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Antenna radome enclosures for 
advanced radio-frequency and 
microwave communications systems 
typically provide limited or no ability to protect antennas from ballistic 
projectiles and munitions. This is particularly true for antennas on mobile 
platforms where they are exposed to harsh environments as well as small 
arms fi re and munitions fragments. Current radome technologies do not off er 
protection against these environmental threats, as they are typically designed 
to minimize their impact on the electromagnetic performance of the antenna. 
The goal of the proposed eff ort is to investigate and characterize possible 
radome materials that can provide ballistic protection and are transparent to 
RF fi elds at W-Band frequencies of around 100 GHz as well as to investigate 
and characterize materials at lower frequencies of 4 to 8 GHz. 

Along with material characterization, cutt ing-edge radome structures 
can incorporate metasurfaces and/or Frequency Selective Surfaces (FSSs), 
enhancing overall performance. These technologies off er precise control 
over wave propagation, polarization, and transmission/refl ection/absorption 
characteristics. Such innovations empower radomes to achieve superior radar 
cross-section (RCS) levels, wider bandwidths, and increased adaptability 
to dynamic operational requirements. This heightened functionality makes 
them indispensable in modern applications like stealth aircraft, electronic 
warfare systems, and advanced communication networks. Metasurfaces, 
comprising engineered quasi-two-dimensional periodic structures, infl uence 
the dispersive, transmissive, absorptive, and refl ective properties of the entire 
device to which they are applied. The design of the unit cell is pivotal in 
determining the intended eff ect of metasurfaces and FSSs. Diverse groups of 
elements, characterized by varying complexities, contribute to the versatility 
of these advanced engineered material designs.

This NEEC eff ort aims to develop the foundational technology of time-
varying metasurfaces optimized for C-band radome applications by 
selecting suitable materials, incorporating them into advanced simulations, 
and creating a virtual prototype with an integrated circuit-to-full-wave 
simulation framework for improved accuracy and effi  ciency. In addition to 
focusing on material characterization, metamaterial/photonic unit-cell design 
and mechanical analysis are being carried out under this NEEC program to 
enhance the performance and durability of W-band radomes.

NSWC Dahlgren

W-Band Material 
Characterization and 
Advanced Radome Designs 
for C- and W-Bands

Professor:
Douglas H. Werner

Students:
- PhD: 2

Material characterization of samples at 15–20 GHz. This 
system uses a split cavity measurement setup.

Material characterization of samples at 75–110 GHz. This 
system uses a through-transmission setup.

PhD student assembling metamaterial prototype test stand for fi eld testing.

Pennsylvania State 
University
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Purdue
University

NSWC Dahlgren

Physics Behind Energy 
Storage in Pulsed Power 
Systems

Professor:
Allen L. Garner 

Students:
- Undergraduate: 3
- PhD: 1

Graduate students reviewing COMSOL simulations
of switch performance.

Graduate student testing a high-voltage power pulse generator.

Increasing demands for high-
power Navy systems for directed 
energy, electronic warfare, and radar require increasingly higher voltages, 
which can further alter the physics of device failure. Energy storage is a 
critical component of pulsed power systems. Spark gap switches (SGS) can 
repeatedly switch high currents for high-voltage switches for pulsed power 
devices with fast rise-times and high repetition rates. SGS operate based on 
the gas breakdown within the device, with higher pressures often necessary to 
achieve the fastest rise-time. This project explores the physics behind switch 
behavior and the development of and integration with high-power microwave 
sources, particularly nonlinear transmission lines. This project will also 
explore the feasibility of a solid-state pulsed power system using nonlinear 
transmission lines with a solid-state switch.



Purdue
University
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A shock wave is a sudden 
compression in the fl ow around 
a high-speed aircraft, and a boundary layer is a thin layer near a vehicle’s 
surface in which viscous friction and heat transfer have very strong eff ects. 
The interaction of these two fl ow features typically involves separation, in 
which the fl ow no longer follows the surface of the vehicle. It also results in 
intense heat transfer. The unsteady separated fl ow acts like a hot hammer 
pounding on the structure of a hypersonic fl ight vehicle. Taming these adverse 
phenomena is essential to the success of future Navy hypersonic systems.

The aim of the present project is to develop eff ective fl ow control methods 
to mitigate the deleterious eff ects of unsteady separation in hypersonic fl ow. 
We are employing unsteady forcing with advanced fl ow control actuators 
to activate specifi c instabilities and resonances of the separated fl ow. The 
work integrates experiments in a quiet fl ow hypersonic wind tunnel with 
high-fi delity computations. A payoff  of a successful program will be a new 
capability to suppress and mitigate separation unsteadiness in internal and 
external hypersonic fl ows, thus leading to improved system performance
and reduced cost.

We are reaching the conclusion of the experimental campaign studying 
the eff ects of plasma-induced disturbances on a three-dimensional shock 
wave/boundary layer interaction (SWBLI) in low-disturbance Mach 6 fl ow. 
Corresponding computations have been carried out using the DoD HPCMP 
CREATE Kestrel KCFD code. We have successfully shown a relationship 
between upstream disturbances and shock/separation unsteadiness. Also, 
a new high-voltage sine wave generator for use with AC dielectric barrier 
plasma discharges has been developed and successfully tested. Preliminary 
plasma actuator confi gurations are being designed and tested. We have 
fi nished the design of a new model meant to generate an axisymmetric SWBLI, 
which will serve as the test article for upcoming experimental campaigns.

NSWC Dahlgren

Control of Hypersonic
Shock Wave/Boundary
Layer Interactions

Professor:
Jonathan Poggie
Sally Bane
Joseph S. Jewell

Students:
- PhD: 2

PhD student at his computer with a computational mesh of a wind tunnel model on the screen.PhD student holding one of her wind tunnel models.
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Texas A&M University 
and Prairie View
A&M University

NSWC Dahlgren

Sentient Engineering 
Autonomy: Learning, 
Intelligent and Optimal 
Naval Systems (SEALIONS)

Professor:
Manoranjan Majji
Duan Chang

Students:
- Undergraduate: 7
- Master’s: 4
- PhD: 2

Graduate student demonstration of MAVS Demonstration of SEALIONS.

Sentient Engineering Autonomy: Learning, Intel-
ligent and Optimal Naval Systems (SEALIONS) 
is a framework to evaluate the utility and perfor-
mance of diverse sets of artifi cial intelligence and 
machine learning (AI/ML) tools to autonomously 
operate unmanned systems used by the US Navy 
and US Marine Corps. The SEALIONS framework 
will enable an automated prescription of the AI/
ML ingredients to carry out the communication, 
control, guidance, and navigation functions of the 
autonomous systems operating in litt oral environs. 
Component AI/ML tools are implemented and 
integrated to perform a mission function, gen-
erating performance data from representative model simulations and fl ight 
experiments. Data-driven modeling is used to quantify the performance of the 
component selection. The conditional performance measure then supports an 
outer-loop learning process to generate prescriptions for future autonomous 
system design. In addition to providing a wholistic tool to carry out sensitivity 
analyses of the mission performance as a function of the component algorithm 
choices, the SEALIONS framework also serves as a fi rst-cut performance certi-
fi cation mechanism for autonomous systems.

To demonstrate the utility of the SEALIONS framework, the team worked on 
two fronts. Subsurface marine vehicles were developed and prototyped by the 
team to serve as distributed multi-agent systems that can demonstrate the util-
ity of automated AI/ML mission planning tools using hardware prototypes. 
Multi-purpose Aquatic Vessels for Subsea and Subsurface Operations (MAVS) 
prototypes were developed from the previous subsurface vehicle design of 
Nautical Environment Maneuvering and Operating Systems (NEMOS). The 
MAVS prototypes were shown to implement and synthesize comprehensive 
mission objectives autonomously by the team. This has led to an MS thesis 
and completion of capstone projects by three BS students. Parallel eff orts 
developed AI/ML tools for complex task planning, management, and surveil-
lance using automated image generation tools. The PI worked closely with 
mentor Michelle Bolner to use auto labeling and automated image composi-
tion and rendering tools to support complex weapon system guidance and 
control algorithm development. Currently, this forms a basis for one MS thesis 
and two senior design projects.

Multipurpose Aquatic Vessel for Subsea and Subsurface 
Operations (MAVS)
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University
of Texas
at Arlington

NSWC Dahlgren

Energy Storage and Dielectric 
Insulator Reliability
and Safety in  Future
Naval Power Systems

Professor:
David Wetz 

Students:
- Undergraduate: 4
- Master’s: 4
- PhD: 4

MS student in Electrical Engineering (EE) standing in 
front of electric vehicle batt eries that are being studied for 
use in unique applications demanding high peak
to average power.

Postdoctoral fellow (left) mentoring an MS student 
in Electrical Engineering (EE) to set up a custom data 
acquisition system monitoring electrical and thermal 
properties from a batt ery being tested at high rates.

MS student in Industrial, Manufacturing, and Systems Engineering (IMSE) working
on CAMEO model to ensure all system level requirements are being met.

New electric weapon 
systems, electric 
propulsion, advanced radar systems, etc. are all being studied, and 
new power systems, supporting infrastructure, and safety policies and 
procedures are needed to maintain the dominance of the US military 
force. The increased power demand and the transient nature of many 
loads demand that intelligent, reconfi gurable power systems be designed 
that are able to maintain power quality, reliability, and other metrics and 
standards aboard their platforms under all conditions. Energy storage 
will play a vital role in these power systems. The way the DoD needs 
to operate energy storage is vastly diff erent from how it is managed in 
civilian consumer electronics and vehicle applications. Studies are needed 
to assess the electrical and thermal capabilities of new energy storage 
technologies, including lithium-ion and alternative chemistries, that are 
relevant to DoD operations.  In addition to studies on those topics, other 
studies under this grant are investigating electrical worker safety when 
operating high-voltage energy storage, including DC arc fl ash phenomena, 
how it can be predicted, and how the personal protective equipment needs 
to be adapted. New high-voltage insulators are needed in many diff erent 
subsystems, including pulsed power supplies and antennas, that will aid 
in optimizing subsystem size, weight, and power while ensuring system 
reliability. To aid in meeting this demand, new dielectrically altered 
insulators are being studied under high pulsed electric fi elds to improve 
the operational lifetime and maintenance requirements of these loads. All 
of the studies combined under this grant are is researching many diff erent 
topics within the technical areas of electrical insulators, energy storage, 
distributed power systems, and power system safety.
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Virginia Polytechnic 
Institute and
State University

NSWC Dahlgren

Model-Based Mission 
Engineering Analysis to 
Improve System of Systems 
Decisions

Professor:
Peter Beling
Paul Wach

Students:
- Undergraduate: 6
- Master’s: 1

Our project explores the use of large language models (LLMs) for the 
generation of Systems Modeling Language (SysMLv2) code and the 
establishment of verifi cation and validation (V&V) metrics to assess
the LLM output. Specifi c goals include:

 • To develop model-based mission engineering concepts

 • To apply digital transformation concepts to model-based
  mission engineering

 • To train the engineering research capabilities of students
  while pursuing foundational topics in model-based
  mission engineering

 • To advance the students’ skills in artifi cial intelligence/
  machine learning (AI/ML) and provide them with exposure
  to applications in mission engineering

Undergraduate research assistants working on
multiagent SLMs research.

NEEC undergraduate research assistants att ending a presentation on LLMs used to
assist with Secure Windfarm Energy as a part of a mini symposium.
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Virginia Polytechnic 
Institute and
State University

This program is educating students in the design, evaluation, and operation 
of phased array antennas as used in the Navy. The students have designed 
and are currently constructing a phased array antenna integrated with a 
radar system. The student design code has also been applied to a virtual 
reality space under development in a separate NEEC program. As the 
students mature through the second option period, they will be instructed 
in the use of phased array antennas in beamforming and the potential 
applications of artifi cial intelligence/machine learning in its use. The naval 
applications of phased arrays are broad and encompass communication, 
radar, and electronic warfare systems.

NSWC Dahlgren

Enhanced Matching
for Electrically Small 
Antennas and Arrays
with Machine Learning

Professor:
Bradley Davis

Students:
- Undergraduate: 23
- Master’s: 4

Students measuring microwave components used
in the array.

Students building the Monopulse Comparator. NEEC students presenting the research.

NEEC student constructing the 16-element array.
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Virginia Polytechnic 
Institute and
State University

NSWC Dahlgren

Autonomous, Multi-Sensor 
Scanning and 3D Model 
Generation for Ship
Confi guration Management

Professor:
John Gilbert

Students:
- Undergraduate: 3

25

A rendered 3D scene of a manifold, generated from CAD data to create synthetic datasets for 
training machine learning algorithms. The addition of realistic lighting, material textures, and 
surrounding environments enhances model robustness by improving generalization to real-
world conditions.

Graduate student and undergraduate research assistant analyze the results of registered 
lidar scans to bett er understand challenges in automatic labeling of equipment using trained 
neural networks.

A synthetic lidar scan of a manifold, demonstrating how 
preexisting CAD models can be used to generate realistic 
image and lidar datasets for training machine learning 
algorithms. Real-world eff ects such as sensor noise, 
refl ections, and occlusions are incorporated to enhance 
model robustness and ensure accurate equipment 
recognition in diverse conditions.

• The goal of this work is to autonomously generate 3D digital models
 of large, complex structures through a combination of multi-sensor 
 scanning, machine learning, and the integration of preexisting
 3D models.

• Use sensor data fusion, computer vision, and machine learning to
 auto-label lidar point-cloud data collected (year 1 focus)

• Use pre-existing 3D CAD models to inform “as-built” digital 
 reconstructions based on lidar point-cloud data (year 2 focus)

• Experimentally and numerically explore the impact of uncertainties due
 to sensor resolution limitations and other environmental factors
 (i.e., thermal expansion, object motion)

• Unite scanning and 3D modeling eff orts through case studies, making
 use of the existing Cooperative Research and Development Agreement 
 (CRADA) between NSWC Dahlgren and Virginia Tech when possible



Virginia Polytechnic 
Institute and State 
University

NSWC Dahlgren

Spectrum Warrior

Professor:
William “Chris” Headley

Students:
- Undergraduate: 14

Spectrum Warrior undergraduate research assistant 
leading a demo at the IEEE Military Communications 
Conference.

Spectrum Warrior Research Faculty member leading a demo at the IEEE Military 
Communications Conference.

This NEEC project leverages state-of-
the-art virtual reality software and 
hardware to educate students, government employees, and service members 
about advanced wireless communication concepts through improved visual 
representations
of the underlying concepts.

• Focus on concepts and applications of RF antenna propagation
 and phased arrays.

To gamify learning in order to increase engagement, knowledge retention, and 
understanding of Navy-relevant RF applications.

• We determined that a Radio Frequency Virtual Reality "Escape Room" 
 concept will meet our goals of (1) engaging faculty and students in the 
 project development through a quickly understandable concept,
 (2) gamifying our RF educational tool to increase student engagement
 and retention, and (3) teaching students to learn to solve RF problems
 of interest to the sponsor, particularly related to phased array processing

An example of the Virtual Reality “Escape Room” created 
in the Spectrum Warrior eff ort to teach radio frequency 
concepts.

26
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Virginia Polytechnic 
Institute and State 
University

NEEC students review model behavior. NEEC students develop code.

To address the need for safe and secure 
automated systems capable of operating 
in unstructured, dynamic, and nonstationary environments, the team, com-
posed of members from the Intelligent Systems Division of the Virginia Tech 
National Security Institute (VTNSI), is investigating the robustness of artifi cial 
intelligence and machine learning (AI/ML) algorithms to environmental and 
adversarial interventions. The goal is to understand which factors most
aff ect the trained models and to which factors they are more robust.

Work to date has focused on building out a set of exemplar problems in 
adversarial multi-agent reinforcement learning (MARL) and computer vision 
(CV). The MARL thread has focused on two scenarios: one where a team 
of friendly agents tries to trap an adversary agent, and one where a team of 
friendly agents tries to defend a target from a team of adversary agents. In 
each case, we are building the MARL framework, trying to develop trained 
policies that provide well-honed behavior under a variety of circumstances, 
and then trying to understand how those policies behave when the problem 
assumptions change. The CV thread, which is newer, is studying how ad-
versarial actions might aff ect the effi  cacy of trained computer vision models, 
with a focus on actions that can deployed without access to the model, and in 
particular on actions that can be deployed physically (rather than via
a cyberatt ack).

The results will provide lessons learned for training models, assembling train-
ing data, and designing scenarios to improve naval autonomy, while training 
the next generation of the national security workforce. The project as a whole 
has supported four undergraduate students thus far.

NSWC Dahlgren

Continuously Adaptive 
Autonomous Systems
(CAAS)

Professor:
Justin Krometis 
Justin Kauff man 
Maice Dutra Da Costa
Dan Sobien

Students:
- Undergraduate: 4



Virginia Polytechnic 
Institute and State 
University

NSWC Dahlgren

Machine Learning 
Algorithms for On-Ship 
Radar Clutt er Mitigation

Professor:
Justin Krometis

Students:
- Master’s: 1

NEEC student and Navy summer intern working on the project.

Understanding the radar signatures of 
ambient objects and how to diff erentiate 
them from targets that the radar is intended to detect has been an important 
topic in the design of air defense systems for decades. Radar clutt er is the scat-
tering of signals off  of objects that are secondary to the mission of the system 
and have the potential to obscure or draw att ention away from objects that the 
radar system is tasked to detect. These objects can either be surface-based—
such as mountains, buildings, or sea spikes—or airborne/volumetric—such as 
precipitation, birds, insects, or chaff .

This project seeks to develop machine learning-based algorithms for mitigat-
ing clutt er in shipboard radar systems. Working with real radar data from 
the US Navy and in collaboration with experts at the Naval Surface Warfare 
Center Dahlgren Division, project researchers seek to develop an approach to
characterizing radar signals that is automated, accurate, and robust. The long-
term goal is to build an algorithm capable of being integrated into shipboard 
collection systems to improve the Navy’s situational awareness and to trans-
late big datasets into a strategic advantage.

NEEC student and Navy summer intern working
on the project.
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Student working on this project. PhD student working on project.

NSWC Indian Head

Fundamental Studies on 
Liquid Droplet Atomization 
and Vaporization in Shock-
Laden Environments 
Relevant to Compact 
Liquid-Fueled High-Speed 
Propulsion Engines

Professor:
Prashant Khare

Students:
- Undergraduate: 2
- PhD: 1

University
of Cincinnati

Using liquid fuels is necessary to 
signifi cantly increase the range 
and fl ight duration of future 
air-breathing high-speed aircraft, not only because of their higher energy 
density but also because of their potential use for regenerative cooling. As op-
posed to propulsion systems operating with gaseous fuels, where the combus-
tion phenomenon is limited by mixing, in liquid-fueled combustors, although 
molecular transport and mixing are important, two additional processes—the 
fragmentation and vaporization of droplets—are usually the rate-controlling 
processes. However, the available scientifi c literature does not lend itself to 
providing this knowledge and thus severely limits our ability to accurately 
analyze and design these future systems. Therefore, in this 3-year project, we 
are investigating the origin and spatiotemporal evolution of hydrodynamic 
instabilities of isolated and groups of non-vaporizing and vaporizing liquid 
fuel droplets as they interact with shock waves traveling at a wide range of 
Mach numbers. To undertake this research, we are using a fully compressible 
Eulerian-Eulerian diff use interface volume-of-fl uid-based interface capturing 
methodology with an explicit treatment of surface tension, viscous, and va-
porization eff ects. Thus, by accurately modeling the physics under consider-
ation and resolving all the relevant spatial and temporal scales in the gaseous 
and liquid phases and at their interface, we will substantially improve the 
state of knowledge.

The expected scientifi c contributions from this program include the estab-
lishment of predictive theories of fragmenting and vaporizing fuel droplets 
as they interact with supersonic fl ows and shock waves. These scientifi c 
outcomes will contribute signifi cantly to the design and development of 
next-generation air-breathing liquid-fueled RDE and scramjet engines that are 
required to meet and exceed the range and operational needs of the Navy’s 
supersonic/hypersonic aircraft and munition systems. Additionally, this proj-
ect will develop the future naval science and technology workforce by engag-
ing and training students in areas vital to national security.
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PhD student performing polymerization studies on an
energetic acrylate.

PhD student watching an inert propellant print.

PhD student synthesizing an energetic acrylate.

Colorado 
School
of Mines

Improving propellant performance within legacy weapons systems 
enhances mission eff ectiveness while maintaining projectile velocity and 
extending ballistic range. Moreover, customized propellant geometries 
enable tailored gas generation and thrust profi les. Direct ink writing, a 
material extrusion to print solid-loaded propellants with energetic binders, 
enables novel geometries and performance tuning. Additionally, spray 
drying methods can be used to improve effi  ciency and eff ectiveness. 
Increasing energy density can boost profi les. Advanced additive 
manufacturing techniques can be leveraged to produce energetic materials 
with performance-enhancing coatings, further optimizing combustion 
behavior and overall system performance.

To support this mission, a UV-curable energetic acrylate is being 
synthesized as a binder for direct ink writing formulations. Ongoing 
process iterations are improving synthesis results, and a UV-curing study 
is working to evaluate the printability and curability of the ink. To enhance 
current multi-material printing capabilities, a tool changing and tool sharing 
dual printer system was developed to improve extruder utilization, increase 
print effi  ciency, and minimize operator exposure. Investigating dynamic gas 
generation from additively manufactured propellant grains supports the 
Navy’s commitment to advancing tactical eff ectiveness and cultivating the 
future naval research workforce.

NSWC Indian Head

Dynamic Gas Generation
Through Microporous
Nitramines

Professor:
Veronica Eliasson

Students:
- Undergraduate: 1
- Master’s: 2
- PhD: 2

30

Propellant grains printed
with inert silicon ink.
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Machine learning-based segmentation of soot foil data for cellular 
detonation automatically identifying distinct cells and their size 
characteristics.

Instantaneous snapshot of pressure at the detonation front 
superimposed on soot foil image that captures the triple point tracks. 
Simulations are performed on supercomputers at the DoD
High Performance Computing Facility.

University
of Michigan,
Ann Arbor

Detonation-based propulsion can provide 
new approaches to designing systems of 
interest to the Navy, including those that 
need high thrust with smaller combustor 
volumes and higher overall effi  ciency. The 
focus of this work is to study the formation and propagation of detonation 
waves in geometries of interest to Navy, including pulse detonation and 
rotating detonation confi gurations. The program follows three main 
objectives: (1) use canonical fl ows to understand detonation formation, 
including the cellular structure of the front, the propagation physics, and 
the eff ect of wall confi nement; (2) develop full-scale models and tools for 
simulating complex geometries relevant to Navy needs; (3) demonstrate 
detonation-based propulsion in identifi ed multi-injector systems. 

In this fi rst year, detonation instabilities were studied through numerical 
simulations using a compressible fl ow solver for the full Navier-Stokes 
equations along with chemical reactions.  This solver uses adaptative mesh 
refi nement with complex chemical kinetics to simulate high-resolution 
two- and three-dimensional detonations with premixed fuel-air mixture. 
High-pressure triple points created by the collision of transverse waves were 
tracked in time to create soot foils. Soot foils capture the evolution of cellular 
instabilities on the detonation front. The resulting soot foils were processed 
by a machine learning algorithm that segments cells and calculates the area 
and span of each cell to conduct a statistical analysis of cell size characteristics. 
This analysis of detonation cell collision frequency provides insight into 
reactant mixture stability, which is particularly important in realizing 
detonative propulsion systems. 

NSWC Indian Head

Multi-fi delity Computational 
Modeling of Detonation 
Engines

Professor:
Venkat Raman

Students:
- PhD: 3
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Students working in the lab with their Guns Up
Red Raiders.

Student works with the strand burner.

Student works on sample preparation for pressing 
powders.

Navy visitors to Texas Tech Combustion Lab.

Texas Tech
University
Metal fuel powders provide energy 
for many naval ordnance technol-
ogies. This project addresses inter-
face science and focuses on reactive 
materials and solid propellants—two 
energetic systems that utilize metal 
fuels. These studies are designed as student-centric projects emphasizing 
experiential training. Students work with Navy mentors and the PI to identify 
relationships between material properties, mixture processing, and reaction 
performance that will guide technical advancements.  

The objective of reactive material studies is to characterize the ballistic im-
pact induced reactivity of projectiles composed of metal fuels and oxidizers. 
The experimental ballistic impact study is designed to peel away layers of 
variables that infl uence energy conversion studying the eff ect of inert versus 
reactive additives on the fragmentation process. 

Interface properties also infl uence propellant performance. Physics guiding 
faster burning propellants points toward identifying methods to modify the 
activation energy of volatilization. Burn rate modifi ers aff ect activation ener-
gy, but there are major conceptual roadblocks in the path of describing how 
a modifi er works to control combustion. The objective of propulsion studies 
is to examine a newly synthesized material with properties predicted to play 
a role in promoting volatilization. Experiments are designed to confront the 
problem of tailoring burn rates by studying the functional relationship be-
tween interface properties and combustion performance.  

Both energetic material studies address education objectives that (1) expose 
students to the societal value of national defense sciences by engaging them 
in energetic materials research that has real-world implications; (2) enhance 
research skills, teamwork, and communication skills, which are important 
in a DON career; (3) increase the confi dence of the students so that they feel 
that they can succeed in graduate school and in a Naval enterprise career; (4) 
increase the impact of technical contributions from our collaborative energetic 
materials research and facilitate transition into DON technologies.

NSWC Indian Head

Energetic Materials Training 
for the Next-Generation 
Naval Workforce

Professor:
Michelle L. Pantoya

Students:
- Undergraduate: 5
- Masters: 2



NEEC student adjusting 3D printer. Students monitoring 3D print.
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This project aims to establish the theoretical and experimental foundation 
required to implement and characterize a manufacturing process 
that combines ultrasound directed self-assembly (DSA) and additive 
manufacturing (AM) based on vat photopolymerization (VP), to 
manufacture engineered materials with tailored properties. VP allows 
curing photopolymer in a layer-by-layer fashion, and, in each layer, 
ultrasound DSA organizes particles dispersed in the photopolymer into 
user-specifi ed patt erns. In the context of energetic materials, the ability to 
combine ultrasound DSA and VP allows manufacturing free-form (using 
VP) materials with user-specifi ed patt erns of energetic particles and tailored 
packing density (using ultrasound DSA) embedded in the photopolymer 
matrix. Furthermore, it enables creating electrically conductive pathways 
embedded in the photopolymer to tailor ignition of the energetic particles. 
We emphasize AM of propellant materials with tailored properties as a 
specifi c application of this research. 

We will implement a VP set-up augmented with ultrasound transducers to 
demonstrate proof-of-concept. We will study fundamental challenges related 
to this manufacturing process, such as photopolymer viscosity and curing 
as a function of particle fraction, which determines the maximum packing 
density of particles that can be obtained. We will use a suite of material 
characterization techniques to quantify the accuracy of the ultrasound DSA 
method, measure the maximum particle packing density we can achieve, 
and characterize the operating envelope of the manufacturing process. If 
successful, we will 3D print free-form photopolymer material specimens 
in a layer-by-layer fashion, and, in each layer, we will use ultrasound DSA 
to implement a tailored energetic particle packing density, in addition to 
embedded electrical wiring to tailor ignition. 

NSWC Indian Head

Manufacturing Propellant 
Materials with Tailored 
Geometry, Structure, 
Properties, and Ignition 
Using Ultrasound Directed 
Self-Assembly and Vat 
Photopolymerization

Professor:
Bart Raeymaekers,
Gregory Young

Students:
- PhD: 1
- Masters: 2

Virginia Polytechnic 
Institute and State 
University

Students working on project.



Embry-Riddle 
Aeronautical 
University

Students prepare to test the data acquisition system on a manned boat.

This project focuses on enhanc-
ing autonomous surface vessel (ASV) situational awareness through the fusion 
of visual and spatial sensing, aiming to improve the detection and classifi cation 
of objects in the surrounding environment. Such technologies have applications 
in patrolling test ranges, enhancing harbor security, and using ASVs as support 
vessels for manned operations. The research is structured around four main ob-
jectives: creating and annotating multi-modal maritime data for sensor fusion, 
developing accurate surface maps for navigation, applying machine learning 
techniques for robust object identifi cation, and creating sensor fusion strate-
gies for improved robustness. The team uses a custom data acquisition system, 
which was used to create the open-source ER-Coast dataset. This dataset in-
cludes Light Detection and Ranging (LiDAR), high-resolution cameras, infrared 
cameras, and localization sensors to capture coastal waterways in Florida, both 
day and night, across 36 sequences. A portion of this data has been annotated 
for future LiDAR semantic segmentation, image segmentation, and object detec-
tion studies. 

The team previously developed a method for object detection, classifi cation, 
mapping, and tracking of spatial data called Grid-Based Clustering and Con-
cave Hull Extraction (GB-CACHE). This method was originally developed for 
single spatial modalities, but under this project it has been tested for fusion of 
various sensing modalities and data from multiple observers. Within the object 
detection objective, the team has compared the eff ectiveness of standard and 
high dynamic range (HDR) imagery as inputs for deep neural networks. This 
study found that modern networks are not typically pre-trained to leverage the 
additional detail found in HDR imagery. The project research has also begun 
to compare the accuracy of neural network detections with LiDAR-based object 
detection, such as detections by GB-CACHE. Project techniques have been test-
ed heavily on the Minion ASV, which is also used to compete in the Maritime 
RobotX competition. At the 2024 competition, the Embry-Riddle team earned a 
3rd place overall fi nish and an award for the best technical paper. 

NUWC Keyport

Multi-Modal Sensor
Fusion for ASV
Situational Awareness

Professor:
Eric Coyle
Patrick Currier 

Students:
- Undergraduate: 2
- Master’s: 1
- PhD: 1
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Students test the data acquisition system on a local 
waterway.

Embry-Riddle Maritime RobotX team in front
of the Minion ASV



San Diego
State University

Student working on digital image correlation to characterize the mechanical response of 3D 
printed samples at the Experimental Mechanics Laboratory

Additive manufacturing (AM) of 
continuous fi ber-reinforced poly-
mer matrix composites (CFPMCs) 
holds signifi cant promise for rapidly 
producing lightweight structures 
with tailored mechanical properties 
critical for DoD applications. However, current AM-CFPMC processes suff er 
from limitations inherited from traditional composite manufacturing. Specifi -
cally, structural integrity is assessed post-printing via destructive and limited 
non-destructive evaluations, which leads to potential fl aws and low manufac-
turing yields. Similarly, mechanical properties are determined post-mortem, 
hindering real-time process optimization and increasing material waste.

This research proposes to overcome these limitations by leveraging nonion-
izing, penetrative terahertz  (THz) wave technology for characterization of 
polymers and composites. The resulting pixelated THz data will also provide 
molecular information correlated to the material’s mechanical properties. The 
data will be leveraged to develop machine learning algorithms capable of 
predicting fi nal part performance and potentially halting the print process if 
performance metrics are not met. This innovative approach promises to sig-
nifi cantly enhance the reliability and effi  ciency of AM-CFPMC for critical DoD 
components by enabling real-time quality assurance and process control. Fi-
nally, this collaborative eff ort will establish a valuable pathway for training the 
next generation of engineers for future roles within the naval Warfare Centers.

NUWC Keyport

Nondestructive Evaluation 
of Additively Manufactured 
Polymers and Composites

Professor:
George Youssef 

Students:
- Undergraduate: 2
- Master’s: 3
- PhD: 1
- Post Doc: 1
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MS student performing thermomechanical 
characterization of 3D printed composites in the 
Experimental Mechanics Laboratory.

Ph.D. student is working on terahertz  time domain 
spectroscopy setup at the Experimental Mechanics 
Laboratory.
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Image courtesy of Defense Visual Information Distribution Service (www.dvidshub.net).

Logistics and repair centers can greatly 
benefi t from data analytics to expedite 
the processing of large volumes of collected data related to products and sup-
pliers. Some level of automation can improve effi  ciency in the acquisition and 
maintenance processes by reducing the cognitive burden imposed on human 
agents to analyze the collected data. Data related to products and suppliers is 
often in narrative format, so the automation process requires the integration of 
natural language processing tools. In particular, sentiment and topic analysis 
can be used to extract subjective information from text. With these tools, it is 
possible to analyze text describing past experience with a product or vendor 
to assess the level of satisfaction and identify potential issues and risks.

Project objectives are to use natural language processing to expedite analy-
sis of text in product and supplier reviews and to use sentiment and topic 
analysis tools to extract subjective information from text. We utilize publicly 
available datasets with reviews (movies, products, services) to test the pro-
posed algorithms. The sentiment analysis classifi es text as positive/negative, 
and we also perform a multi-class classifi cation that is compared to the star 
ratings associated to the reviews.

The project has successfully completed the evaluation of classifi cation mod-
els for the proposed problem and is moving on to state-of-the-art natural 
language processing techniques. Generative AI techniques, such as large 
language models, have the ability to parse and summarize large corpuses 
of text. The next phase of the project will focus on the use of large language 
models for information retrieval on structured text data sets. One benefi t of 
the proposed approach is the ability for the user to interact with an agent and 
iteratively refi ne the search.

NUWC Keyport

Sentiment and Topic 
Analysis for Reliable Supply 
(STARS)

Professor:
Stephen Adams

Students:
- Undergraduate: 1

Virginia Polytechnic 
Institute and State 
University

Figure 3:  Performance of noisy label loss functions on the Yelp dataset.

Figure 4: Performance of noisy ordinal loss functions on the Yelp dataset.
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1 BS student – Computer Science
0 MS
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6.       Metrics
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a. Total number of students participating in the program.
b. Number of PHDs, MSs and BSs students include majors, (i.e. 1 PhD CS, 1 PhD EE, 2 MS ME).

1 BS student – Computer Science
0 MS
0 PhD

Performance of noisy ordinal loss functions
on the Yelp dataset.

Performance of noisy label loss functions
on the Yelp dataset.



Washington
State University

NEEC student working with the developed MI System with three coils.

Near Field Magnetic Induction 
(NFMI) communication is an emerg-
ing technology that operates through 
resonant inductive coupling. It can 
operate in hazardous environments 
such as underwater scenarios with high turbidity, in stealth mode operation, 
etc. where well established means such as acoustic, electromagnetic waves, or 
optical methods may not be very desirable or eff ective.  

A signifi cant feature of Magnetic Induction (MI) communication is its ability 
to control its directionality through beamforming techniques. This feature is 
explored in this research. This directionality allows transmission signals in 
selective directions while suppressing radiation in other directions. This is 
achieved by adjusting the phases of signals across an array of transmitt ing coils, 
for example, 3, 5, or 7 coils with diff erent-phase shifted signals.    

Current work has been divided into two distinct related sections. In the fi rst 
section, the MI fi eld patt erns are studied using Ansys’s Maxwell and HFSS 
software. This involves applying a phase-shifted signal to a toroidal transmitt er 
coil to characterize the beamforming. In a phased-array model using 3 coils, the 
diff erence in the beam steering has been demonstrated when the signals to coils 
are at 0°, 60°, and 120° compared to a phase shift of 0° applied between 3 coils. 
Simulations were conducted with  200 mA current sources for each transmitt er 
coil at  200 kHz. This simulation is repeated for 5 and 7 coils. In the second sec-
tion, a system with transmitt er and receiver is designed and integrated to verify 
the fi eld patt erns. The transmitt er, with arrays of 3 and 7 coils, uses 180 kHz and 
220 kHz signals to transmit 1 and 0 of a digital signal using FSK modulation. 
The required phase shift to the various coils is provided by a Raspberry Pi Pico 
microcontroller that also generates two-tone (180 kHz and 220 kHz) signals.  
In summary, Ansys Maxwell and HFSS modules have been used to study MI 
fi eld patt ern, and a system is designed and integrated to verify theoretical and 
simulation results.

NUWC Keyport

Near Field Magnetic 
Induction (NFMI) 
Communication

Professor:
Murari Kejariwal 

Students:
- Undergraduate: 3

NEEC students working on Ansys simulations
for magnetic fi eld patt erns.

Ansys Maxwell simulation of magnetic induction
with phased array beamforming technique.
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NEEC research team meeting.

Obsolescence occurs when a given 
part is no longer procurable. This 
causes problems for organiza-
tions, particularly those that manage long-lived systems. When a part in these 
systems experiences obsolescence, a plan must be developed to keep the 
system operable. In order to give decision-makers more time to develop plans 
to adapt to obsolescence, projects are working toward a proactive strategy 
to bett er predict obsolescence events using predictive analytics and natural 
language processing algorithms at the part level; as well as to bett er manage 
these eff ects at the system level using network models. The goal is for imple-
mentation into NUWC Keyport’s Obsolescence Management Information 
System (OMIS™), a software tool to support system sustainment.

This project has two foci: (1) taking a broader view of the problem to develop 
predictive analytics for system-level obsolescence, and (2) applying machine 
learning and natural language processing (NLP) algorithms to text fi elds in 
OMIS™  to improve the case management capabilities, which will improve 
the timeliness and quality of case response to the NAVSEA program offi  ces.  
The fi rst focus will develop network-based analytical methods for predicting 
availability resilience. This will allow us to understand how parts interact 
within a system, how unavailability propagates in a system, and how to 
weigh the importance of diff erent parts becoming unavailable. This enables 
identifi cation of the most important availability risks and thus the allocation 
of resources to the parts whose unavailability creates the largest risk to the 
system. The second focus is exploring the application of supervised learning 
methods (specifi cally random forests and SVM) with NLP algorithms (based 
on BERT and utilizing the Navy NLP modeling workfl ow) to predict the 
speed of OMIS case resolution and to identify the characteristics of the cases 
that may contribute to ‘speedier’ resolutions.

NUWC Keyport

Distributed Bayesian 
Network Approach for 
Risk Modeling and System 
Sustainment

Professor:
Christina Mastrangelo

Students:
- Undergraduate: 3
- PhD: 1

University
of Washington

Graduate NEEC researcher presenting at annual INFORMS meeting.
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The objective of this work is to use novel 
sensor processing techniques to provide 
improved autonomous robot capabilities 
by changing the way onboard computation 
is performed.  The scope of this project 
is circuit and algorithm co-development, 
computer simulation, and circuit/sensor 
hardware experiments.  We will assess 
the performance of the proposed bio-
inspired edge computing method for sensor data output.  The proposed 
method’s computation capabilities will be compared to standard digital 
implementation methods (e.g., image processing, neural networks,
position localization). 

The system-level problem being addressed is to explore the intersection of 
sensors and computing for optimal architectures. The anticipated outcome 
is that by understanding the sensor format and computation we will be able 
to defi ne bett er resource optimized architectures.  This will provide bett er 
onboard computation systems for small autonomous robots performing 
missions.  This is important because onboard computation is limited due 
to size and power constraints.  Potential naval-relevant applications are for 
integration into multi-vehicle autonomy systems to improve navigation, 
acoustic localization, or underwater sound tracking in challenging 
environments.   The broad technical approach is to develop non-traditional 
computing, such as neuromorphic computation and sensing architectures.  

A potential impact is improved system robustness to noise.  This architecture 
is effi  cient in making decisions on small amounts of information with 
incremental refi nement.  An anticipated outcome is that this provides a 
framework for integrating progressive observations to improve the solution 
with an effi  cient architecture. This NEEC project focuses on the intersection 
of sensing and computing. 

Baylor UniversityNUWC Newport

Sensing and Computational 
Methods Enabling Edge 
Computing for Autonomous 
Platforms

Professor:
Scott  Koziol

Students:
- Undergraduate: 2
- Master’s: 2
- PhD: 3

WACO, TX - Baylor University students in the Neuromorphic & Robotic Systems research lab. 
Their Baylor faculty advisor for the project is Dr. Scott  Koziol, and the NUWC Division New-
port mentors are Dr. John DiCecco and Dr. Eugene Chabot.

SPRINGFIELD, MA - Baylor University NEEC PhD 
student presenting his NEEC paper at the 2024 IEEE 
67th International Midwest Symposium on Circuits and 
Systems (MWSCAS), August 12, 2024.

WACO, TX - Baylor University students in the Baylor 
Research and Innovation Collaborative (BRIC) building. 
Their Baylor faculty advisor for the project is Dr. Scott  
Koziol, and the NUWC Division Newport mentors
are Dr. John DiCecco and Dr. Eugene Chabot.



Evolutionary Game Theory (EGT) is a 
mathematical framework to study interactive 
strategic decision-making involving multiple 
agents/players, which can include any 
entity, rational or otherwise, from organisms 
to animals to humans to social norms to 
machines/sensors to AI/quantum systems. 
EGT studies in particular the dynamics of the changes of the strategies over 
time based on the assessment of the payoff s/utilities/benefi ts through natural 
selection, learning and learning reinforcement, and imitation of strategies
in the population. A paradigm of EGT is Replicator Dynamics resulting from 
the diff erence between the individual payoff  and the average payoff 
in the population.

It has tremendous applications in all fi elds of human endeavor, including 
wargaming and military decision-making, stock markets, international 
policies and confl ict resolution (strategic and tactical decision-making for 
quantitative military ethics), sensors deployment and coverage in naval 
engineering, and Oceanic Bastion against submarines.

The cohort of students was fi rst introduced to the mathematical preliminaries, 
the general concept of game theory, and the subclass of evolutionary game 
theory, through classical models such as Prisoner's Dilemma, Batt le of the 
Sexes, Matching Pennies, Hawk-Dove, and Rock-Paper-Scissors games
and their solutions.

The students then personalized the concept by designing their own 
mathematical models and embarking upon individual studies focused on
“A Game Theoretic Approach to Consumer and Business Owner,” a “Discount 
Dash Game,” and a “Strategic Dance of Confl ict and Randomization." Finally, 
the students presented each of their projects at the departmental colloquium.

Howard
University

NUWC Newport

Evolutionary Game Theory 
and Applications
in Naval Research

Professor:
Bourama Toni

Students:
- Undergraduate: 2

Student leads presentation at Howard University Mathematics Department Colloquium.

40

NEEC student developing their mathematical framework.

NEEC student presenting a mathematical model
of their own design.
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The electromagnetic spectrum (EMS) ranges 
from radio waves, microwaves, and visible 
light to X-rays. The EMS supports Department 
of Defense (DoD) air, land, sea, space, and 
cyberspace spectrum-dependent wireless 
systems and applications. Due to the technology evolution as well as 5G 
and beyond, which provides high capacity, faster speeds, world-wide 
connectivity, terrestrial and non-terrestrial communications, it has been 
harder for the warfi ghters to have freedom of action within the EMS to 
be successfully operational in congested, contested, and constrained EMS 
environments globally. The DoD has developed the “2020 Department of 
Defense Electromagnetic Spectrum Superiority Strategy” to ensure that 
the US military maintains their ability to operate in the EMS and retrieve 
their “freedom of maneuver” in future by dynamically accessing the EMS. 
A key barrier to advancing freedom of maneuver in the EMS is the lack of 
effi  cient and eff ective methods to sense the EMS and learn surrounding 
operations and signals in dynamic EMS environments. Therefore, the 
goal of the project is to continuously monitor and characterize operations 
and signals in dynamically congested, contested, and constrained EMS 
environments to bett er meet DoD’s command, control, and communication 
needs on their batt lefi elds and beyond as well as Navy’s needs on EMS-
dependent applications and systems. In 2024, we developed a hybrid 
CNN-BiLSTM model that combines convolutional neural network (CNN)-
based spatial feature extraction with bidirectional long short-term memory 
(BiLSTM)-based temporal learning to improve angle-of-arrival (AoA) 
estimation accuracy in complex, multi-transmitt er scenarios. The proposed 
model achieves a root mean square error (RMSE) of less than 1 degree 
when detecting up to four transmitt ers simultaneously, demonstrating 
high precision. Notably, the model consistently outperforms the multiple 
signal classifi cation (MUSIC) algorithm and other state-of-the-art machine 
learning models, including CRNN, MCNet, DeepAoA, and AMC-CNN, 
across the entire signal-to-noise ratio (SNR) range. It exhibits superior 
accuracy and robustness in both low and high SNR conditions, highlighting 
its eff ectiveness in challenging environments. These fi ndings emphasize the 
potential of machine learning to enhance AoA estimation, off ering promising 
applications for spectrum management and interference localization.

NUWC Newport

An Adaptive Deep 
Learning Architecture with 
FPGA Acceleration for 
Continuously Monitoring and 
Characterizing Operations 
and Promptly Reconfi guring 
SDR in Spectrum Contested 
Environments

Professor:
Ruolin Zhou

Students:
- Master’s: 2
- PhD: 1

Students working at the lab with SDR and FPGA.Software defi ned 8-element antenna array testbed.

Training visualization and reasoning process of ML 
models.

University
of Massachusetts 
Dartmouth



The development and deployment of 
software for Command & Control (C2) 
applications, such as fi re control systems 
onboard Navy submarines, is rapidly 
evolving.  In particular, software for 
C2 increasingly leverages microser-
vices-based architectures, where appli-
cation functions are subdivided into many tightly-scoped, modular services.  
These microservices-based solutions are typically instantiated via contain-
erization, wherein individual services are virtualized in a stand-alone and 
operating-system-independent way. The large-scale coordination of contain-
ers is often managed using container orchestration tools.  Microservices- and 
containerization-based software solutions can provide tremendous benefi ts 
in several regards, including scalability, portability, and hardware-plat-
form and vendor independence. However, these software solutions are also 
susceptible to new types of cyber threats (failures, att acks), which may be 
amplifi ed by the complexity of C2 software and its use in high-consequence 
applications. In addition, the use of microservices software complexifi es the 
software supply chain, leading to further risk.

The project aims to develop concepts, methods, and test systems for improv-
ing the security and resilience of microservices-based C2 software.  Toward 
this goal, the project team has initiated research is three directions.  First, a 
capstone team is building a test platform that emulates a command-and-con-
trol environment, allows instantiation of threats, and provides telemetry 
during operations. Second, a project graduate student is exploring methods 
for detection of threats under varying operational regimes and considering 
methods for automated defense. Third, another project graduate student is 
developing a distributed-ledger (blockchain) tool for securing the software 
supply chain.

Texas A&M
University

NUWC Newport

Agile and Resilient 
Security Solutions for 
Next-Generation Cyber 
Technologies on Naval 
Platforms 

Professor:
Sandip Roy

Students:
- Undergraduate: 3
- Master’s: 1
- PhD: 1

The capstone team testing a
denial-of-service-type att ack
on microservices software cluster.

Project student presenting about distributed ledgers for software supply chains.
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Small, low-cost underwater vehicles 
that can accomplish a mission 
autonomously are of great importance to future Navy operations. These 
vehicles should be able to operate in shallow-water environments that are 
diffi  cult because underwater navigation relies on sonar whereas the proximity 
to the sea fl oor or other underwater objects produces large amounts of sonar 
echoes as well as acoustic reverberation. In addition, the environmental 
conditions can vary a lot around the world; hence, a method that can 
automatically design sonar systems for diff erent uses and areas of operation 
would be highly desirable. The proposed research seeks to design a miniature 
sonar that is inspired by the biological sonar systems found in certain species 
of bats that are able to fl y through dense vegetation. These bats diff ract their 
outgoing biosonar pulses with litt le megaphones ("noseleaves") and the 
returning echoes with their outer ears. Bat biosonar has a unique dynamic 
where the noseleaves and ears are deformed by a large number of muscles 
associated with each structure. To replicate the capabilities of bat biosonar in a 
technical design, a process will be used that mimics evolution, and individual 
learning will be implemented. In the process, the layout of the actuators that 
deform the baffl  es will be optimized using an evolutionary algorithm, and 
each actuator layout will be trained by a deep-learning process similar to what 
Google has used to beat human Go champions. The outcome of this eff ort will 
be a miniature biomimetic sonar that can determine its location in a natural 
environment from the analysis of echoes and hence is no longer dependent on 
GPS. This will enable small underwater vehicles that do not need to surface to 
operate a GPS receiver. Furthermore, the evolutionary AI design process can 
be repeated to create capable sonars that are optimized for specifi c missions.

Virginia Polytechnic 
Institute and State 
University

NUWC Newport

Deep Evolutionary 
Reinforcement Learning for 
Integrated Sensor Design, 
Dynamics, and Acoustic 
Target Recognition

Professor:
Rolf Mueller

Students:
- Undergraduate: 49
- Master’s: 1
- PhD: 2

Capstone project team at the VT design expo in April 2024.

Tendon-actuated biomimetic sonar head  designed and implemented by the capstone project.

Sonar data collection in the LASR greenhouse of the NRL 
in May 2024.

Deployment of the biomimetic sonar head
in the laboratory and on the fi eld in Borneo during
the summer of 2024.
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The research project at Worcester 
Polytechnic Institute (WPI) aims to develop 
an estimation approach utilizing machine 
learning to address the challenges of plume 
estimation and source tracking from an 
underwater source emitt ing a trace gas or 
liquid. This system revolves around a moving, unknown source that creates 
a spatiotemporally varying plume, analyzed by a single or network of 
autonomous underwater vehicles (AUVs). The project’s objective is to design 
a methodology that optimally guides and repositions AUVs to provide real-
time estimations of plume concentration, source strength, and localization, 
even under constrained operational conditions. By advancing the state of the 
art in this fi eld, the approach integrates physics-based modeling, using the 
3D advection-diff usion equation for plume dispersion, exosystem modeling 
for the source's motion, and dynamical equations for AUV movement, while 
factoring in sensor bandwidth and noise. This estimation strategy relies on 
adaptive sampling within the plume, allowing for a shift from processing "big 
data" to eff ectively utilizing "smart data" collected by a limited number of 
AUVs. By employing machine learning within a physics-informed framework, 
the approach also reveals unknown ocean currents along with source strength 
and location. The computational methods implemented bridge multiple scales 
of the highly-dynamical system and enable real-time execution onboard 
AUVs. The real-time outputs from this estimation approach deliver human-
interpretable results for plume concentration and source tracking, which 
facilitates informed decision-making. The project's outcomes will have 
signifi cant implications for underwater intruder detection, search-and-rescue 
operations, and environmental monitoring. Additionally, the project actively 
enhances the students educational experience and fosters potential career 
opportunities in the Department of Defense (DoD).

Worcester 
Polytechnic
Institute

NUWC Newport

A Machine-Learning Enabled 
Approach for Real-Time 
Plume Estimation with a 
Network of Autonomous 
Underwater Vehicles

Professor:
Nikolaos A. Gatsonis
Michael A. Demetriou

Students:
- Master’s: 1
- PhD: 1

Real-time 3D plume estimation compared to synthetic data simulations.
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The feature-poor environment of the 
underwater domain makes it diffi  cult for 
low-cost unmanned underwater vehicles 
(UUVs) to maintain localization accuracy 
when traveling large distances under GPS-
denied conditions. Terrain-aided navigation 
(TAN) att empts to correct navigation drift 
by comparing observed depth measurements to a prior bathymetry map. 
However, these techniques depend on observation of changes in bathymetry. 
If the bathymetry of the environment is mostly constant and the UUV fails to 
travel over the points that do vary, then TAN will fail to correct navigation 
drift. Teams of agents performing cooperative localization have the potential 
to overcome these problems by increasing the search space observed by the 
individual agents. If an accurate relative localization is maintained between 
the agents, then a useful observation by any one of the UUVs will result in 
improved localization for the entire group. Moreover, by optimizing the 
trajectories of each of the vehicles, we can seek to maximize the likelihood 
that useful changes in bathymetry will be observed by the coordinating 
agents—resulting in even further increases in localization accuracy. 
Ultimately, depending on the bathymetry of the environment, it is possible 
that an optimal trajectory for the team could be found that ensures drift can 
be entirely corrected for using these techniques. 

In this project, we seek to investigate the various problems that need to be 
addressed to enable cooperative terrain-aided navigation at large scales. 
In particular, we propose to investigate: (1) Communication-Constrained 
Cooperative Inverted-ultra-short baseline (USBL) Localization,
(2) Cooperative Terrain-Aided Navigation, and (3) Optimal Planning
for Active Cooperative TAN.

Expected results include publications in tier-one robotics venues and 
demonstrated evaluation of the proposed algorithms via real-world
fi eld trials.

Brigham Young 
University

NSWC Panama City

Active and Cooperative 
Terrain-Aided Navigation 
Using Inverted-Ultra-Short 
Baseline (USBL)

Professor:
Joshua Mangelson

Students:
- Undergraduate: 8
- PhD: 3

Dock-testing—students preparing a CougUUV for testing on a dock.Cart-testing—students testing a CougUUV.

Pool-testing—camera view of a CougUUV in a pool.



FAU is developing a compact inte-
grated system of enhanced sensors 
for concurrently measuring the elec-
tric and magnetic fi elds in the water 
column or along the seabed from an autonomous underwater vehicle (AUV) 
with accurate geolocation. A sensor package accommodated in a tow fi sh for 
towing from an AUV is being developed. Towing the sensor package isolates 
the measurement system from the AUV motor and electronics. Previously, 
we demonstrated that high-quality measurements of the electromagnetic fi eld 
can be made using a streamlined tow fi sh towed from an AUV. The integrat-
ed sensor system being developed includes (1) a sensitive total fi eld magne-
tometer; (2) a custom low-noise tri-axial E-fi eld sensor developed at Florida 
Atlantic University; (3) a depth sensor; and (4) an onboard data acquisition 
and processing system. Accurate geolocation of the measurement system will 
be provided through use of an ultra-short baseline (USBL) acoustic position-
ing system mounted on the AUV. USBL acoustic positioning would provide 
the range and bearing of the package with respect to a reference point whose 
Global Positioning System (GPS) location would be communicated to the 
package via an acoustic modem. The depth of the package would be obtained 
from the onboard pressure sensor. The information from the USBL, the mo-
dem, and the depth sensor would be combined to provide instantaneous geo-
location of the package.  The focus is on enabling high-quality measurement 
of baseline electromagnetic fi elds and those emitt ed by anomalous sources in 
the fi eld.  The project is in the area of AUV sensor development and supports 
the Navy’s interest in advanced sea platform performance, and advanced sea 
platform and autonomy science and technologies. 

NSWC Panama City

An Integrated Sensor System 
for Concurrent Measurement 
of Electric and Magnetic 
Fields in the Water Column

Professor:
Manhar Dhanak
Pierre-Phillipe Beaujean

Students:
- Undergraduate: 1
- Master’s: 2
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FAU NEEC student programming a REMUS AUV
in the laboratory.    

Students deploying a REMUS 100 UUV for sea tests.

Florida Atlantic 
University
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Networked autonomous, heterogeneous 
agents (NAHA) performing collaborative 
tasks are ubiquitous in diverse applica-
tions, e.g., marine exploration and disaster 
management. To complete these tasks in 
an uncertain environment, NAHA require 
signifi cant wire communication among the 
agents and computing resources for learning and coordinated control. How-
ever, higher communication (data sharing), e.g., in reconnaissance operations, 
threatens privacy and risks the security of NAHA performing coordinated 
tasks. Moreover, once a cyberatt ack or fault is detected, the massive scale and 
heterogeneity of NAHA make it challenging to isolate the faulty or att acked 
agent to restore (even degraded) operation before it cascades to the others.

The overall objective of this project is to design effi  cient aperiodic communi-
cation protocols and privacy-preserving and scalable learning algorithms for 
resource-conscious control strategies for NAHA. We aim to exploit the structur-
al and dynamic properties of the autonomous agents and establish fundamental 
theories to identify system dynamics from data, estimate system states, and de-
velop control schemes that are robust to loss of or limited communication, pre-
serve privacy, and facilitate the isolation of compromised agents.  The project 
has three tasks: (1) learning the system model using limited and optimal data 
from all agents in a distributed fashion, (2) developing resource effi  cient state 
estimation and control for the multiagent systems by learning the uncertain 
environments, and (3) experimentally validate the results using a networked 
multiagent system consisting of ground robots and aerial vehicles.

The success of the proposed research will lead to transformative solutions by 
instituting a holistic framework for communication, control, data privacy, and 
security for multi-agent collaborative control, which is signifi cantly important 
for the Navy. The research results have potential naval applications in the areas 
of (1) unmanned systems with robust autonomy, precision navigation, and re-
liable decision-making and (2) command, control, and communication to safely 
and reliably launch and recover unmanned underwater and surface vessels.

NSWC Panama City

Collaborative Autonomy
in Uncertain Environments: 
Exploring Vistas Beyond 
Consensus

Professor:
Avimanyu Sahoo
Vignesh Narayan

Students:
- Undergraduate: 7
- PhD: 2

NEEC student from University of Alabama in Huntsville 
working on ground robots for developing autonomous 
systems.

NEEC student from the University of South Carolina (USC) presented her research
at the undergraduate research symposium at USC.

University
of Alabama in Huntsville 
and University
of South Carolina

NEEC student from University of South Carolina present-
ing his research paper at the AAAI Workshop
in Philadelphia, PA.
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The broad objective of this project 
is to develop a robust physics-cog-
nizant mathematical framework 
for sensing the marine environ-
ment in batt lespace scenarios. We 
study and develop interfaces between the feature dictionaries and popular 
machine learning techniques with the aim of detection, representation, simu-
lation, and classifi cation of acoustic signals of naval interest.  As appropriate, 
we develop supervised and semi-supervised machine learning techniques 
that allow "opening the black box" for domain interpretation and incorpo-
ration of domain constraints (e.g., number of elastic wave orbits in sonar 
targets, water-sediment interface in buried acoustic sensors). Specifi cally, this 
project has two independent thrusts related to naval sensing of the oceanic 
environment using acoustic signals:

(1) Automatic target detection of small elastic targets using domain-in-
terpretable features: We develop feature extraction and machine learning 
algorithms that can autonomously diff erentiate between diff erent classes of 
acoustic refl ections from small-size underwater sonar targets with complex 
spectral profi les. We distinguish automatic target recognition in this thrust 
to be very diff erent in scope and aims than other forms of target recognition, 
e.g., in detection and classifi cation of target highlights from submarines in 
anti-submarine warfare. One US graduate student has been recruited to per-
form and develop this research thrust into a thesis. 

(2) Simulation framework and related signal processing and machine learn-
ing techniques for robust acoustic sensor node placement: The simulation 
setup takes into account local oceanic conditions and current channel state as 
well as physical constraints such as non-R2 propagation loss along multipath 
arrivals between nodes, eff ect of water-sediment interface in acoustic wave 
propagation, etc. The node placement and analysis techniques leverage the 
PI's recent and continuing work in physical layer acoustic communications. 
Several new directions are also explored, such as the cross-layer interface be-
tween the physical and network layer, opportunistic signaling as well as local 
dynamic node placement to optimize communication between neighboring 
nodes in an underwater sensor network. One US graduate student has been 
recruited to perform and develop this research thrust into a thesis.

University
of Iowa

NSWC Panama City

Bridging the Gap Between
Artifi cial Intelligence and
Expert Interpretation in Naval
Environments

Professor:
Ananya Sen Gupta

Students:
- Undergraduate: 6
- PhD: 3

Project team dinner.Characterization of target cross entropy vs. target 
thickness using various signal processing techniques.
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Two students participating in NEEC, discussing progress towards synchronized data collection 
across four diff erent types of wearable sensors: heart rate monitor, skin temperature sensor,
inertial measurement units, and surface electromyography sensors.

Student discussing how we are going to utilize the 
wearable sensors to predict energy expenditure. On the 
computer is a plot of total kinetic energy estimated from 
inertial measurement units and heart rate from a heart 
rate monitor plott ed against the ground truth energy 
expenditure, illustrating a decently linear relationship.

Human performance is typical-
ly assessed with optical motion 
capture, which consists of placing 
refl ective markers on body seg-
ments whose three-dimensional 
positions are tracked via infrared cameras. Unfortunately, these systems re-
strict data collections to a fairly small area, suff er from marker occlusion (i.e., 
markers are not within line of sight of the cameras) during complex tasks, 
and are time intensive with respect to system calibration and post-process-
ing. Wearable sensors like inertial measurement units (IMUs) have gained 
considerable popularity over recent years as an alternative approach. With 
advanced signal processing, the motion data that IMUs collect can be trans-
formed into informative metrics of performance.

IMU-based motion capture, hereafter referred to as inertial motion capture, 
has advantages over traditional optical motion capture, but it is not without 
its own set of unique diffi  culties. By exploiting the natural limitations of 
human physiology, superior and more descriptive metrics of human per-
formance can be extracted from the IMU data. In addition to inertial motion 
capture, other wearable sensors can be an advantageous supplement. This 
approach relies on collecting other wearable sensor data that captures other 
metrics related to performance that correspond to physiological responses. 
Specifi cally, surface electromyography gives insight into muscle activation 
and recruitment; skin temperature sensors lend insight into thermal discom-
fort or burden born by the wearer; and heart rate sensors can lend insight 
into how hard someone is physically working.

This project will focus on inertial motion capture when complemented by 
other wearable sensors. The former technique is advantageous for evaluat-
ing human performance in natural sett ings while the latt er can be integrated 
with the former to provide more context for what tasks or activities a damage 
control team is engaging in throughout a training simulation in the training 
environment. Of particular interest is quantifying the objective (e.g., motion 
capture derived metrics of performance related to mobility and donning/
doffi  ng gear effi  ciency) and subjective (e.g., NASA Task Load Index) eff ects 
of, for example, fi refi ghting turnout equipment designed to support a dam-
age control team. Participants will engage in activities related to donning/
doffi  ng equipment as well as simulated training scenarios.

University
of Iowa

NSWC Panama City

Integrated Motion Capture 
Modalities to Evaluate 
Human Performance in 
Various Operationally 
Relevant Contexts

Professor:
Rachel Vitali

Students:
- Undergraduate: 6
- PhD: 3

Student illustrating how we will be implementing a water 
turn on/off  activity during the testing session. The wear-
able sensors att ached to his arm are inertial measurement 
units that will be used to bett er understand performance 
and mobility.



Seabed properties and conditions can 
vary signifi cantly on diff erent spatio-
temporal scales. The composition of seabed sediments and the geomechanical 
properties are important for a number of physical processes related to sedi-
ment transport, geomorphology, and seabed-object interaction, among others. 
Those processes impact many naval applications, including acoustic survey-
ing, mine burial, and navigation. In-situ seabed testing using penetrometers 
can provide crucial seabed information to reduce uncertainty for many of 
these applications. Free fall penetrometers (FFP) specifi cally off er a pathway 
to rapid seabed characterization without the need for larger support infra-
structure; thus, FFPs make a convenient tool for geotechnical seabed charac-
terization for naval applications.

Portable FFPs typically measure acceleration and pore pressure to assess the 
geotechnical properties of the seabed. FFP data collection is reliable, repro-
ducible, and sensitive to small variations in seabed conditions. However, 
interpretation for geotechnical seabed parameters depends on an expert data 
analyst to process the raw data into an informative and broadly accessible 
product. This research project focuses on exploring machine learning for FFP-
based seabed characterization. Thus, the goals of the proposed study are to 
(1) prepare an FFP database for training and validation of numerical model 
and machine-learning algorithms; (2) develop an initial machine-learning 
algorithm for seabed classifi cation from FFP accelerometer recordings and 
pore pressure readings; (3) expand an existing numerical model to investigate 
the physical processes governing the seabed classifi cation; and (4) investigate 
the uncertainty of seabed classifi cation from FFP using machine learning and 
compare it to in-situ seabed classifi cation from core sampling.

A large FFP database is being considered in this study; it contains data from 
diff erent locations in the US and worldwide collected by Dr. Stark and her 
team and also includes data collected by other researchers publicly available. 
The database was assembled and formatt ed by students under the guidance 
of Dr. Rodriguez-Marek. Further, a numerical model initially proposed by 
Dr. Yerro and her team for a portable FFP using the material point method is 
being expanded to account for diff erent hydraulic conditions and sediments. 
Finally, a machine-learning algorithm is currently being developed under the 
guidance of Dr. Karpatne to be trained with the fi eld database complemented 
by synthetic numerical data.

NSWC Panama City

Seafl oor Characterization 
from Free Fall Penetrometer 
Using Machine Learning

Professor:
Nina Stark
Alba Yerro
Anuj Karpatne 
Adrian Rodriguez-Marek

Students:
- Undergraduate: 2
- Master’s: 5

VT student dropping the PFFP BlueDrop on a windy day 
in Duck, NC.

Att endees, including NEEC students, of the Material 
Point Method workshop. Workshop focused on
numerical modeling with Anura3D. 

VT students learning how to deploy equipment of a LARC from personnel at the Army 
Corps Field Research Facility.

Virginia Polytechnic 
Institute and State 
University 
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Navy shipboard chillers, modular 
refrigeration units, and other vapor 
compression systems currently 
use hydrofl uorocarbons (HFCs) as 
refrigerants. The supply of HFCs may become constrained due to regulations 
aimed at reducing HFC usage to address environmental concerns. Thus, 
there is an urgent need to fi nd alternative refrigerants to ensure the Navy 
mission is not disrupted. This challenge requires engineers with specialized 
knowledge in refrigerants and chiller systems. However, as mechanical 
engineering curricula have expanded, students now receive limited training 
in air conditioning and refrigeration systems, often only covering these topics 
briefl y in introductory thermodynamics courses.

This project aims to equip students with both fundamental and applied 
knowledge to support naval research and operations. The program includes 
hands-on experiments with refrigerants, computational modeling of chiller 
systems, and online modules on specialized refrigeration topics. In 2023-
2024, the fi rst group of six undergraduate and graduate students built and 
commissioned a test facility to evaluate the heat transfer and pressure drop 
characteristics of potential replacement refrigerants during condensation and 
evaporation. The system can operate at pressures up to 300 psia and handle 
heat duties up to 10 kW using HFC and hydrofl uoroolefi ns (HFO) A1 and 
A2L refrigerants. In 2024-2025, a cohort of 10 undergraduate students have 
been using this facility to conduct experiments using the next generation of 
working fl uids.

In addition to the experimental work, the project involves developing 
thermodynamic models of centrifugal chillers and modular refrigeration 
units. A conceptual design for an HFC-134a centrifugal compressor was 
created to assess the impact on chiller performance using  non-toxic, non-
fl ammable refrigerant replacements, assuming no changes to existing 
components. Initial research results highlight the challenges of using 
"drop-in" refrigerant replacements in centrifugal systems. The educational 
modules developed through this project can be adapted and off ered to other 
organizations to implement similar training programs.

NSWC Philadelphia

Investigation of Low 
Global Warming Potential 
Refrigerant Alternatives
for Naval Chillers

Professor:
Brian Fronk

Students:
- Undergraduate: 16
- PhD: 1

PSU NEEC students adjust the operational point of 
an experimental setup.
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PSU NEEC students conduct condensation experiments with a novel refrigerant.

PSU NEEC student prepares to charge an experimental 
facility with refrigerant.

Pennsylvania
State University



The Navy uses a federal standard to 
design threaded connections. The 
provisions of this standard were 
developed long ago, and the original 
research from which the provisions 
were developed is no longer available for review, leading to uncertainty in 
design. Furthermore, applications of threaded connections have expanded 
beyond the original scope of the standard, raising questions about the 
applicability of the provisions to other cases. Given the need for effi  cient 
connections that achieve the high performance and service life demands 
of the marine environment, a reevaluation of the fundamental behavior of 
fasteners is warranted.  

The overall objective of this project is to experimentally validate the accuracy 
of existing design equations and create formative experiences for students 
that encourage them to pursue a career in naval engineering. The technical 
approach to achieve this objective includes the following: (1) developing and 
validating an experimental system and procedures for the precise evaluation 
of the tensile strength of fasteners; (2) performing experimental testing on 
a comprehensive suite of parameters for Grade 5 fasteners in the fi rst year 
and fasteners of other materials in subsequent years; (3) evaluating existing 
design equations and developing modifi cations as appropriate; and
(4) curating and archiving experimental data to ensure long-term availability. 
Throughout the project, engaging hands-on experiences for students will be 
created with the goal of increasing awareness and driving interest in careers 
in naval engineering. 

The following outcomes of this work are anticipated: (1) a wealth of data on 
the tensile strength of threaded fasteners will be generated; (2) equations for 
design will be either validated or improved, enabling bett er fastener designs; 
and (3) students not otherwise exposed to the fi eld of naval engineering will 
be provided with experiences that develop knowledge, skill, and interest in 
fastener design for naval systems.

NSWC Philadelphia

Validating and Advancing 
Fastener Design for Tensile 
Loads

Professor:
Mark Denavit

Students:
- Undergraduate: 5
- Master’s: 3

University
of Tennessee, 
Knoxville

Student performing wire measurements.
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Student preparing a bolt tension test. 

Student performing hardness test.
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As part of the Navy’s eff orts to advance 
fl eet readiness through scalable additive 
manufacturing (AM), we are investigating 
how material processing aff ects mechanical 
response in AM ferrous alloys, with focus on 
as-printed strength and part lifetimes. Ferrous 
alloys are essential components of on-ship infrastructure and materiel, but 
they require regular replacement and maintenance, which is logistically 
costly.  For the Navy, AM serves as a logistical accelerator, enabling the 
on-ship printing of serviceable parts based on operating need. However, 
to eff ectively utilize the fl exible design capabilities of AM, it is critical to 
understand how the mechanical properties of additively manufactured 
parts diff er from existing technically certifi ed systems. To explore strength 
of ferrous AM components, localized damage nucleation and progression 
in AM printed specimens is measured at the microscale in real time, 
using an approach known as Scanning Electron Microscope Digital Image 
Correlation (SEM DIC), which is coupled with high-resolution electron 
backscatt er diff raction (EBSD). With SEM DIC, specimen failure can be 
correlated directly to specifi c microscale structures in printed parts.  This 
information, along with associated print process parameters, can serve as 
a basis of comparison to current technically certifi ed forged and machined 
parts. From a characterization perspective, the nanoscale structure of these 
AM parts presents opportunities to resolve deformation behavior with 
SEM DIC on smaller scales than previously realized, with pixel resolutions 
reaching below 10 nanometers in length.   Additionally, the combination of 
SEM DIC and EBSD allows for multiscale comparison across several orders 
of magnitude in sample scale, allowing for detailed comparisons with 
existing technical certifi cations.  To date, studies on AM maraging steels have 
revealed print-structure-dependent plastic localization that contributes to 
lower macroscopic ductility and reduced performance.  This localization has 
been associated with print microstructure features smaller than 5 microns, 
motivating eff orts to further reduce the resolution of the technique for use 
on AM stainless steels.    This project’s fi ndings provide insight into the 
mechanical variability seen in AM steel parts, which will bett er inform future 
processing and expand the Navy’s industrial base to bett er achieve strategic 
defense objectives.

NSWC Port Hueneme

Understanding Processing-
Structure-Property 
Interactions in Additively 
Manufactured Ferrous Alloys

Professor:
Samantha Daly 

Students:
- Undergraduate: 3
- PhD: 1

University
of California,
Santa Barbara

CaptionCaptionCaptionCaption

Undergraduate student preparing AM specimens 
for testing.  

The micro-load frame which is less than 1 foot long, gets 
loaded into the microscope chamber by NEEC students 
so that samples can be tested under vacuum while being 
imaged by the electron beam.

NEEC Director Dr. Armen Kvryan (middle) with the SEM DIC loadframe, alongside
postdoctoral researcher Dr. Neal Brodnik (left) and NEEC student.
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Corrosion poses a 
signifi cant challenge 
to naval operations, leading to substantial maintenance costs, equipment 
failures, and safety risks. The US Department of Defense (DoD) incurs 
billions of dollars in corrosion-related expenses yearly, with the US Navy 
spending over $3 billion annually on maintenance. Beyond fi nancial costs, 
corrosion can compromise the structural integrity of naval vessels, aircraft, 
and critical infrastructure, aff ecting operational readiness and national 
security. This project aims to help the DoD build a more cohesive corrosion 
prevention and mitigation strategy.

This project, led by Clemson University, aims to revolutionize corrosion 
education and research through artifi cial intelligence (AI), virtual reality 
(VR), and advanced digital learning methods. The project aims to enhance 
early detection and mitigation strategies for naval assets by integrating 
AI-driven corrosion inspection and predictive modeling. Additionally, 
immersive VR-based education and hands-on problem-based learning (PBL) 
will provide engineers, maintenance personnel, and future naval leaders 
with the knowledge and skills needed to combat corrosion eff ectively. 
These innovative approaches will help the Navy build a more corrosion-
aware workforce, reduce maintenance costs, and improve the longevity 
and performance of critical assets. By addressing the existing knowledge 
gaps and modernizing corrosion research, this initiative will contribute to 
maintaining the technological superiority and operational readiness of the
US Navy and US Marine Corps.

NSWC Port Hueneme

Integrated Education
and Research in Corrosion

Professor:
Amir Poursaee
Kapil Madathil
Rahul Sai
Anand Gramopadhye 

Students:
- PhD: 2

Clemson
University

Graduate student utilizing SCEM to run tests and gather data points for simulation.

CaptionCaptionCaptionCaptionScanning electrochemical microscope (SCEM) that will be 
used to support hands on virtual training modules.
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The US Navy relies on advanced 
manufacturing techniques to maintain 
operational readiness and reduce supply 
chain vulnerabilities. Additive manufacturing 
presents a promising solution for fabricating 
and repairing critical components directly at 
the point of need. Among various additive 
manufacturing methods, fused fi lament 
fabrication (FFF) off ers a streamlined pathway for repair and rework through 
the existing workfl ow of 3D scanning that captures a detailed profi le of the 
damaged parts. This is followed by geometry generation, part fabrication, 
and patching. Therefore, rapid repair of damaged parts is possible through 
the AM process to fabricate one-off  pieces to uniquely match damage profi les. 
However, current FFF materials and processes have limitations, including 
poor mechanical properties, susceptibility to environmental degradation, 
and challenges in achieving the required structural and functional 
performance for Navy applications. This research focuses on developing 
an optimized FFF-based repair workfl ow for radar and communication 
system components, ensuring durability in harsh naval environments while 
maintaining radio frequency (RF) transparency.

This project aims to systematically investigate material selection, part design, 
and process parameters to enable the FFF fabrication of repair components 
that can withstand ultraviolet exposure, saltwater ingress, and mechanical 
stresses. A key application is the repair of radomes, which protect radar 
and communication equipment while allowing RF signals to pass through 
unimpeded. By identifying materials and processing techniques that enhance 
both mechanical durability and RF performance, this research supports the 
Navy’s vision for on-site, damage-specifi c, and on-demand manufacturing. 
Additionally, this eff ort will engage undergraduate and graduate students in 
hands-on research experience in design, manufacturing, and testing, thereby 
fostering a skilled workforce prepared to support future naval operations.

NSWC Port Hueneme

Tailoring Fused Filament 
Fabrication Processing for 
Naval Communication 
System Repairs

Professor:
Jutima Simsiriwong
Juan Aceros
Steven Stagon

Students:
- Undergraduate: 2
- Master’s: 2

University
of North Florida

CaptionCaptionCaptionCaption

Graduate student in Materials Science and
Engineering preparing a printer to fabricate
Ultem 9085 parts.

Graduate student in Materials Science and
Engineering analyzing the surface characteristics
of FFF Ultem 9085 parts.

Students in Mechanical Engineering showcasing their study on the eff ects of process
parameters and annealing on the mechanical properties of FFF Ultem 9085 at the 2025 Florida 
Undergraduate Research Symposium.
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