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Acoustic Propagation

MAJ
Outing
and

For
1
cadet(s)

Title:
Modeling Sound Propagation through Various Media

The U.S. Army is very interested in the use of acoustic sensor systems for the surveillance, detection, identification, 

classification, and tracking of sound-emitting targets on the battlefield.  Parabolic equation techniques have proven to 

be very useful for solving ocean acoustics problems.  This project will explore the use of parabolic equation methods to 

model the propagation of sound waves through various media.

Applied Statistics

CPT
McCulloh
and
LTC Smith

For
1
cadet(s)

Title:
Improve Biological Detection

Apply methods of statistical process control to detecting increases in potentially harmful biological particles in the air.  

Reduce the false alarm rate of biological detectors by increasing the power of the detector.
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Applied Statistics

CPT
McCulloh
and
LTC Sturdivant

For
1
cadet(s)

Title:
Modelling Chemical Agent Persistency

Attempt to model the persistency of chemical warfare agents using correlated data analysis.  Students will become 

proficient in SAS.  Topics may also include multiple regression, logistic regression, GLM, and time series.

Control Theory

COL
Myers
and
Dr. Peter Plostins, ARL

For
2
cadet(s)

Title:
Control of Projectiles via On-Board Sensor Suite -- w/ARL

The Army now has on-chip sensor suites that report up to 6 pieces of navigational data.  Every projectile will soon be 

equipped with this chip.  This project will help develop the automatic controls which will use this data to make in-flight 

corrections to the projectile flight.  This is hot; ARL seeks help, sees both short term and long term potential in this 

project, and sees portions that are very accessible to cadets.  Work will begin in AIADs in Summer 2005.
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Cryptography

Prof
Winkel
and

For
2
cadet(s)

Title:
Cryptanalysis of CryptoSystems

We shall attack CryptoSystems to see just what it takes, mathematically, to bust them. These may include simple 

substitutions, polyalphabetic ciphers, matrix ciphers, linear congruential generator ciphers, rotor ciphers, shift register 

ciphers, public key systems, and more. We will use our brain, some pencil and paper, and Mathematica as the tools for 

our analysis

Differential Equations

Prof
Winkel
and

For
2
cadet(s)

Title:
Building/Finding rich Differential Equation Models

Search for Interesting Differential Equation Models and Enriching Them and Us - We search for phenomena (in 

engineering, ecology, economics, language, etc.) that could be modeled by differential equations. Examples might 

include optimal control of queen production in insect colonies, design of electronic filter circuits, glottochronology, 

stochastic processes, etc.  We study the phenomena, the differential equations models, and the resulting solutions - 

being aware of sensitivity to parameters. Mathematica will be the tool we use.  We attempt to modify or append the 

models to add something of our own and study the consequences. We study attempts to determine parameters in the 

differential equation models if we were given data, i.e. can we verify the differential equations from data?  We write up 

our studies in units that are usable for instruction.
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Differential Equations

Dr
DeCoste
and

For
2
cadet(s)

Title:
Symmetry methods for differential equations

Symmetry is used to study and solve differential equations.  We will discuss the broader mathematical notion of 

symmetry and notice that it is all around us.  Then we will consider what a symmetry of a differential equation is and 

determine how they help us solve equations.  We will use available computer programs which will aid us in finding 

symmetries.  Classification of differential equations based on symmetries will be one goal of the project with 

applications to the equations used by scientists at the Natick Soldier Research Center.

Differential Equations

Fr
Costa
and
LTC Wilmer

For
2
cadet(s)

Title:
Polynomial Solutions to Generalized Classical Differential Equations

In this project, infinite series techniques are used to solve certain differential equations.  By analyzing certain 

parameters, one can determine whether polynomial solutions exist.
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Differential Equations

COL
Myers
and
CPT Jesse Easter

For
2
cadet(s)

Title:
Evasive Flight Patterns

Evasive Flight Patterns:  What are good evasion strategies for one object being pursued by another?  Can the pursued 

measure the pursuers sampling rate and use that information to his/her advantage?  These project extends simulations 

and ideas developed by previous studies.

Discrete Mathematics

MAJ
Easter
and
COL J. Myers

For
1
cadet(s)

Title:
Chase and Evasion: Better Strategies for Unmanned Objects

This problem explores strategies for autonomous objects (like guided missiles) to chase another object, and for 

autonomous objects (such as UAVs) to evade an object that is chasing them. Very little programming skills required.
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Geometry

Prof
Winkel
and

For
2
cadet(s)

Title:
Exploring BiPolar Functions 

Patterns in Bipolar Plots - Because bipolar plots are a relatively uncommon area of study in mathematics, most 

research and study will be self-directed. After creating parametric equations for the coordinates of intersection points of 

lines through the two poles, Mathematica graphs and animations of the plots will be used to make hypotheses about the 

plots. Proving these hypotheses will require the use of algebraic and trigonometric identities. Once the basic properties 

of the plots have been proven, we will explore the ideas of mapping asymptotes onto a sphere and possibly creating 

slope fields.

Mathematical Modeling

MAJ
McClung
and

For
2
cadet(s)

Title:
Modeling an Analyst

As information gathering and searching techniques are automated the desire to run simulations of the information 

processing cycle is increasing. However, a gap remains in our ability to simulate the full cycle, modeling the human 

analyst. This MA491 offering will explore the combination of artificial intelligence techniques with traditional operations 

research methods to develop a model to represent the human analyst in a closed-loop simulation. 
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Operations Research -- Ill-Formed 

COL
Henderson
and

For
2
cadet(s)

Title:
Creating a means to compare contract requirements for the Director of the Army Staff

The Director of the Army Staff manages a number of contracts designed to support the Army staff.  Contracts range 

from Strategic Communications (advertising) to training incoming staff officers in the Pentagon.  The Vice Director of 

the Army Staff is the integrator of these contracts and requires a means to compare requirements prior to letting multiple

 contracts.  The cadet team will work directly with USMA faculty as well as members of the Army Staff to develop a 

means to compare and deconflict current and future contracts.  Desired product/process should be able to be 

implemented using Excel or Access.  

Operations Research -- Ill-Formed 

COL
Henderson
and

For
2
cadet(s)

Title:
Create a means to maintain visibility on current contracts in the Army Staff

The Director of the Army Staff manages a number of contracts designed to support the Army staff. Contracts range from

 Strategic Communications (advertising) to training incoming staff officers in the Pentagon. The Vice Director of the 

Army Staff is the integrator of these contracts and requires a means to track and manage these contracts.  The Cadet 

team will develope a means to manage contracts using current ORSA techniques and implement using MS Project or 

similar off the shelf software
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Operations Research -- Ill-Formed 

COL
Henderson
and

For
2
cadet(s)

Title:
Capacity analysis for Army Base Realignment and Closure

The Army Staff devoted significant effort to analysing contributions of Army facilities leading up to the 2005 base 

realignmnent and closure (BRAC) recommendation.  In an effort to conduct more effective analysis in the future, the 

Army BRAC Team would like to review portions of their analysis and evaluate the metrics used for quantifying capacity 

of facilities.  The cadet team will work directly with USMA faculty as well as members of the Army BRAC Team to review

 the BRAC analysis and make recommendations for change. Desired product/process should be able to be 

implemented using Excel or Access.  

Optimization

CPT
McCulloh
and

For
2
cadet(s)

Title:
Sensitive Equipment Decontamination

DOD has developed 3 new technologies for decontaminating sensitive electronics.  Which of these technologies should 

be incorporated into the current doctrine for decontamination and how?  Topics include discrete event simulation, 

design of experiments, and response surface optimization.
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Probability Theory

CPT
Retchless
and
LTC Kobylski

For
2
cadet(s)

Title:
Turning Qualitative Data into Quantitative Data in order to Model Military Decision Making

In the Future Combat System (FCS) leaders will have a plethora of information available that will come from many 

sources.  Given this overabundance of information, their dilemma will be to find optimal decisions throughout mission 

duration.  Our research that is being funded by DARPA uses Dynamic Decision Networks (DDNs) to model military 

decision making.  DDNs can easily be applied to the decision making process within the FCS to address various 

scenarios that change rapidly.  The ultimate results of the models are recommended optimal alternatives.

For example, in determining whether to fire at a target, a gunner may have to consider many different reports on the 

targets such as whether it is friend or foe, a tracked or wheeled vehicle, moving or stationary, and the distance the target

 is from friendly units.  The DDN would evaluate the decision alternatives based on the gunner’s objectives such as 

accomplishing the mission, having sufficient ammunition for future missions, and minimizing friendly casualties.  

In order for DDNs to be effective, the DDN models must be populated with realistic probability distributions.  In this 

project, the cadet(s) could research and develop prototype approaches for turning qualitative data about relationships 

between events into quantitative conditional probability tables. Ideally we would like to build tools to enable the users of 

Probability Theory

CPT
Retchless
and
LTC Kobylski

For
2
cadet(s)

Title:
Sensitivity Analysis in the structure of Dynamic Decision Networks

Please see "Turning Qualitative Data into Quantitative Data in order to Model Military Decision Making" for background 

on this project.

This project would involve running some simulations (perhaps Excel based) on various components in the structure of 

DDNs.  The components would include the structure, number of states, probability distributions.  The idea would be to 

measure how much the final result changes for a given scenario. 
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Probability Theory

CPT
Retchless
and
LTC Kobylski

For
2
cadet(s)

Title:
Investigating the Useful of Dynamic Decision Networks Under Various Conditions

Please see "Turning Qualitative Data into Quantitative Data in order to Model Military Decision Making" for background 

on this project.

DDNs have recently been shown by this author to be a very good approximation of dynamic programming (DP), the 

“gold standard” in decision making optimization.  Unfortunately, DP is highly intractable and inefficient for even the 

simplest of decision problems and thus is not a realistic decision tool for use in military decision making.  

One of the decisions that a DDN could model is what information to collect.  A good example of this might be whether or

 not to send out reconnaissance assets.  Such a decision could have many implications, positive and negative.  These 

implications are investigated by conducting a sensitivity analysis.  This will result in probability distributions that 

represent how well the DDN approximates DP when this type of decision is made.

Quantum Computation

Dr
Moseley
and

For
1
cadet(s)

Title:
Quantum computation and quantum information

Cadets will learn the basics of quantum computation.  Possible topics for a project include but are not limited to:  (1) 

simulation of a quantum computer gate/circuit;  (2) conceptual design of a quantum communications channel;  (3) Shor's 

algorithm for factoring integers.  The text _Quantum Computation and Quantum Information_ by Nielsen and Chuang will 

be required reading. 
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Sabermetrics

LTC
Huber
and

For
1
cadet(s)

Title:
Modeling Rare Events as Poisson Processes

Rare baseball incidents, such as pitching a no-hitter, turning a triple play, or hitting for the cycle, offer excellent examples 

of data sets that might be modeled by the Exponential Distribution.  In this project, I hope to model more rare events, 

dealing with hitting, by converting games to inter-arrival times and capturing occurrences, and then conducted goodness

 of fit tests, using both the Chi-Squared and Anderson-Darling tests.

Sabermetrics

Fr
Costa
and
LTC Mike Huber

For
2
cadet(s)

Title:
A New Look at Baseball Statistics

Sabermetrics is the "search for objective knowledge about baseball", derived from the acronym "SABR" - the Society 

for American Baseball Research (est. 1971). This research topic will require a knowledge of statistics, modeling and an 

appreciation of the National Pastime. 
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Sabermetrics

LTC
Sturdivant
and

For
2
cadet(s)

Title:
Classification Methods for Predicting Sporting Outcomes

Various classification methods are available for binary outcomes (as an example, the logistic classifier).  In this project 

we will pick a sport and test how several methods perform in predicting winners.  The student(s) will select the sport and 

gather the data as well as learn about and apply each classification method.

Signal Processing

Dr
Henderson
and

For
2
cadet(s)

Title:
Miscellaneous Topics in Signal Processing

Signal processing is used in virtually all facets of technology today.  Several applications of signal processing include 

digital compression, filtering, and watermarking and steganography (among others).  For a more detailed description of 

example topics, visit<br><br>

<a href="http://www.tlhiv.com/topics">http://www.tlhiv.com/topics</a>.<br><br>

This project is designed to assist <font color=red>ONE</font> or <font color=red>TWO</font> cadets in grasping the 

fundamentals of signal processing (e.g. Fourier analysis).  After these fundamentals are established, cadet(s) will begin 

to work on a project of their choosing.  The project can consist of any or all of the topics listed on the page above or even

 those not listed.<br><br>

Specific questions about the project should be directed (via email) to <a 

href="javascript:document.location.href='\x6d\x61\x69\x6c\x74\x6f\x3a\x54\x72\x6f\x79\x2e\x48\x65\x6e\x64\x65\x72\x73\

x6f\x6e\x40\x75\x73\x6d\x61\x2e\x65\x64\x75'"><img src="http://www.tlhiv.com/images/email_1.jpg" border=0 alt="Troy 
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Simulation Analysis

COL
Myers
and

For
2
cadet(s)

Title:
Test and Verification of Joint Airspace Simulation Model Software

The Joint Staff's project office for the Single integrated Air Picture (SIAP) has developed a Matlab simulation that 

integrates the airspace picture from a wide variety of different observing platforms into a single picture of the airspace 

that can in turn be pushed to all observers.  This project involves developing a variety of air scenarios and then testing 

the software on them and doing analysis and giving feedback to the project office on the performance of the software.

Simulation Analysis

MAJ
Baird
and

For
2
cadet(s)

Title:
MEPCOM Space Allocation Model

How does one figure out how much space a Military Entrance Processing Station (MEPS) needs in order to be able to 

operate?  With the use of simulation, properly designed experiments and regression modeling, the answer can be 

found.  This is a relevant problem that the USMEPCOM Commander is very interested in solving.  This is a great 

opportunity to make a direct impact on current Army operations.  A perfect choice for the MEPCOM AIAD folks!
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Simulation Analysis

LTC
Sturdivant
and
Dr. DeRosset

For
2
cadet(s)

Title:
Investigation of Multiple Hits on Light Armor

Investigation via simulation (by improving an existing program) the performance of various armor plate options.  The 

simulation models a weapon fired at a section of plates and computes the probability of penetration.  Armor plates are 

configured in various ways to examine how best to reduce the vulnerability induced by seasm between plates.

Stochastic Processes

LTC
Huber
and
LTC Glen

For
2
cadet(s)

Title:
Predicting Rare Events in the Intelligence Community

We have had some success modeling rare baseball events as Poisson processes with the exponential distribution.  We

 would now like to predict rare events in other realms, particularly with applications to intelligence events.  We will 

categorize events into classes and model the inter-arrival times of events in each class, fitting an appropriate 

distribution and then conducting goodness of fit tests.  We will also try to determine if a weighting scheme for various 

classes of events is approrpiate.
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System Dynamics

COL
Henderson
and

For
2
cadet(s)

Title:
Create a more efficient contract management process for the Army Staff

The Director of the Army Staff manages a number of contracts designed to support the Army staff. Contracts range from

 Strategic Communications (advertising) to training incoming staff officers in the Pentagon.  The Vice Director of the 

Army Staff is the itegrator of these contracts, however, he does not have a process in place to track and manage the 

process.  A contract management process was recently proposed and accepted by the VDAS and is due to be 

implemented this fall.  The Cadet team will apply the new contract management process to last years contracts to 

validate and improve the proposed process. 
