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1. Introduction 

The 5th Annual Postdoc and Early Career Research Day (5PECRD) was a US Army 
Combat Capabilities Development Command (CCDC) Army Research Laboratory 
(ARL) Postdoc Association (PDA) initiative to commemorate postdoctoral- and 
early-career-executed and -led research across CCDC ARL. The PDA is an 
organization that was established by and is composed of ARL postdocs and aims to 
elevate the experience of postdocs and early career researchers at ARL. The annual 
research day is the PDA’s annual flagship event to celebrate the research performed 
by our postdocs. 

The 5PECRD was held on September 16, 2020, and coincided with the 2020 
National Postdoc Appreciation Week (NPAW) in celebration of CCDC ARL’s 
postdoctoral cohort. Similar to NPAW, the goal of 5PECRD was to bring awareness 
to the important research being performed by postdocs and early career researchers 
across the organization, promote collaboration where suited, and create a space for 
postdocs to network within ARL. Mainly, the 5PECRD was a venue to celebrate 
and promote the postdoctoral and early career experience at ARL. 

This was the fifth iteration of this event and was held virtually on ARL Cafe. Owing 
to the virtual nature of the event, each presenter submitted a soundbite with an 
“elevator pitch” of their research in addition to the poster. The 5PECRD included 
a panel session where postdoctoral fellows interacted with CCDC ARL civilians 
with a diverse perspective of what enables success at the laboratory. Each of the 
panelists represented a different stage and trajectory of career and brought a unique 
and rich perspective to the discussion. The Outreach Office organized a social lunch 
with an ARL-inspired game of “Jeopardy”. This event was well received and 
provided newcomers with additional background information on the history and 
organization of the laboratory. 

A total of 30 postdocs presented posters, and many others attended other activities 
such as the Q&A panel and the invited keynote event. 

The 5PECRD objectives were as follows: 

• Recognize contributions from postdocs and early career researchers to 
current state-of-the- art research and discovery at CCDC ARL. 

• Foster collaborative research among postdocs with common research 
interests. 

• Serve as an interactive platform for postdocs and upper management. 
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• Provide insights into how to develop a successful career as an Army 
scientist. 

• Encourage a sense of belonging among early career researchers and 
postdocs within the research community at CCDC ARL. 

This Special Report provides a snapshot of the 5PECRD. An abstract book and 
limited number of contributed posters are published in Appendixes A and B. 

2. Engagement across the Laboratory 

A total of 30 postdocs and early career researchers presented posters and “elevator 
pitches”. Those who agreed to be included in this technical report are listed in  
Table 1 with their location and directorate affiliation. Although there was a 
reduction in the number of postdoctoral fellows across the lab, there was a slight 
increase in the number of abstracts submitted from 2019 (29 vs. 30) and 2017 (26 
vs. 30). The distribution across the directorates at Aberdeen Proving Ground (APG) 
and Adelphi Laboratory Center (ALC), Maryland, included 14 abstracts from the 
Sensors and Electron Devices Directorate (SEDD), 7 from the Weapons and 
Materials Research Directorate (WMRD), 7 from the Computational and 
Information Sciences Directorate (CISD), and 2 from the Human Research and 
Engineering Directorate (HRED). Trends observed in number of abstracts 
submitted per directorate can be observed in Fig. 1. A limited number of the 
abstracts and posters can be found in Appendixes A and B, respectively. 
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Table 1 List of postdoctoral fellows who presented at the symposium 

Presenter Directorate Location 
Ames, Daniel SEDD ALC 
Anwar, Ahmed CISD ALC/APG 
Baker, Anthony HRED APG 
Basak, Anjon CISD ALC/APG 
Callahan-Flintoft, Chloe HRED APG 
Clay, Anthony WMRD APG 
Cluff, Stephen WMRD APG 
Evangelisti, Benjamin WMRD APG 
Galanko, Mary Beth SEDD ALC 
Gervits, Felix CISD ALC/APG 
Guerieri, Philip SEDD ALC 
Hare, Zach CISD ALC 
Hayes, Cory CISD ALC/APG 
Karhu, Robin SEDD ALC 
Knick, Cory SEDD ALC 
Larkin, LeighAnn SEDD ALC 
McLeod, David WMRD APG 
Nguyen, Quang SEDD ALC 
Parameshwaran, Vijay SEDD ALC 
Price, Kate SEDD ALC 
Rohrabaugh, TJ SEDD ALC 
Sengupta, Jonah WMRD APG 
Sharma, Piyush CISD ALC 
Thomas, Richard SEDD ALC 
Vail, Owen SEDD ALC 
Vitullo, Dashiell CISD ALC 
Wilson, Adam SEDD ALC 
Winton, Alexander SEDD ALC 
Yeager, Michael WMRD APG 
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Fig. 1 Number of abstracts submitted to the postdoc research symposium over the past 3 
years (representation from the various directorates is shown) 

3. Hosting the Research Symposium Virtually 

Traditionally, this event is held onsite at either ALC or APG. The location is 
alternated each year to maximize accessibility. Owing to the COVID-19 pandemic, 
the symposium was held, for the first time, virtually. The poster session, panel, and 
invited keynote speaker were all hosted over a channel within ARL Cafe. The 
posters and elevator pitches were available on the channel for general viewing 
throughout the day. 

Virtual conferences have a disadvantage in that they offer no face-to-face 
networking, but there is increased accessibility for attendees and presenters. 
Additionally, it offers the broader ARL community, not present at the chosen 
location, to attend a select number of events for the day. This was advantageous for 
our invited keynote from Dr Patrick Baker, which a large audience at ARL attended. 

Additionally, presenters were asked to submit a 2-min “elevator pitch” along with 
their poster. This aspect was introduced after a series of discussions at PDA Town 
Halls where early career researchers and postdocs expressed interest in more 
opportunities to practice quickly summarizing their research to different 
communities. 
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Laser forming of compliant mechanisms 
Daniel Calvin Ames1, Gabe Smith1, Nathan Lazarus2 
1 FCDD-RLS-EM, 2 FCDD-RLS-CC 
Compliant mechanisms, inspired by the ancient art of origami are useful structures 
designed to replace traditional mechanical components. Such flexible mechanisms 
are created with 3D printing, milling, stamping, injection molding, and other ways. 
However, very thin complex mechanisms have been difficult to create in metal. The 
work of this research performed at ARL is to explore and quantify the use of lasers 
to cut and form metal compliant mechanisms. Lasers have been used to cut and 
bend metal, but up to this point just rigid structures have been created with laser 
forming. The presented work demonstrates five relatively simple compliant 
mechanisms adapted to be cut and formed by an Nd:YAG laser. Thin stainless steel 
sheet metal is used initially as the design medium. Models are also presented 
showing the anticipated displacement behavior for the stainless steel mechanisms 
when a force or moment is applied. The benefits and challenges of this technology 
are explored. Potential applications are also discussed. 
 
 
Software diversity for network security: A game theoretic framework 
Ahmed H. Anwar, Nandi Leslie, Charles Kamhoua, FCC-RLC-ND 
Diversity-based defenses are essential to network security, a negligible mechanism 
a few decades ago that has recently emerged as an intuitive approach that presents 
necessary concepts for resilience; these types of defenses introduce uncertainty and 
probabilistic protection from the attacker and provide a rich framework for 
diversifying program transformations. In this project, we investigate the advantage 
of software diversity in network security. Diversity increases the operational and 
configurational cost of the network, and hence, the network administrator 
encounters a trade off between network security and the cost needed to have a well-
diversified network. Such a trade off is studied in a two-player nonzero-sum game-
theoretic framework. In this game, the opponent (i.e., adversary) spends more effort 
to compromise a diversified network, and the game model studies the effect of 
diversity on network security under attack. An algorithm is presented to solve the 
game model and obtain the Nash equilibrium diversity strategy. The existence of 
Nash equilibrium as a security strategy for the defender is analyzed, and a software 
diversity algorithm is developed via embedding graph-coloring approach based on 
Nash equilibrium strategy for diversity. The complexity of the proposed algorithm 
is analyzed, and a complexity reduction approach is developed, which has shown 
to yield an almost exact reward for the defender, as verified via numerical results. 
Finally, numerical results are presented that validate the effectiveness of the 
proposed software diversity approach. 
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A toolkit for assessing communication in human-Autonomy teams 
Anthony L. Baker1, Daniel E. Foster2, Catherine E. Neubauer2, Sean M. Fizhugh3, 
Andrea Krausman3, Kristin E. Schaefer3 
1 FCDD-RLH-FD, 2 FCDD-RLH-FA, 3FCDD-RLH-FD 
Communication is the means through which team members build larger team 
dynamics that facilitate cohesion and trust while performing joint tasks. Thus, how 
we evaluate team communication can provide critical insights into effective 
performance. Although many communication-based measures have been tested and 
validated for human teams, this poster identifies key approaches for human-
autonomy teams, specifically those applicable to multi-size teams across a variety 
of military operations. This toolkit comprises four approaches for deriving critical 
information about how team interactions affect, and are affected by, cohesion, trust, 
and performance: 1) Aggregate communication flow, which can be quickly 
assessed to identify the proportion of a team’s communication accounted for by 
each possible combination of team members; 2) Relational event modeling, which 
allows for analysis of dynamic networks and reveals time-ordered trends and 
relationships that are not observable using aggregated approaches; 3) Linguistic 
similarity, which tracks synchrony between humans and autonomy, using 
information derived from communication content to inform how autonomy should 
adapt their communication styles; 4) Analysis of human team members’ voices or 
facial expressions, which we are developing to provide critical real-time detection 
of emotional states relevant to teamwork. These tools can be used to understand 
when trust and/or cohesion break down during a mission and when interventions 
are necessary to appropriately calibrate trust and cohesion, supporting the goals of 
the Human-Autonomy Teaming Essential Research Program and the Next 
Generation Combat Vehicle modernization priority. 
 
 
Deceptive maneuver in Multi-Domain Operations (MDO) using Multi-Agency 
Reinforcement Learning (MARL) to gather superiority over the adversary 
Anjon Basak, Derrik Asher, CISD-ISD-CUB 
Adversaries pose a security threat to national interests and resources. As a part of 
the defense strategy, the defender needs to use maneuvers to gain superiority in the 
Multi-domain Operations (MDO). However, adversaries are becoming smarter and 
resilient because of scientific and technological advancements. Superior resources 
alone are not enough to defeat them in MDO. The defense force needs to use 
autonomous strategic maneuvers using deception to gain superiority over the 
enemy as a part of the US Army’s modernization efforts in MDO. AI for 
Autonomous Maneuver and Mobility (AIMM) is an Essential Research Program 
(ERP) that focuses on enabling the Next Generation Combat Vehicles (NGCVs) 
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with autonomous mobility and maneuvering capabilities. These future autonomous 
systems will have to predict and plan in collaboration with human agents and 
provide support to them by autonomously maneuvering in MDO. Our objective is 
to use collaborative strategic maneuvers that utilize deception in reconnaissance 
and combat activities in MDO to gain advantages over the adversary. In this paper, 
we present a road map to address the alignments of objectives between AIMM and 
Multi-agent Reinforcement Learning (MARL) for autonomous maneuvering. Then 
we present a classification of MARL algorithms and their trade-offs in MDO to 
give a deeper insight into the most promising MARL algorithms. Then we present 
a methodological road map with a timeline on how the most promising MARL 
algorithms can be further improved (e.g. incorporating deception) to address the 
algorithmic shortcomings in the way of gaining superiority over the enemy. 
 
 
RAGNAROC: A computational to understand how attentional mechanisms 
will respond to augmented reality displays 
Chloe Callahan-Flintoft1, Michael Guess2, Gabriella B. Larkin3  
1 FCCD-RLH-FC, 3 FCDD-RLD-D 
A soldier’s field of view offers a complex and dynamic array of visual information. 
Reflexive spatial attention is thought to be the collection of mechanisms by which 
the brain prioritizes some information over others for enhanced processing. This 
form of attention has been shown to be guided by both the bottom-up saliency of a 
stimulus (Theeuwes, 1994) and one’s top-down goals (Folk, Remington, & 
Johnston, 1993). The Reflexive Attention Gradient through Neural AttRactOr 
Competition (RAGNAROC), is a framework by which to understand how the brain 
mediates between these two factors. The model uses hierarchical neural circuits 
specifically adapted for rapid, parallel decision making to simulate how locations 
of the visual field compete for attention. The result of this competition is an 
excitatory attractor state established at attended locations and suppression applied 
to others. The current work demonstrates how the model is able to account for 
seemingly conflicting results in the literature (i.e. how some experimental 
paradigms show evidence of attentional capture while others show evidence of 
suppression to salient distractors) by simulating both behavioral and 
electrophysiological patterns found in experimental data. With the introduction of 
augmented reality, it is now possible for artificial intelligence systems to direct a 
Soldier’s visual attention to task relevant locations or potential threats. 
RAGNAROC demonstrates how certain displays may in fact encourage the 
suppression of information rather than its enhancement by generating explicit 
predictions of users’ eye movement patterns when information is overlaid on a 
dynamic scene. 
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Development of Michael addition binder system for additive manufacturing of 
energetic materials 
Anthony M. Clay1, Joshua R. Mitchell1, David M. VanOosten1, Ian M. McAninch1, 
John J. La Scala1, E. Jason Robinette2 
1 FCDD-RLW-MD, 2 FCDD-RLW-D 
Theoretical predictions show that 3D printed geometries can result in improved 
performance, increasing muzzle velocity and range of munitions. As a result, we 
are developing 3D printing resins with high loadings of energetic solid particles 
where the resin cures quickly after being deposited by the printer. However, binders 
for energetic composites necessitate material properties not commonly encountered 
in commercially available materials, such as glass transition temperatures below  
-40 oC and elongation upwards of 100%. While photochemical techniques feature 
amongst the fastest cure kinetics, high solids loading and high viscosities are 
problematic for such manufacturing methods. Ambient reactive extrusion (ARE) 
has displayed the ability to extrude highly viscous material which allowed the 3D 
printing of polymers based on isocyanate chemistry. 3D printing of acrylates would 
reduce toxicity and mitigate safety concerns associated with isocyanates. 3D 
printing solely based on acrylate Michael addition chemistry has yet to be realized. 
In this study amine acrylate binder systems are developed for 3D printing of 
energetic materials. Synthesis of novel binders primed for superior reactivity 
allowed for the tailoring of both reaction kinetics and material properties. 
Investigations unveiled an inversely proportional relationship between gel time, 
which correlates with rate of polymerization, and molecular weight between 
crosslinks. Printable resin mixtures were formulated and successfully printed into 
representative rocket propellant cylinder geometries with a center perforation of 12 
mm and a height of 30 mm. Initial knowledge gained from the inert binder system 
spurred the development of energetic binders of similar chemistry that have the 
potential to further increase the velocity and range of munitions. 
 
 
Reconstruction of prior Austenite in high-strength AF96 steel 
Stephen Cluff 1, Andelle Kudzal2, Daniel Field2, Vikas Sinha3 
1 FCDD-RLW-MD, 2 FCDD-RLW-MF, 3 Air Force Laboratory, Materials and 
Manufacturing Directorate, ARFL/RXCM, Wright-Patterson Air Force Base 
Awarded Best Poster. 
The prior Austenite microstructure of room-temperature steel can be obtained 
computationally from EBSD data. This “reconstruction” of the prior-phase 
microstructure depends on a crystallographic orientation relationship between the 
parent and daughter phases. The ability to perform this reconstruction allows for 
the observation of aspects of austenite texture that are difficult to observe directly. 
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Such reconstruction techniques thus provide additional ways to quantify the effect 
of processing schemes on the final room temperature of steel. A novel high-strength 
steel designated as AF9628 is the subject of present reconstructions. The current 
work presents and compares the reconstructions of both wrought and additively 
manufactured AF9628. The usefulness of prior austenite reconstruction to survey 
the microstructure of additively manufactured AF9628 is discussed. 
 
 
The effects of surface functionalization on the diffusion of Oxygen into the 
Aluminum oxide shell of Aluminum nanoparticles 
Benjamin Evangelisti1, Chi-Chin Wu2 
1Dept. of Chemistry, The Pennsylvania State University, 2 FCDD-RLW-WA 
Awarded best elevator pitch. 
This work explores the effects of different small molecules on the oxidation of 
aluminum nanoparticles (nAl) via reactive molecular dynamics (MD) simulations. 
This comparative study of nAl surface functionality and its roles in oxygen 
diffusion is important because carbon-functionalized nAl shows increased 
reactivity in experiments despite a passivating amorphous aluminum oxide (Al2O3) 
shell forming at its surface. An ARL built-in-house, Python-based software 
package, the Composite Model Builder and Analysis Toolkit (COMBAT), was 
utilized in conjunction with the Large-scale Atomic/Molecular Massively Parallel 
Simulator (LAMMPS) to generate models and perform MD simulations of 
reactions between select small molecules and the nAl surface using the reactive 
force field (ReaxFF). Multiple model samples with different aluminum oxide layer 
thicknesses were created with different experimentally-determined carbon-
containing small molecules adsorbed to the oxide surface in an oxygen-rich 
environment utilizing the Al/O ReaxFF potential. Preliminary results show the 
resulting carbon surface-coating is highly localized to within 0.5 nm of the surface 
and reduces diffusion rates of oxygen into the aluminum oxide layer. When this 
surface coating is prepared using water instead of a carbon-containing species, the 
surface-coating is localized directly at the surface and further reduces the ability of 
oxygen to diffuse into the oxide layer. This work validates hypothetical 
mechanisms derived from existing experimental evidences and provides insights 
for the effects of surface modification and coating on oxidation diffusion into the 
oxide layer of nAl. 
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Quartz piezoelectric resonators for RF front-end applications up to 200 MHz 
Mary Beth Galanko1, Sarah S. Bedair1, Daniel A. Diamond1, Ryan Rudy2, Victor 
Farm-Guoo Tseng1, Jeffrey S. Pulskamp2, Iain Kierzewski1 
1FCDD-RLS-CC, 2 FCDD-RLS-EM 
This work investigates the performance of AT-cut quartz resonators as one-port and 
two-port voltage gain devices for wake-up receiver applications. Wake-up receivers 
enable persistent, distributed communication at “near-zero” power (< 100 nW), 
serving a variety of applications from consumer “Internet of Things” (IoT) to Army 
environment monitoring. Unattended ground sensors can greatly benefit from 
wake-up radios because they enable reduced power consumption and limit the 
frequency of battery replacement. Given demands of high sensitivity, minimizing 
power consumption and false-alarm rate remains a challenge in WUR design. The 
piezoelectric devices in this work offer passive voltage gain, impedance matching, 
and high-Q resonant filtering in the wake-up radio front-end. These quartz 
resonators are fabricated in a mature, commercially available process, promoting 
widespread integration into radio-frequency (RF) wake-up receivers (WURs). At 
50 MHz, various 1-port resonators demonstrate voltage gains >100x (referenced to 
50 Ω) in direct measurements using a high-impedance active probe. These devices 
have quality factor (Q) up to 140,000 and electromechanical coupling �𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒2 � up to 
0.445%. A similar 1-port quartz resonator design at fs∼ 75 MHz shows gain over 
300 V/V (referenced to 50 Ω) and Q around 335,000 at a ∼60 fF load. This device 
has the highest voltage gain directly measured to date in a piezoelectric 
micromechanical resonator. Furthermore, recent measurements show that high gain 
and Q are possible at up to 200 MHz, making this technology a promising option 
for WuRs over a wide frequency range. 
 
 
Exploring how robots should ask questions to maximize learning 
Felix Gervits, FCDD-RLC-IT 
Robots working alongside humans in novel environments will readily come across 
objects, actions, and tasks that they do not know about. As a result, mechanisms are 
needed for the robots to learn about these novel concepts through dialogue with 
humans. In order to inform the development of algorithms to address this problem, 
we are conducting a human-subjects study to understand how robots (controlled by 
humans) ask questions to maximize learning. Due to current restrictions on in-
person experiments, the study will be conducted online through Amazon 
Mechanical Turk. However, to maintain an interactive element in the study, we 
have developed a software framework which allows online participants to 
communicate with an experimenter in real time in an immersive 3D environment. 
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Participants will perform a collaborative task in which they play the role of a robot 
on board a simulated spacecraft, while communicating with a Commander (an 
experimenter). The Commander will instruct the participants using novel concepts 
(e.g., “Place the modular spanner in locker A”), and we are interested in exploring 
the kinds of questions people (playing the role of a robot) will ask to clarify these 
instructions. The study is exploratory, and we hope to elicit a variety of question 
types including questions about object properties (e.g., size, color, etc.), spatial 
orientation, procedural knowledge, and others. Our working hypothesis is that 
human-generated questions from this study design can be used by robots to 
effectively learn new concepts. 
 
 
Detonation of porous Silicon nanoenergetics 
Philip M. Guerieri1, Wayne A. Churaman1, Brian Fuchs2 
1 FCDD-RLS-EM, 2FCDD-ACD-IM 
Use of nanothermite metal-based energetics for increased energy density in 
explosives has been limited by their failure to react on detonation-relevant time 
scales and hazards associated with nanoparticle powders. Porous silicon (PS) can 
be fabricated in safer micro- and macroscale formats with specific surface areas 
exceeding many common energetic metal nanopowders and can be integrated 
directly on-chip for safe manufacture alongside electronics and MEMS for next-
generation initiators in modernized munitions. PS infilled with sodium perchlorate 
oxidizer is also theorized to be a detonable explosive, which has garnered interest 
based on its particularly high theoretical detonation energy. The existence of 
detonation in energetic porous silicon remains contested and would be the first 
known case of detonation in an exclusively metal fueled formulation. This work 
presents calculations conducted using Cheetah thermochemical code which predict 
unique detonation performance characteristics of PS/sodium perchlorate 
composites (1.7-2.5 km/s detonation velocity; 0.73-1.4 GPa C-J pressure; 0.8-2.0 
mass-based TNT equivalent detonation energy), including the existence at some 
porosity levels of a sonic pre-compression wave ahead of the detonation, highly 
atypical of detonating materials. Preliminary experimental observation of this pre-
compression wave by schlieren high-speed imaging is also presented. Published 
experimental propagation speeds agree well with maximum detonation 
performance computed by Cheetah, thereby supporting that energetic PS can and 
may already be detonating in experiments. While low relative to conventional 
explosives, the detonation pressures predicted are over 50 times greater than 
pressures estimated in reactions of fast-burning nanothermites. The high detonation 
speed predictions for PS (>1.5 km/s) also persist at densities up to 1.4 g/cc, whereas 
nanothermite burn rates drastically fall off with densification. Among metal-based 
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composite energetics, explosive porous silicon therefore exhibits the most promise 
for replacing primary explosives at reasonable densities in igniters and initiators on 
the basis of reaction rate and detonation pressure. 
 
 
Communication constrained learning for distributed hypothesis: Testing with 
uncertain models 
James Zachary Hare, Lance Kaplan, FCDD-RLC-CA 
This work considers the problem of distributed classification with a group of 
heterogeneous agents connected over a social network. This problem is abstracted 
to a distributed hypothesis testing problem, where the agents collaborate 
sequentially to collectively agree on the hypothesis that best matches the model of 
the ground truth target class. Each agent constructs, shares, fuses, and up-dates a 
belief for each hypothesis in a non-Bayesian framework. However, we consider 
that the underlying model of each hypothesis is uncertain, due to the agents’ having 
limited access to training samples. Furthermore, we consider that the network of 
agents are deployed into a band limited environment, requiring limited 
communication that creates a highly dynamic network. To accommodate for these 
challenges, we first present the concept of uncertain models, which incorporates the 
agent’s epistemic uncertainty in the probability distribution of each hypothesis. 
Then, we propose an event-triggered communication protocol that only transmits a 
belief for a hypothesis if new information has been incorporated since the previous 
communication time. We then adapt the agents’ belief update rule to accommodate 
for limited communications. We experimentally validate that the proposed solution 
allows the agents beliefs to converge within a neighborhood of a network with full 
communication, while significantly reducing the amount of transmissions. This 
work impacts the Army since it may be applied to expeditionary missions in the 
future, where a network of soldiers and/or agents collaborate together for situational 
awareness in highly dynamic environments. 
 
 
Preference learning for autonomous ground robot navigation tasks 
Cory Hayes, FCDD-RLC-IT 
A critical component of teamwork is the ability of group members to understand 
and predict the intention behind the actions of other members to ensure that the 
team works as one cohesive unit while addressing multiple subtasks 
simultaneously. For robots to effectively team with humans, they will need to be 
considered trustworthy, and two critical elements of robot trustworthiness are 
reliability and predictability. An autonomous robot that performs the same actions 
repeatedly may be predictable but not necessarily reliable, especially if it executes 
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those actions in a vacuum completely unaware of team behavior or environment 
dynamics. However, an intelligent robot teammate that can learn to adapt to the 
needs of the team and changes in the environment could prove to be a valuable asset 
that minimizes user burden. 
 
The overall goal of this work is to first focus on adaptation based on teammate 
needs by adding a motion planning component for autonomous robot navigation 
that takes into account the user’s preferences for how navigation should be carried 
out, and evaluate its effectiveness in an environment exploration task where the 
user gives verbal instructions. We seek to combine human-robot interaction and 
preference-based reinforcement learning so that an autonomous robot can learn to 
adapt its behavior based on how the user has reacted to the robot executing previous 
instructions and the processing of simple environment features. 
 
 
Annealing behavior of point defects and defect complexes in electron 
irradiated 4H-SiC 
Robin Karhu1, Daniel Habersat2, Donald Fahey1, Albert Burk1, Brenda VanMil1  
1 FCDD-RLS-SQ, 2 FCDD-RLS-ED 
Point defects in wide bandgap semiconductors have in recent years attracted interest 
for their spin coherence properties (1). The most well studied example is 
substitutional Nitrogen with a nearest neighbor vacancy (NV) complex in diamond. 
Similar properties can be found in point defects in other wide bandgap 
semiconductors such as Silicon Carbide (SiC). Benefits of using Silicon Carbide as 
opposed to diamond is the much more mature manufacturing process, such as 
commercially available substrates and homoepitaxial layers up to 150 mm in 
diameter and electronic devices such as MOSFETs. Using the point defects is SiC 
has the benefit of merging existing processing capabilities with emerging quantum 
information technology. 
 
The defects of interest in SiC are the Silicon vacancy (VSi) and the divacancy 
(VSiVC) (1-3). These defects are created by irradiating SiC samples with electrons 
followed by annealing at different temperatures. At the moment there is a lack of 
understanding in the creation process of these defects. In this work the defect 
evolution in SiC homoepitaxial layers irradiated with electrons are tracked using 
Deep level transient spectroscopy (DLTS) and photoluminescence (PL). The study 
will compare DLTS and PL spectra as a function of temperature and electron 
irradiation dosage. 
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(1) Weber, J.R., et al., Quantum computing with defects, Proc. Natl. Acad. Sci. 
USA, 2010. 107(19): p. 8513-8. 
(2) Son, N.T., et al., Divacancy in 4H-SiC, Phys Rev Lett, 2006. 96(5): p. 055501. 
(3) Janzén, E., et al., The silicon vacancy in SiC, Physica B: Condensed Matter, 
2009. 404(22): p. 4354-4358. 
 
 
Stimuli-Responsive phase-change materials for adaptive imaging systems 
Cory R. Knick1, Adam A. Wilson2, Gabriel L. Smith3, Daniel Jean3  
1RDRL-SER-L, 2 FCDD-RLS-CP,3 FCDD-RLS-EM 
Stimuli-responsive phase change materials are classified by their ability to adapt or 
reconfigure in response to external stimuli (temperature, light, pH, 
magnetic/electric fields, etc.) and will enable the next generation of adaptive 
imaging systems. Phase-change materials can serve as the foundational building 
block of microactuators which can be used to dynamically reconfigure optical 
elements to enable reconfigurable imagers with multi-functionality. Application 
spaces for these materials encompasses variable light transmission, MEMS 
micromirrors, laser beam steering, adaptive optics, spatial light modulators (SLM), 
micro-robotics, and actuation. Current efforts explore vanadium dioxide (VO2), and 
metallic shape memory alloys (SMA), but future emphasis on other novel material 
classes or metamaterials is also of interest to enable fast, tunable light filters. 
Research in the Imaging Technologies Branch at NVESD focuses on novel device 
architectures to enable proof on concept demonstrations and fundamental materials 
research and nanofabrication techniques to tailor specific material properties. 
Thermal property measurements (like those based on TDTR and FDTR) on the 
nanoscale will help enable improved device modeling, simulation, design, and 
performance. Transition pathways for these research efforts include Next 
Generation Combat Vehicle (NGCV) and Integrated Visual Augmentation Systems 
(IVAS). 
 
 
Compositionally-mixed interfaces and thermal boundary conductance at Pt-
silicide/Si Interfaces 
LeighAnn Larkin1, Pamela Norris2 
1 FCDD-RLS-ED, 2 Dept. of Mechanical and Aerospace Engineering, University 
of Virginia 
As devices continue to shrink in size towards the nano-length scale, solid-solid 
interfaces serve as a primary scattering center for energy carriers (phonons), often 
creating a thermal bottleneck within the device. The optimization of thermal 
boundary conductance, hBD, at solid-solid interfaces is complicated by the innate 
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phonon spectra of materials, which limits the theoretical maximum hBD achievable 
for a solid-solid interface. To offset this constraint, researchers have shown that 
inserting a thin interstitial layer with intermediate vibrational properties can serve 
as a “phonon bridge” and enhance hBD(1). Compositionally-graded interfaces 
present the opportunity to transition the phonon density of states and have been 
predicted to potentially enhance hBD by 300% at vibrationally mismatched 
interfaces(2). 
 
A series of Pt-based metallic silicides/Si interfaces were annealed to encourage 
diffusion and the formation of intermetallic compounds within the interfacial 
region. The films and the interfacial regions were characterized through x-ray 
photoelectron spectroscopy and the resulting hBD values were measured with time-
domain thermoreflectance. The thermal boundary conductance values were directly 
correlated to the size of the interfacial region and the thermal boundary conductance 
could be enhanced by up to 60%. The thermal boundary conductance values were 
also dependent upon the transition rate and phase composition of the transition 
layer. Overall, the results support that the thermal boundary conductance can be 
enhanced by promoting a compositionally-mixed gradient at the interface. Utilizing 
purposeful mixing layers at an interface remains a promising avenue for controlling 
the thermal boundary conductance at alloy/semiconductor interfaces ubiquitous in 
microelectronic devices. 
 
 
(1) J.L. Smoyer, PhD Thesis, University of Virginia (2015). 
(2) R. Rastgar, et al., Nanoscale, 13, pp. 6254- 6262. (2019). 
 
 
Concept of self-phased elements in reflectarray and transmitarray antenna 
Quang M. Nguyen, Amir I. Zaghloul, FCDD-RLS -RR 
Antennas are key elements in Army communication systems, with the main 
function of the generation, transmission, and propagation of modulated 
electromagnetic (EM) waves. Among different types of antenna, the reflectarray 
and transmitarray antenna have received considerable attention in the RF 
community due to high-gain, broadband, light-weight, and low-cost. Compared to 
traditional phased array antenna, their spatial feeding method does not suffer the 
insertion loss of a feed network. Instead, the desired phase shift from each element 
can be obtained by tuning the dimensions of the element around its resonant size. 
This approach also results in fixing the direction of the main beam, which 
substantially limits the applications of the reflectarray and transmitarray antenna in 
the Army. 
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In this work, we propose a concept of self-phased elements used in the reflectarray 
and transmitarray antenna. Since each antenna element has self-phasing capability, 
this would enable beam-steerable in the array system. Self-phasing results from 
dynamically controlling the effective permittivity of the antenna substrate. We 
explore tuneable dielectric substrates by applying a DC bias to the material. A DC 
bias introduces a current that can alter a dielectric’s electrical properties. We 
incorporate the use of meandering line or inter-digitated concepts into the design to 
increase the effective aperture while still achieving a sub-wavelength element 
design (λ0/4 - λ0/6). The new design element is more compact than the element used 
in the conventional reflectarray and transmittarray antenna designs, which are 
typically a half-wavelength (λ0/2) in dimension at the center frequency of the band 
of operation. Depending on the criteria, the element may be configured in stacked 
layers to achieve the full 360o tuneable phase range. 
 
 
Photoelectrochemistry of III-V epitaxial layers and nanowires for solar energy 
conversion 
Vijay Parameshwaran, FCDD-RLS-CC 
III-V materials, which exhibit high absorption coefficients and charge carrier 
mobility, are ideal templates for solar energy conversion applications. Historically, 
their use has been limited to multijunction stacks for high-efficiency and high-cost 
concentrator photovoltaics. Recent research has explored utilizing epitaxial III-V 
crystals as light absorbers for driving a variety of chemical reactions to generate 
hydrogen and hydrocarbons as fuels. The ability to grow single crystal nanowire 
morphologies of these materials opens up the design space to obtain higher 
efficiency electrodes and stand-alone photocatalysts that utilize less materials for 
consumption. A basis in development of III-V layers and nanomaterials for solar-
driven chemical reactions is the junction between the semiconductor and the 
electrolyte. 
 
This work describes the photoelectrochemistry research in several III-V/electrolyte 
junctions as an enabler for device design for solar chemical reactions. Epitaxial 
phosphide layers are grown on silicon and GaAs to show an extended space charge 
design to improve the quantum efficiency of heterojunction photocathodes (1). 
Studies on microstructured and nanostructured forms of GaN show insights to how 
morphology determines the nature of the electrochemical junction (2). 
Electrochemical photoeffects on both InP and InN nanowires provide a basis on 
how nanostructured forms of these semiconductors can be engineered for solar fuels 
while providing fundamentals on the interface (3). The nanowire engineering has 
also extended to the GaP nanowires, grown on both silicon and GaAs. Finally, work 
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on integrating GaAs nanowires with ALD nickel oxide catalysts has led to the first 
demonstration of OER in this materials system (4). 
 
 
V. Parameshwaran et al., Journal of the Electrochemical Society, 163 (8), pg. 
H714-H721 (2016). 
V. Parameshwaran et al., Journal of the Electrochemical Society, 163 (10), pg. 
H958-H963 (2016). 
V. Parameshwaran et al., ACS Applied Materials and Interfaces, 8 (33), pg. 21454-
21464 (2016). 
J. Zeng, V. Parameshwaran, X. Xu et al„ Journal of Electronic Materials, 47(2), 
pg. 932-937 (2018). 
 
 
Porous Silicon inks for safely 3D printed explosive structures 
Kate Price, Philip M. Guerieri, Wayne A. Churaman, FCDD-RLS-EM 
Emerging additive manufacturing technologies have the potential to drastically 
modify fabrication of energetic systems in military applications. Rapid prototyping, 
spatially graduated material properties, and cost effective structure-function 
controls in printed propellants and explosives are driving rapid feedstock and ink 
formulation research, especially using experimental nanoscale reactive ingredients 
including nanothermites. At the nanoscale high specific surface area can facilitate 
extreme interfacial mixing of fuel and oxidizer components required for particle 
composite energetics to reach reaction rates relevant to propellants or even 
explosives. However, metal fuel nanoparticles including aluminum and boron 
continue to react in such formulations too slow to participate in explosive 
detonations due to native oxide passivation layers and nanoscale powders pose 
significant safety hazards. Microparticles of porous silicon (PS) featuring nanoscale 
porosity offers a fuel alternative at or exceeding the specific surface area of 
nanoscale powders for safer handling. Hydrogen termination on silicon also 
replaces native oxide passivation with an energetic surface chemistry for high 
active silicon content. This work describes recent efforts for fabricate PS feedstocks 
and formulate 3D printing inks for deposition of polymer bound PS particle 
structures. A unique benefit of existing on-chip energetic PS is maintained with this 
print method: the material is deposited without an oxidizer component in a safe 
non-reactive form. After drying, an activation solution with sodium perchlorate 
oxidizer can be applied to infiltrate the structure at the nanoscale within PS pores 
and react with flame speeds exceeding 1 km/s. This work has the potential to 
replace primary explosives in igniters and initiators with a scalable cost-effective 
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alternative suitable for MEMS integration and unparalleled performance tuning by 
formulation and structure. 
 
 
Synthesis and characterization of novel, broadband nonlinear-absorbing 
chromophores 
Thomas N. Rohrabaugh, Jr., Ryan M. O’Donnell, Trenton R. Ensley, Michael J. 
Ferry, and William 
M. Shensky III, FCDD-RLS-RL 
Due to their tunable photoreactivity and light absorbing properties, organometallic 
iridium(III) complexes have a wide variety of applications such as phosphorescent 
dopants in organic light emitting diodes (OLEDs), chemical sensing, light 
harvesting for solar cells, and photodynamic therapy. Particularly, our team is 
interested in their non-linear optical (NLO) properties such as reverse saturable 
absorption (RSA) and two-photon absorption (2PA). Our objective is to utilize the 
ARL RSA Material Development Loop to design, synthesize, and characterize 
organometallic iridium(III) complexes that exhibit panchromatic absorption in the 
ground state and excited state, resulting in panchromatic RSA agents. The 
methodology for material design and an example of a series of iridium(III) 
complexes, structure [IrIII(C∧N)2(acac)]0 (where acac = acetylacetonate and C∧N = 
2-phenylquinoline, 2,4-diphenylquinoline, 6-nitro-2-phenylquinoline, or 6-nitro-
2,4- diphenylquinoline) will be discussed in detail herein. 

 
 
High speed detection characterization of event-based sensors 
Jonah Sengupta, Benjamin Linne, RDRL-WMP-D 
Event-based sensors have demonstrated latencies on the scale of 1-10 microseconds 
making the technology an energy-efficient, lightweight option for real-time, high 
speed object detection and tracking. Research has been conducted to characterize 
the sensor’s abilities to detect high-speed objects in a controlled-environment to 
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establish performance upper limits and induce what on-chip channels and physical 
mechanisms act as bottlenecks. A configurable LED strip with user interface was 
designed and implemented to extract this detection cutoff in a lab-controlled 
environment. Since the event-based sensor responds to changes in intensity, 
switching on individual LEDs consecutively simulates the effect of an object 
moving across its field of view. A user-interface was embedded into the LED strip 
to allow for customization of the simulated projectile’s “velocity”. After calibrating 
the sensor, the detection limit was systematically extracted by increasing this 
velocity from 50 to 1000 m/s in rough increments. Using a custom signal processing 
algorithm, the location of the projectile tip was extracted. By tracking the number 
of average tip positions over the range of recorded shot velocities, linear 
extrapolation shows the absolute limit of the event-based sensor to be 1450 m/s. 
Faster speeds and more recordings can be used to verify this conclusion. 
 
 
Data encoding for information camouflage to improve C2 decision-Making in 
multi-domain environment 
Piyush K Sharma, FCDD-RLC-IB 
The military is investigating methods to improve communication and agility of 
networks in its multi-domain operations (MDO). Nascent popularity of Internet of 
Things (IoT) has gained traction in public and government domains. Its usage in 
MDO may revolutionize future battlefields and may enable strategic advantage. 
While this technology offers leverage to military capabilities, it comes with several 
challenges with increased uncertainty and security risk. A key question is how to 
address these uncertainties? Recently published studies proposed information 
camouflage technique to transform information from one data domain to other. As 
this is comparatively a new approach, we investigate challenges of such 
transformations and the associated uncertainties, specifically unknown-unknowns 
to improve decision-making. 
 
 
Solid state power emulator to evaluate 𝟏𝟏

𝟐𝟐
 H-Bridge Module 

Richard Thomas, FCDD-RLS-DP 

The next step beyond single device evaluation is the evaluation of multiple devices 
or modules used to enable operation of high power motors, inverters and converters. 
The challenge with testing multiple devices is the increased power supply and load 
capacity required for proper evaluation. To evaluate multiple MOSFET’s in the 1

2
 

H-bridge circuit configuration running at 600V, 50A at 10kHz with an on-time no 
less than 80% under normal testing conditions would require a 30kW power supply 
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and a load to handle such power. To significantly reduce the needed power supply 
and load to handle this evaluation the Solid State Power Emulator (SSPE) 
underwent an upgrade from testing a single device to testing a 1

2
 H-bridge circuit. 

Using this upgraded SSPE for the 1
2
 H-bridge evaluation, the testing only requires 

∼5 kW power supply which is approximately an 83% power savings. The goal of 
this research is to compare and evaluate different devices, their heat management 
and analog testing for low inductance 3 phase AC motors. 
 
 
α-Sn Magnetotransport devices 
Owen Vail, Patrick Folkes, Patrick Taylor, George de Coster, FCDD-RLS-DE 
The large spin-orbit coupling of diamond-cubic α-Sn shows great promise for 
magnetic memory devices along with its topological band structure and single-
element nature. As such, consistent high-quality growth on insulating CdTe opens 
the doors to unconventional electronics using a widely available source material. 
After verifying epitaxial growth of our films, we perform transport measurements 
to characterize the electronic carriers in the material. We identify two-channel 
transport and semimetallic behavior in thicker samples, while thinner samples that 
approach the topological insulator regime are dominated by impurities resulting 
from the particulars of growth on the CdTe substrate. We apply a field effect gate 
voltage in order to modulate the channel between majority n-type and majority p-
type carriers and further characterize its behavior under large magnetic fields. 
Careful preparation of the CdTe surface before growth is considered crucial to 
attain a low residual density and accessible topological states on an insulating 
substrate. This work readily lends itself to the development of topologically enabled 
devices for fieldable applications such as low power magnetoelectronics. 
 
 
Toward optical interfaces for quantum networks: Characterization of optical 
coupling between SNAP microresonators and tapered optical fibers 
Dashiell L. P. Vitullo, FCDD-RLC-NT 
Quantum information networks offer fundamentally novel information processing 
and distribution capabilities with potential applications including secure 
communications and distributed sensing. Quantum light can be viewed as a 
resource for communicating quantum information through- out such networks, but 
its fragility is a major challenge. New equipment capable of routing and storing 
quantum light without losing or breaking it must be developed. Optical 
microresonators are a promising platform for routing and storing quantum light, as 
they offer ultra-low loss and high-efficiency interfacing between existing low-loss 
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optical fiber networks and sources of quantum light (e.g. atoms, nonlinear optics). 
The surface nanoscale axial photonics (SNAP) platform in particular boasts sub-
angstrom fabrication precision and demonstrated slow tunability. To develop 
minimal-loss systems, a characterization scheme that measures and validates the 
loss and coupling strength between a microresonator and an optical fiber is 
required. Here, we review our methodology for robust partially-automated 
characterization of evanescent optical coupling between a SNAP microresonator 
and a tapered optical fiber, and describe our vision of utilization of fast all-optical 
microresonator control to realize optical interfaces in quantum networks. 
 
 
Phonon transparency at high interface density of nanolaminate thin films 
Adam A. Wilson1, Darin J. Sharrar1, Ronald Warzoha2, Andrew Smith2 
1 FCDD-RLS-DP, 2 Dept. of Mechanical Engineering, US Naval Academy 
Interface thermal resistance contributes significantly to the overall thermal 
resistance experienced in electronic devices and packages. The ability to 
manipulate thermal resistance at interfaces is paramount to the development of 
electronics relevant to the Army, which are constantly in pursuit of electronics 
capable of delivering more power at faster switching speeds. On the opposite side 
of the thermal spectrum, temperature detection is a critical domain that relies on 
strong changes in temperature with small heat inputs, which corresponds with high 
thermal resistance. Therefore, if thermal resistance can be tailored by simply adding 
material interfaces from the same materials that are typically used in sensors, 
thermal resistance can be increased and sensitivity of the detector can be enhanced. 
In this study, we report the effect of increased interface density on the measured 
effective thermal conductivity of nanolaminate thin films, compare with a semi-
analytical diffuse mismatch model (DMM), and discuss the effect of phonon 
transparency on how heat propagates across heterogeneous material interfaces. It is 
determined that at interface densities above 10 µm−1, thermal resistance begins to 
deviate significantly from the DMM predictions, but that experimentally measured 
effective thermal conductivity at 100 µm−1 is >2.5× reduced compared with the 
case where interface thermal resistance plays no role in the measured effective 
thermal conductivity (1.08±0.06 Wm−1K−1 vs 2.63± 0.11 Wm−1K−1), but is still 
much larger than the value predicted by DMM (0.44 Wm−1K−1). The insights of 
this study are useful to tailor thermal properties of devices on both the high thermal 
conductance and low thermal conductance side. 
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Antibody-Recruiting protein-catalyzed capture agents as a therapeutic for 
COVID19 
Alexander Winton1, Matthew Coppock1, Sanchao Liu1, Bert T. Lai2, Anders 
Eliasen2, Matthew N. Idso3, James P. Hopkins Jr.3, Sanchao Liu1, Jessica Yee3, 
Sunga Hong3, Rachel Calder3, Katrine Museth2, Fred Mast4, Heather Agnew2, 
Michael Klimas2, James R. Heath3 
1FCDD-RLS-CB, 2Indi Molecular, Inc., Culver City, CA, 3Institute for Systems 
Biology, Seattle, WA, 4 Center for Global Infectious Disease Research, Seattle 
Children’s Research Institute, Seattle, WA 
Protein Catalyzed Capture (PCC) agent research is currently pursued at ARL as an 
alternative to state-of-the-art antibody recognition elements for sensor applications, 
as these agents address gaps in discovery time, batch-to-batch variation, and cost 
effective and scalable manufacturability. The current Covid19 project strives to 
demonstrate the untapped versatility of PCC agents, where discovered recognition 
elements may be employed beyond detection applications, as a therapeutic to treat 
an emerging disease threat. By making modular modifications to PCC sensing 
elements (addition of a hapten moiety) a therapeutic may be rapidly developed (in 
tandem with a sensing element), capable of recruiting a person’s endogenous 
antibodies to aid in clearing foreign pathogens. 
 
Structural analysis and bioinformatics were employed to guide the development of 
target epitopes from the spike protein of SARS-CoV-2 and were then screened 
against cyclic peptide libraries where PCCs were identified by un-catalyzed, in situ 
“click” chemistry. PCC affinities for the SARS-CoV-2 Spike protein were 
validated by high-throughput assay screening and most promising PCCs were 
modified and shown to exhibit antibody recruitment ability. Further PCC studies 
seek to characterize the solution affinity of these agents relative to surface bound 
affinities, while In vivo testing of affinity matured AR-PCCs in animal models is 
currently in progress. The rapid screening and maturation process of AR-PCCs 
depicted in this work demonstrates the capability of this technology to enable Army 
capabilities for a rapid and robust pandemic response. 
 
 
Thermoforming process model for thermoplastic composite parts 
Michael Yeager, FCDD-RLW-MA 
Ultra-high molecular weight polyethylene (UHMWPE) has increasingly been 
utilized for ballistic protection due to its high strength to weight ratio. 
Commercially available UHMWPE usually consists of aligned fibers or films 
embedded in a thermoplastic polymer matrix. When manufacturing complex 
curvature parts, the flat sheets of material undergo a thermoforming process before 
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undergoing high pressure consolidation between matched metal tooling. In the 
thermoforming process, the material is punched through a die plate at a low 
displacement rate while a binder plate applies an out of plane constraint. The in-
plane shear response of the UHMWPE is a critical input for the numerical 
simulation of this process as it will dictate how easily the material conforms to the 
complex curvature shape. A characterization methodology is developed to 
characterize the non-linear in-plane shear response of UHMWPE from a simple 
tensile test. The in-plane shear response is input into a numerical model to describe 
deformation during preforming. Modeling each individual sheet of UHMWPE is 
not computationally efficient, leading to the development of a methodology to scale 
the number of sheets modeled in each layer within the model. The scaling 
methodology is validated experimentally and its limits are evaluated. The model is 
exercised to explore the influence of in-plane shear constitutive response on final 
preform thickness. 
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List of Symbols, Abbreviations, and Acronyms 

5PECRD 5th Annual Postdoc and Early Career Research Day  

ALC Adelphi Laboratory Center 

APG Aberdeen Proving Ground  

ARL Army Research Laboratory  

CCDC US Army Combat Capabilities Development Command (obsolete 
acronym)  

CISD Computational and Information Sciences Directorate 

HRED Human Research and Engineering Directorate 

NPAW National Postdoc Appreciation Week 

 PDA Postdoc Association 

Q&A question and answer 

SEDD Sensors and Electron Devices Directorate  

VTD Vehicle Technology Directorate 

WMRD Weapons and Materials Research Directorate 
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