-flying node have cone-shaped beams (blue and red)
(tier 3). Both tier 2 and 3airborne nodes fly indicating the ground coverage area of each
according to the circular path. They also airborne noce.

e
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Packet Transmissions on
Omni-Directional Beam

Figure 1 A Snapshot of 3-D Enhanced NAM Produced by 3-D Enabled NS2.

Figure2 An Exampleof 3-D MANET Topology Created by 3-D NS2 and NAM

[ll.  Concluding Remarks

One of the key contributions of our ongadng
research is a new set of toos aimed at further
advancing MANET research based on 3-D
extension o ns2 and nam with drectional support.
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They certainly benefited us in understanding the
dynamics of 3-D network topology and its
impact on protocol performance in such an
environment. We strondy believe that MANET
researchers who would like to focus on protocol
development aspect will grestly appreciate the
value of these todls since they eliminate the need



to build necessary new support on their own.
Extensive simulation study using these tods are
being conducted to quantify the impact of 3-D
network topology and dynamics on overall
network capacity and protocol performance, which
will be puldished elsewhere.
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