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0 Build tactical networks using ad hoc networking
- Network nodes consist of users that have radios

- These radios automatically self form into a network
- These networks adapt to mobility

0 Our focus is on protocols that
Allow users operational flexibility

Exploit physical layer techniques to provide capacity

Enable users to control the use of their resources for operational
benefits

Are easy for users to understand

Build the first tactical mile
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0 Favor the wireline view

- Access mechanisms attempt to create links
- Routing protocols try to track links to understand topology
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0 Favors the wireless view

- Access mechanisms attempt to create the cellular geometry
which enables exploitation of cellular technologies

- Routing protocols track nodes to understand topology
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The mechanisms to
create the network
geometry and to track
nodes are comparatively
efficient and enable
many benefits

Results in a greater
density of links that
can be used
simultaneously
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. Synchronous collision resolution (SCR) |
MAC protocol

Protocol Data Unit
CR
Signaling .
Transmission Slot

» Characteristics ,
— Time-slotted channel Propagation map —* (2, 255, 30, 2.5, 120, 2, 140, 2.5, 255, 100, 7, 0)

— Nodes with packets to send contend in « Characteristics
every slot — Uses node location and

— Signaling is used to arbitrate propagation maps to infer links
contentions — States may be any relevant

— Packet transmissions occur information about nodes
simultaneously * Provides a single information

distribution mechanism for all

» Features include QoS, energy networking functions

conservation, and exploitation of
specialized physical layers




128[4/8§9606

MITRE
: % Technology
Propagation Maps S

PROBLEM: Solve for vectors of minimum length, which accurately
predict connectivity to each node in the network

A constraint considered in this optimization problem is the
goodness of fit between the path loss measurements and the
propagation map’s corresponding path loss for the sample points

Example Map and notation

neg ¢ n gn g ¢ n g ¢ n
[2 255 69 4.5 100 3.1 255 100 2.7 255 110 4.7 0]

© 2004 The MITRE Corporation. All rights reserved.
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Min 3) f+2) d;-1 (length of propagation vector)

Subject to:

(Zij —Ziym)(l—cij): 0 i j #180 (to indicate exponent deviations between latitudinally adjacent elements in Z)

(Zcijj(l— fj):O Vi, j %180, fg =1 (to count number of phi deviations in Z)

f, (Zi'j —Zim)(l—dij): 0 wvwix255j (tocountnumber of theta deviations in Z)

Zi" <Z;<zy™ Vi) (each n value in Z must adhere to window constraints)
.
Zk:(e” % ) <G (average deviation in n from sample points must be less than G)
- <
& —& =Y;~Z; Vilek (to remove absolute value)
g6, 20 Vijek (to remove absolute value)

f,c,d. >0 Vi, j

Jr i M

© 2004 The MITRE Corporation. All rights reserved.
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Algorithms Developed to Solve this Optimization Problem

Solving for the exact formulation may take too long in a real network scenario
so more efficient algorithms are developed and tested

NLP: Minimize length of vector such that goodness of fit is also considered as
well as connectivity.

IP: Minimize length of vector such that connectivity is properly predicted at all
sample measurement points.

Two-phase cut (GA/LP). At each iteration cut a subset of the vector
(containing no more than one n), solve for the remaining n, , values in the
vector that minimize goodness of fit. Before each cut is made an LP is
solved to smooth the n values in the vector and the subset containing the n
with the smallest deviation to adjacent n is cut. Proceed with reducing vector
until connectivity constraint cannot be achieved.

Fast map (GA): Start with a vector of form [n, 0]. Using GA, solve for the best
vector at the current length. If connectivity constraint cannot be achieved
then increase the length of the vector. Continue until acceptable goodness
of fit can be achieved.

Constraint Based — Simply iterate through all possible n theta and phi values at
each length, starting at length 3, until a combination is found that satisfies
constraints on connectivity and goodness of fit. © 2004 The MITRE Corporation. Al rights reserve.
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0 Single Hop Propagation Map Evaluation Tool (SHOPMET) is
used to study the effectiveness of the proposed algorithms.

0 SHOPMET simulates the collection of path loss measurements
and generation of propagation maps for a single node within a
MANET scenario

0 Itis developed in MATLAB and interfaces with DLL libraries
(used in OPNET) for network data management support.

© 2004 The MITRE Corporation. All rights reserved.
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