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Director’s Foreword

The US Army Combat Capabilities Development Command Army Research
Laboratory mission is to “operationalize science for transformational overmatch”.
As the Army’s corporate research laboratory, we provide the technological
underpinnings critical to providing capabilities required by the future Army.

In the coming years, our nation is projected to experience a shortage of scientists
and engineers. Our laboratory recognizes the criticality of intellectual capital in
generating future capabilities for the Army. It is critically important that we address
the projected shortfall and make it a key responsibility of ours to close the
impending gap. We have, therefore, identified the nation’s next generation of
scientists and engineers as a key community of interest, and have generated a robust
educational outreach program to strengthen and support them. We have achieved
many successes with this community. We believe that the breadth and depth of our
outreach programs will have a significant and positive effect on the participants,
facilitating their journey toward becoming our nation’s next generation of scientists
and engineers.

A fundamental component of our outreach program is to provide students research
experiences at the DEVCOM Army Research Laboratory. During the summer of
2020, we supported research experiences at DEVCOM ARL for over 180
undergraduate and graduate students. Due to the COVID-19 pandemic, we were
able to adapt and provide a highly effective virtual experience. As part of their
experience, students present the results of the work they performed while at
DEVCOM ARL. All of the presentations were of high quality, but only a few could
be presented at our student symposium. The finalist presentations prepared this
summer are contained in this volume of the proceedings, and they indicate that there
were many excellent research projects with outstanding results. It is unfortunate
that there was not enough time for us to have all of the presentations presented. We
would have enjoyed hearing them all.

We are very pleased to have hosted this outstanding group of students for the
summer. It is our hope that they will continue their pursuit of technical degrees and
will someday assist us in providing critical scientific outcomes for our Army.

Patrick Baker
Director
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1. Introduction

The US Army Combat Capabilities Development Command Army Research
Laboratory Summer Student Symposium is a DEVCOM Army Research
Laboratory Director’s Award Program for students participating in various summer
internship opportunities across DEVCOM ARL. The goal of the program is to
recognize and publicize exceptional achievements made by the students and their
mentors in the support of Army science.

All undergraduate and graduate interns are eligible to compete for a finalist position
and give an oral presentation at the symposium. All students, including high school
students in the Science and Engineering Apprentice Program (SEAP), are
encouraged to present posters at the symposium and submit abstracts summarizing
their accomplishments.

This year’s symposium was held virtually on Thursday, 12 August 2021.

This volume of the Summer Student Symposium Proceedings contains the posters
presented at the symposium. Volume II (ARL-SR-0460) is a compendium of
student abstracts.
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AURORA Platform Static Application
Security Testing

Clinton Anderson, Theron Trout, Mark Dennison

Ybservation

Project AURORA (Accelerated User Reasoning for Operations,
Research, and Anal

sis), Is being developed ar the Army Research

Lab (ARL), to enable effecrive collaboration between immersive and
stems  across  both  tactical and
“hanged
within this framework demands an inereased need o protect it ‘This

non immersive  informadon sy

command echelons. However, the valuable information ex

research covers several Dblack-box Software Application Sceurity
Testing  (“fuwring”) ols and  bhow  they  collaborate  within
AURORA’s assorred networks, sofrware, operating systems, game
engines, and integrared  development. environments o creare a
secure fuzzing platform.

Background

Much of the data sent over taciical infermadon systems cannot be
sent over commgercial networks, :
l]C(CSblUlLiIlg Lt‘l:h[]l(llles in Lllﬁ

labs for resting vulnerabilities in a
secure, repeatable tashion,

A “fuzzer” is a Stade Application
Security Tesung (SAST}, or a Black
Box, software testing technique
that can find bugs in the software

7
before deployment by injecting various data in an awomated
fashion, Operation and usage can vary based on operating svsiem,
programming language, hardwate, type of fuzzing, etc.

s

Objectiv

¢ Provide a  repeatable  fuzwing  framework  that can be
accomplished on Windows-specific dynamic linked libragics (.l
and binaties {.exe).

* Explore which in-house fusding echnique provides the best
behavior, is casicst © usc, and is most expandable.

*  Create documentation on providing a testing platform, including
creaton of coverage modules and test hatnes

* Reseurch different continuous  integration / condnuous
deployment (CI/CD)  models  that include  Static  (pre-
deploymenty and Dynamic {continuous deployment) seeurily
application Lests.

1S,

Security Testing

* AURORA is being developed on several opetrating systems:
Windows 10, Linux

¢ Development is on multiple VR and AR platforms, such as H1'C
Vive, Oculus Quest 2, and Microsoft HoloLens2

¢ Off-line secutity fuzzers Peach and WinAFL were explored.

* Optimizatdon tools were used, such as Ghidra, used to find
specific  addtesses  within AURORA  code, and  virmual
environmenrts, used to ensure specific requirements are met.

UNCLASSIFIED

= DII's and Exe's are Microsoft Windows based extensions. Many
fuzzers only support Unix based systems.

» Though Peach is standard in the fzzing indwstry, much
informadon on it is outdated since its acquisition by GitLab mid-
2020—good documentation for it is spread among a plethora of
sources, swapping berween operaring systems 32-bir vs. 64-Dir,
Windows vs. Unix), and uses the older 2.7 python version vs.
current 3.8 randomly, making onling troulsleshooting difficule.

*  Addiionally, the Readme and Help documentation has ceased to
be updated, and online torums provide answets from sevetal
VeATs ago.

» This rescarch will continue to incorporate this most-popular
fuzzer, however, in the interest of maintinability and simplicity,
other avenues should be concurrently pursued.

Method

* The Windows-bascd WinAlFL is an cxpansion of the simpler
aliernative 1o Peach, the Linux based “AlL7 (Amcerican Fuzy
LOP). This was found w be casicr than Peach which had

multiple errors on integrarion with modern sofreare.

*  As implementation progressed, additional applicatiens such as
Ciake {used on older versions on Visual Studia), Ghidra (uscd
o obtain address target offscis), and oplimization methods ke

requirement-creatdon for virtual environments (1o vedfy proper
running on disparate machines) had to be incorporaced.

Path Forward

* Develop easy to read documentation on how to install a fwzer
on a new machine, and how o create a harness, which is used o
Lest specific functions in an optimized and more organized way.

* Explote contimwous integration / continuons  deployment
{CI/CD) commercial environments such as Beyond Securite’s
BeSECURE or Girlab DevSecOps.

NAVAL
&7 POSTGRADUATE
SCHOOL



Researcher; Ms. Harsha Antony, Lintversity of
California Riverside — Dol) Researcher,

hantol(6: u

Mentor: Dr. Mahesh Neupane, Research Scientist,
ARL-WEST Los Angeles

1L & Army Cambat Capahilitics Development
Command Army Rescarch Lal

‘ Tntroduction ‘

« Surface-doped dizmond devices utilize charge
uansfer mechanisem between acceptor layer {Mo0,,
WO, and ¥,0) and hydrugen-terminated diamand

atirlace

UNCLASSIFIED

ATCMISTIC STUDY OF PHASE-DEPENDENT STRUCTURAL AND

ELECTRONIC PROPERTIES OF MOO,

Model and Methods ‘

Observations

First Principlo Simulation- VAP [2]

aliuular Dy Raics Simlation- TANMPS [3]

Results |

e

[r——

Acceptor Taver: Mo,

| Objectives

+ Developing amorphous models of Mol

+ Amahvzestiuctural and cleclronic prope
amarphous Mo,

+ Design Mo, /1 1-Diamond Tleterostructure

+ Amalyze charge transfer across the interface

[P ———

i G

: £
o] e T
T
P

References |

i
T

e, £

i, S, S 4 7

Thickness Calibration UL

s LT S

10 21588

Amarphous Models Tilizing TAMMPS & DTT

5. Gratnas b A5 LA M
T, Fbin 1 gy o aman Sy,
M lin Lo vty ok
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For Molecular Dynamics Simulations utilizing
LAMMES, there Is no available potential force field
to model mmorphaus Mo, for us, thus it require
development of a new force field.

Thus, we have modified available farce fickds
{devaloped far ather Mo-0 complexes and for
erystalline Moy) and designed amorphous medels

Conclusion

Wi diid calibeation of Layer Thick s in DFT ulillziog VASP
o wbserve Bulk like strus turad and cleceronie propereics.

The results mclud Binding Hnergy, Band alignment,
Iksities of states, Wark function

Validated parametens far o ssmple 2 body potential force
Field for amorphons madels

Refined mell-quench process Io generale amerphous madels

Pathway Forward

Fully develop LAMMPS potential, accurately model
amorphous MoQ,, and validate generate models witl
axprrimental data

Validate foree fields and models with more established
force fielc from D, Vashishta (CSC)

Use developed amorpheus madels and desian
heterostructures with diamond to analy ze surface
chirge transfer bebasen the amorphous MoO, and the
diamond and guide in-house experimental effort

Acknowledgements
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U.S. ARMY COMBAT CAPABILITIES
DEVELOPMENT COMMAND -
ARMY RESEARCH LABORATORY

Mohammed Safayet Arefin
PhD Candidate
Computer Science and Engineering
Mississippi State University, USA

Advisor: Dr. J. Edward Swan Il
Research Interest

Augmented Reality, Applied Perception, Virtual Reality, Visual Perception
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Tracking Perceptual Depth with Eye Vergence
and Inter Pupillary Distance in VR

Summer Intern
CCDC US Army Research Laboratory (ARL-WEST)

Dr. Russell A. Cohen Hoffing Dr. Steven Thurman

Adviser

‘ ‘4.
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Virtual Reality

- VR is an emerging technology with multiple
potential use cases in Army.

- Simulated complex training environment.
- Platform for common operating picture.
- For conducting basic research.

Eye Tracking

- Better understanding of how our human visual system behaves.

- Eye behaviors provides important signal of the cognitive processes.

- Opportunistic sensing systems use eye activity to adapt to the user
and improve mission performance.

Eye Tracking +VR

- VR with integrated Eye Tracking Technology newer technology.

- Could be used to improve the accuracy of size and distance cues in the
simulated scene. Unexplored research area.

- Can eye tracking parameters be related to depth in VR?
UNCLASSIFIED//F OR OFFICIAL USE C)NL\IIIDRAFTIIPRE-DECISIDNAI_lmage Source: Images are taken from Intern%T
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Iris
Cornea

Human Eye

Accommodation

» The ability of the eye to adjust its focal length is known as accommodation.

[Gross, H., Blechinger, F., and Achtner, B. 2015. Human Eye. John Wiley & Sons, Ltd.]

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 4
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R N ,
D Human Visual System
'

Vergence

Viewing object at different distances requires the eyes to rotate,

. 2 Far fixation
which is known as vergence Q

i ———
» When shifting gaze from far to a nearby object, the eyes need to Divergence !
rotate inward, which is known as convergence /
+ When shifting gaze from near to a distant object, the eyes need / W
to rotate outward, which is known as divergence. / \
; \
The value of vergence angle is larger / %
during convergence than divergence Near fixation

point \-—

Vergence-Accommodation Reflex

Inter Pupillary Distance (IPD)

+ Distance between the center of left eye’s pupil to
the center of right eye’s pupil

" Lelt eye Right eye ’
* During convergence, IPD becomes smaller

» During divergence IPD becomes larger

[Gross, H., Blechinger, F., and Achtner, B. 2015. Human Eye. John Wiley & Sons, Ltd.]
UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 5
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L 7%
-+ 78] Experiment [Ghvcom
(=) Research Goal Pt

Tracking Perceptual Depth with Eye Vergence and Inter Pupillary Distance in VR

A visual discrimination HTC Vive VR headset ) Counterbalanced

task with unrestricted eye with Eye tracking from 24 subjects 288 trials
and head movement Tobii Technologies Data Collection
Perceptual Depth Virtual Object Position US Air Force Academy (AFA)

Near (13m) and far (32m) Parafovea and Periphery Dr. Anothony Ries and

colleagues

Perceptually virtual
Disks are closer
than the
recentering cross

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 6
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How can we measure vergence and
IPD from the eye tracker data in VR?

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 7
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AN =
Vergence Calculation ZDEVEDM

Scenario 1: Object is located at foveal region

Scenario 2: Object is located at parafoveal region

larget
2 Target

Periphery

In this experiment Parafovea

_ Right Eye

Right Eye
- \Gaze Vector

Macula of Retina

; " Right Lye Left Bye ! Right Eye
Calculated Vergence angle by using e e
3D Gaze Direction Unit VeCtOI’ Scenario 3: Object is located at periphery region
larget
Left and right eye gaze direction vector —— and ——
L X, V.Z R X, V.Z
y.2) (y.z)
Therefore, according to the vector dot products, nan.
_ ; | Right Eye
L—) R—) =L xR cosb L_, j Gaze Vector
@y Ny (xy.2) kK =2
R(XJJ/JZ)

—_— :
1 Lawsn Rayn ‘;
X

Vergence angle, 8= cos™
Left Eye! " Right Eye

Sulutvedt, Unni & Mannix, Thea & Laeng, Bruno. {2018). Gaze and the Eye Pupil Adjust to Imagined Size and Distance.
Cognitive Science. 42. 10.1111/cogs.12684.

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 8
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Inter Pupillary Distance (IPD) Calculation E‘%){!—"_QM

Distance between the center of left eye’s pupil to the center of right eye’s pupil

Tobii Pro SDK provides gaze

Calculated IPD by considering 3D Gaze Origin Vector origin vectors to indicate the
center of the pupil position
Source: https://developer. tobii. com/product-

integration/stream-engine/#tobii _streamsh

Left and right eye gaze origin vector, and >
g y g g Lo(bc,ly,lz) Ro(rx,ry,rz)

Therefore, according to the Euclidian distance formula,

IPD = +/(ix —rx)2+(ly — ry)2+(lz — rz)?

Left Eye Right Eye RO
jri i 5 = U (rx,ry.rz)
Gaze Origin Gaze Origin
Left Eye LO Right Eye
. (Ix,tylz) :
Pupil IPD (mm) Pupil

1
1
'
L
|
I
i
!

1 Left eye Right eye !

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 9

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL

Hypothesis E".-T‘{C‘,-"’M

Convergence
Shifting eye gaze from the cross First saccade onset after cue is presented (Blue Vertical Line)
to the virtual disk 35 665
@ ’ "~ Before gaze shift| After gaze shift
D~ 3
s g T 663
g5 25 £ s
c @ — o 662
52 [
= 2 = 66.1
> Before gaze shift | After gaze shift 66
ks ; 05 o  o0s 1 4 05 0 05 1
. - ‘ Time (seconds)
Time (seconds)
Shifting eye gaze from the virtual Divergence
disk to the cross First saccade onset after target is deactivated (Blue Vertical Line)
66.5
——————— 66.4
\ E 663 /
g —————— et
E 66.2
Before gaze shift|  @ter gazesigit = 66.1 )
66Before gaze shift | After gaze shift

-05 0 0.5 1 -1 -05 0 0.5 1
Time (seconds) Time (seconds)
UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 10
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Convergence

Shifting eye gaze from the cross
to the virtual disk

First saccade onset after cue is presented (Blue Vertical Line)

2 250
[=2] ; i
E | Before gaze shift| After gaze shift | _ Before gaze shift |  After gaze shift
PR E 6627 aurns ]
2 % N e, | T e
8 5200 e g e
3 T — = 8601
=175 = i g
= =
2 1501 Baa
10 05 0.0 05 1.0 10 05 00 05 10
Time (seconds) Time (seconds)
Shifting eye gaze from the virtual Divergence
disk to the cross : ; \ ; ¢
First saccade onset after target is deactivated (Blue Vertical Line)
354 66.4
o ) .
§ Before gaze shift| After gaze shift | ¢ 45 ;| Before gaze shift|  After gaze shift
P R
b=
= @
ke
c
3
= 5 65.9
-1.0 -05 0.0 05 10 -1.0 -0.5 0.0 05 10
Time (seconds) Time (seconds)

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 11
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Amount of vergence angle and IPD changes between before and
after the gaze shift

Amount of changes = Post event (+1 seconds) — Pre event (-1 seconds)

QL 250
2 Before gaze shift After gaze shift
é T 2254 Preevent Post event E 66,21 et passmneinmn]
= = e
Convergence 5 % it o R
5 e — 66.01 2
> =) L s T R - % 4 .
- 1.751 ] Before gaze shift After gaze shift
g = Pre event Post event
s 1501, : i . 65.81
4 'O'.?. - d a5 LG 1.0 05 0.0 0.5 1.0
ime (seconds) Time (seconds)
% 351 Before gaze shift After gaze shift 6647 Before gaze shift After gaze shift
£ ,,| Preevent Post event T 6631 Pre event Post event
0w £
23 a
5> T
. o
Divergence Sz §
5 =
[}
= 48 6591
1.0 05 0.0 0.5 1.0 -1.0 05 0.0 05 10
Time (seconds) Time (seconds)
UNCLASSIFIED/IF OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 12



UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL

" Amount of vergence angle and IPD changes between before and
after the gaze shift

Amount of changes = Post event (+1 seconds) — Pre event (-1 seconds)

Vergence: [ ] convergence | | Divergence Vergence: ] Convergence ] Divergence
parafovea periphery parafovea periphery

1.01 0.24

051 i—‘ S 0.1
= = - = H
LUIJJ 0.0 = = 2 % 007 g

i -0.11 =

1 8T
5 H 024 =
10 =
§ 104 € 024
o 051 < 0.11
2 % = — 2
© 004 —=— — gl Q007 == g
8 T BB = ]

-0.51 021

Convergence Divergence Convergence Divergence |PD-convege IPD-diverge IPD-convege  IPD-diverge
Vergence IPD
- Significant main effect for vergence movements both measures (vergence angle, IPD).
- Significant interaction effect with target position such that both measures have larger changes comparing
periphery to parafovea; means periphery perceptually observed much closer.
- Significant interaction effect with target depth for IPD measures which means that near target was indeed
perceived closer.
UNCLASSIFIED//F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 13
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* =

We can objectively track perceptual depth with eye vergence and IPD measures derived from the eye
tracking data.

o |IPD appeared to be more robust measures than vergence angle
Next steps:

«  Design a more controlled study with ground truth to assess the precision and accuracy of the
measurement in VR for tracking perceptual depth.

*  Writing and publishing the paper.
. Future Application:
+  Adaptively rendering virtual objects at the perceptual depth plane.

+  Evaluate ways to improve user experience in VR

UNCLASSIFIED/F OR OFFICIAL USE ONLY//DRAFT//PRE-DECISIONAL 14
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Motivation

. Reinforcement Learning (RL) in continuous control task
2 Learning a Q function in continuous space is not possible
+  Monte Carlo Tree search or Bellman's equations doesn't work
- We focus on Policy Gradient (PG) methads
Challenge: RL is nonconvex and rewards could be sparse
. Results in spuricus behavior for standard learning procedure
" = i o @ l/ 2)
Recently, non-asymptotic guarantees to local optimal O(1/€
Any stronger notion possible? (like global optimality in tabular)
. Key intuition is persistent exploration in tabular settings
+  (Goal: Can cne avoid convergence to spurious local minima in
MDPs over continuous spaces through appropriate

policy parameterizations?

+ Example: Pathological Mountain Car

+500 Goal

Misleading
. Goal Post

/ Problem Formulation

Consider theMDP S, A, P, 7,

«  Value function
oG

‘»/T(.S) = [Z"(""i"(vﬂ, ai] ‘ Sp = 8, T

=0

. Paolicy search over policies
+  Maximize the expected cumulative return
max J(8) :== V7 (sq)

¢ Nonconvex optimization problem

. Example: Gaussian Policy

| 7%
' Z DEVCOM

Approximate Persistent Exploration in

Reinforcement Learning over Continuous Spaces

Amrit S. Bedi and Alec Koppel
CISD, ARL

/ Proposed Algorithm \

Algorithm 1 Heavy-tailed Policy Gradient (HPG)
1: Initialize : policy parameters 6y, discount +, step-size 1,
gradient gy = 0, starting point (5o, ag)
Repeat for £ =1,...

: Starting from (-‘v‘u.”-u) , generate By, trajectories 1;; =
(s0, a0, s1,a1, ,am, ) of length T}, ; ~ Geom(1 —

+1/2) with actions au ~ e, (.|5u)
: Compule policy gradient estimate g; and update parame-

ters @.:
By T

Z{Z,}r/ R(se,a1) (ZVlogmA (ar |5+ )]
t=0

=)

w

wo(als) =

Nalo(s)

Tx,e¥)

4: &+ k+1 Until Convergence

{Retum: (78

/ Convergence Results

Gradient norm attenuation rate

ZE[HW ol < -

=0 =0

+ a(A)

* Metastability (Transition time)
lim PP (0% € QF () N Gi+1)
e—0 g

di—jﬂ

1¥+(7d;) =3

= —4
it ((dj;)"

+ HPG converges to “wider” peaks
« Nearly satisfy persistent exploration
in MDPs over continuous spaces

Experiments

= Proof of concept experiments with Cauchy policy

w
@
E

T e e e

N
I
&
e,

pil
&
g

HPG
rG

ki P A ———

— TRPO

] 00 400 600 &0G 1000
Num of episndes

v, Cumularive Rerum
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Retrosynthesis of Benzoquinoline Derivative Ligands
DEVCOM for Cyclometalated Iridium Complexes

Student: Evan Bolster, ebolster001@cshsju edu
Mentors: Ryan O'Donnell & TJ Rohrabaugh
ryai.m. . Lol thomas.n, g mil

[ Overview ] [ Matcrials and Mcthods ]

Cyclometalating  iridiom (T} complexes  comaining
acetylacetonate and two fairly conjugarted ligands, such as 2-
phenylpyridine. exhibit a strong, femporary absorption of visible
light follasing photoexcitatian, This process Is called reverse
salurahle absorpiion (RSA) and is curcently mvesiigated by the
Anmy Research Loboratary. Cyclanclaluted iridin complexes
Lypically exhibil exciled staue lilefimes on the order of hundreds
of nanoseconds to mivroscconds before returning to the wround
smre. (e goal i (o imprave dhe pholopiysics of these
complenes. by desigming marertals with excied stare ifferinies on
the onder of bandreds of nicrosecemds m milfisecomds. These
1ypes of materials would he advantageous for RSA applications
and more generically fr photocaalysis and arsanic light
cmilling diodes (O1.EDs) as well,

Extended conjugation D

Inercasea rigidity

N LA
-
avas
\_# /\a i
Ak

\41
&

Commonly. exivnding urematic confugution or mandyulaion of

clectton donating ot cleotron withdrawing fimetional yroups are
as @ way to cohance oxeired state lifetimes. This
identified and pevformed a retrosynthetic analysis
af four different benzoquinaline-based figands which had
poiential 10 improve the ccited state, All T of these
wmpounds would employ Suski-Coupling rzaclions 1o el
carbem-carlion Bonds between o pyridine und a pheny] ting, Twe
moleenles would then use 4 Senogashira-Coupling resction to
erearc a terminsl alkyne on the 2-carbow of the pyridine or
phenyl. “Lhe other ovo molecules wonld creare the alkyne from
an aldehyde using a Bestmann-Ohira reaction. Finally, all four
molecules would be wented with wiflic acid 10 mduce
cyclisamerization and the frmation of the bensogquinaling
ving 1 iy predicted that extending the conjugation of these
ligands and enhancing their rigidity, espe between the
iridium bonded carbun and nitrogen, should dramatically
increase the duration of the complex’s excited state,
Funhcimere, ligand posidions for furthee derivatization with
clectron donating o cleeron withdrasing fnctional groups
were iddentified

Target Molecules Pathway for | Pathway for 2

G o-30 o000
g Q W, Q //»/i N "‘\\/fi

i PAEAL); (5 malah, PPhy (10 mol%), K00, MeUNMeOH (2:1), S0°C, 24 hry
ii. Phenylacetylens, PA(PPh, 1,CL, (5 wol®), Cul (5 mol%e), DMA, TtN, 90°C, 6 hus
IO, 15 min, rt

Epheryiberzolnjesinoine  Spbenyberzalhjcunoloe

-
oY =
, :

LR ——— [I—
Ll
Future Work ]
Pathway for3 & 4 [

q The ligands <em be further modified with dillerent phenyl
. . = Conditions for 3 & 4: derivatives by substiluting a variely of
Wt - O P i - P, (3 e difforent phenylacetylencs in step i for molceules 1 and 2. or

DMaWater (1:1), mvc Shrs diffrent aryl halids in st\‘p i for molectile 3

1t 12 by

i, Restmann-Ohira Reagenl (1-diwen-2-
o prepyIphosphonate), K00y, MeOF, O

Y@{@\Q

References ]

v TROH, | br, 1t
v PICL €10 mal%6), Phive, 120°C, 20 hrs [

117 Sheskahon, 3.2 Pankanas, 4 - Kumelsos, M. Cheloisomericion —a
e

e AT 3000, 10—
) 00T 5031721 705
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J Clridinns, Cheristry of Hefers s fic Comp

Wi cor 9
2| Gishorg. 2. B, 7., Lingjun. 55 Tianshons, 1. Rence €.: Tieqs, D5
I - E Yayuan, ¥.; Janlon,
stinated progtessive vieks based on lerlore Fom sirting compomnds o rgel e Vi
molveules are very ressonsble for 3-1 step svmthesos: 1) 6% 2)T5% 39 38% 4 28% b
The starting materials also have relatfvely cheap :m'\ll scale prices making them ideal for 2013, 59031) Ly
tosting: 1) $55.G37. 2) S35.104 3) $31.06/ 4) S5
Afler successful synthesis, the faget molerules will be used o synthesis
the carresponding irdium complex and photophs sical propenties investigae g
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[ Expected Results
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Can’t We Just Agree with the HAT?

Agreeableness in Human Agent Teaming
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CATALYTIC NANOTHERMOMETERS: NEW TEMPERATURE MODEL IN
THEORY AND PRACTICE

Carroll, Alison L.
Mentors: Dr. Baker, Dr. Boltersdorf, Dr. Forcherio (NSWC), Dr. Diaz (NRL})

Abstract

Photacatalysis is a growing field of ressarch within the scientific: commuriity due to its intriguing use of heat production in materials using light, which could be an asset to the Army’s chemical needs. Much research has
search

project aims to betier

is relationship using

been done exploring the relationship between thermal and optical properties of nanossale materials, most notably gold, yet there is a gap in understanding between theoretical and experimental results. Tt
made of DNA and gold. This will allew additional photoeatalysts of interest, ransition metal nitides like TN, to be explored with a new

temperature model. Optical properties chserved in the lab will be compared to those seen using DDSCAT,
fluorescent signaling and an abserbanceftemperature model can be propesed. This new model will open the door for an improved, more cost efficient, and comprehensive pholocatalytic process for the Amy.

lipole approximation program. Fram here, the nanothermometers will be examined when heated uging

Classical Temperature Model

Nanothermometer Function and Signaling

FaLmsir, Gars 3t !

ViePus
AkoRye
This model is widely accepled

AT(Rig)

e
by the field for NP heat 5.

generation when hit with
ingident light, but falls shart of

at NP surfaces

Prasracent sl

\When haated, the proba strands will dissociats and releass fluorascent signals thai will be pickad up by tha fuarimeter. This signal will

0 2 _4 & 6 10 explaining ohserved heating o TR .
Time rmin.) behaviors and predicting MHanoparticls Diamater {nm) then be intarprated to rapresant the amount of probe strands that have detached from the nanoparticle, and thus give = tempersturs valus
Figure 1 realistic lemperature changes Figure 2 of tha nanoparticle.
L e Dekig]

DDSCAT and Simulated Optical Properties

Nanothermometer Synthesis

Visual representation of

Ideal size Au nanosphers

Absorbance values for
Blank AUNP, 3 1M DNA
and 14 nm ONA
attachmens orto AullP

Nearfizld map for blank 40
AUNP ran thugh
ISCAT and
CDPOSTPROCESS

* (5

Optical properties af 80 nm

Nearfield map for 60 nm
AUNP with & i DN shel:
ddifional
maifications in MaiLab
eote

w 5

i =

£ e Figure 10

E § T This synthesis process was done for € difierent lengths of DNA lemplates. sach with attached 45°C probe strands and 80 nm

- a8 diamelsr du nanospneres. The nancthenmometers unceaent exiens ve washing dnd centifugation steps Lo ensure the removal of
R E unattached or single-strandec! DNA that may have remained from the earlier synthesis steps.
anorrici Cameer

Figure 3 Figurs & Figure s TEM and In-Lab/ Simulated Data Comparisons

shape composed of determination based on maximum diameter An sphere . it
dinoes fram DDSGAT absarbance g e AL 5 = ol o)
5 Py g it
H ety s B Sommmiy
o = e == TN imiges ot A B gt o1y
H , e e T g TR TR T prakihe | cmesiisrhs
5.0 Wavelengh () St et wavelengeh (om) 7L v
Fis Figure 1 Figure 13
4
- - TiN and Looking Forward
waslengzh (um)
Figure 6 Figure 7 Figure 8 o

= Intarasting 3 varying
5 nptical propertias when
E comparad ta Au: brosder
. eaks
Visible £xtra ayer of
Energy snhancsment with

“Wavelength (ur)

Figura 14 Figure 16 Figure 17

"~ Figure 15
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SELF-RIGHTING ROBOTICS ON VARYING LANDSCAPES
Z DEVCOM

/ Overview \

Army Objective:

Advance self-righting capability for robotic platforms in rough terrain.
Research Goal:

Improve performance of robetic self-righting algorithms in rough terrain.

Research Needs:

A way to develop and test simulated robatic platforms on a landscape
made up of varying height points.

Method:

Generating simulated variable terrain, and automatically testing the
effect on self-righting performance within the LIMMBS Manipulation
Team's PyBullet simulator.

Background \

UGVs in use by the Warfighter must be able to travel wherever the
warfighter can go, along with places they cannol, at the speed of the
fight. They must also have hardware and software that is robust to
the battlefield environment. Currently, a few commercially available
robotic platforms are equipped with self-righting capabilities, but
even those can only achieve this goal on simple, relatively level
terrain,

The ability to recover robustly fram tip-over (j.e. self-right) on rough
terrain is vital to enabling travel at high speed by making the risks of
tip-over tolerable. Ultimately, this capability will facilitate the
expanded integration of robotics and autonomous systems for the

Pascal Conroy, ARL-CISD

M

Figis 1 1 DOF robot in cra feration for chacking slabls
States. A stebie st (5 lestad by hecking Nths cerder of rass
[EM In magenta) & Wiin e face parallel and clasest 1o the

tbscia 3

Flgure 2: An exemple of e rouch taran landszepe la ba used.
P bocks am Used 1or SN enhanced ecpanznce whils n e

Iive Simutor, but are enallary 1o e end gogl.

\

Current Abilities

« Intake mesh-based robot via URDF file

+ Sample joint space of robot

+ Evaluate stability of robot at varying poses per
joint sample on flat ground

+ Create stability graph for self-righting /

/ Current Project/Future Worm

This summer, | have been working with the
LIMMBS Manipulation team’s simulation of the
self-righting work of Dr. Chad Kessens'. My goal is
to add rough ferrain to the simulation, and
evaluate the resulting changes to the self-righting
capability. The image in Figure 2 is an example of
the terrain fo be used. The blocks are a
visualization of the surface within the PyBullet

eneck Fu autonareass e righing of 3
stional CanermnGe an Retulcs v
B2

This terrain will be randomized between trials. This
will be particularly useful for training the upcoming
machine learning approach to the simulator’s self-
righting toolkit. Results were not yet available at

the time of writing. /

Without them, | would not have been able to put this presentation together.

Acknowledgements

I'd like to thank Mr. Matt Kaplan and Dr. Chad Kessens for helping me through my numerous setbacks and technical difficulties this summer.
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ONTOLOGY BY RESOLVING HOMONYMS Mentar: Andre V. Harrison, andre v harrison2. civi@mail mil

. @ ! DEVCOM IMPROVING A SEMANTIC HIERARCHY POC: Seth Ellis, selisT@umbe.edu

Mativation
2 2 . e g Objectives

+ Autonomous vehicle systems can utilize the improved knowledge to increase efficiency in + Resolve homonyms to improws a semanic hisrarchy omtology
. Tecngn!zmq and‘ pnurmzrxnsz \;\sualhwn{urm:nun“. ‘ o i + Reconstruct updated SUN herarchy ‘ )

miproving navel, zero-shot, few shot, and mullti-class obisct recognition = Train and Test hierarchical object recagnition model using SUN hierarchy
Challenges Approach
+ Improving my Python acumen and knowledge = Using Python, a visualization tool was created to identify if a label was a homonym
« How to resolve homonym labels without viewing every image - Used Wordnet APl to rebuild hierarchy
« Training on such a huge dataset required greater computational power - Used an abject recagnition model to test hierarchal object recognition
Resuits = Future Plans
« Of the several hundred labels 17 hamonyms were found, each of which defined 2-3 objects = Train using randomized weighls and biases
« The full semantic hierarchy grew by 17 new nodes in tatal = Further train/test the subsequant custom pretrained model on othsr data
» The simplified hierarchy grew by 14 new nodes = Improve hamonym recognition tool to automatically detect potential hamonyms
Homonym Objects Faund
Bed Bed{Eilliard Table], Bed(Truck Bed), & Bed|(Sleeping}
Cap Cap [Hat} & Cap{Plastic Cap}
Brush BrushiBroam), Brush{Bush}, Brush{Hairbrush), & Brush(Paintbrush)
Dish Dish (Antenna) & Dish (Plate)
Face Face(Clock faca) & Face(Human)
Field Field{Playing Field) & Fizld{Grass field) , ]
Glass Glass{Cup) & Glass{Windowpans) SR
Glasses  Glasses(Cups), Glasses{sunglasses), & Glasses [Fyoglasses)
Keys Keys(Lever) & Keys{Metal Instrument)
Fen Pen(Writing Taal) & Pen (T nclosure)
Pitch Fitch{Pitchers) & Pitch{Sports Field)
Runway  Rumway{Fashion) & Runway(Airplane)
Shade  Shade(Shadow) & Shade(Lampshade) )
Stall Stall{Sale booth), Stall(Stahle), & Stall{Witness Stand) )
stick Stick|Gear-shifter) & Stick{woad)
Suretcher Strelcher(Framewark} & Stretcher {Gurnay} =
Trunk Trunk{Tree trunk) & Trunk{Chest) Figure 2: Depicts the original higrarchy versus the new one (Green shows the new nodes added)

Figure 1: Depicts the homonyms found and the objects the label defined in the dataset

Canclusion/Discussion Acknowledgements

+ New nodes provided a brooder hierarchy to train the model - DoD{ARL

* New nodes also provide a more consistent pairing between label and example imagery *»  Dr. Andre Harrison {Mentor)
+ The model is now exposed 1o mare object labels and consequently knows more objects = Eric Wilt & Darius Jefferson Il
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Objective
» To create smaller, compact and efficient

semiconductor lasers to use for use in Quantum
Information and Sensing system.

» To medel the reflection properties of wide bandgap
i films to ine their thi The
films consist of c-AIN and c-GaN on top of a 3C-SiC
substrate.

Method

» Found an equation that best modeled the reflectivity of
dielectric layers in "Optics" by Paul Ewart.

P Consulted literature to find the index of refractions for
each material.

> Equation for Reflection used is:

_ 2 _ |AngtBngng=cobny
R=Ir | ang +Bngny+ G0
vith i, = 22, 4 = cos(ky 1), B = ~i (:—‘)sin(kit),

€ = —iny sin{k,t), and D = cos(k,t), where t =
thickness. The refractive indices are n, = air,
ny = index of the film, and ny = index of the substrate

> Wrote a MATLAB script to model the reflection.

» Modeled the bottom layer consisting of 3C-SiC on top
of a Si substrate first.

> Plotted the data and mode! in terms of energy to
accurately measure the number of oscillations.

> Calculated four datasets with different thickness values,
and found a linear relationship between thickness and
the number of oscillations.

»  Using this equation, We determined the thickness value
for the 3C-SiC layer that produced a graph with the
same number of oscillations in our collected data, as
shown in Figure 1.

> Modeled the reflection for cubic-AlN, as shawn in figure

2. We will use the same method to determine the
thickness of the cubic-AIN and cubic-GaN films.

Reflectivity

Reflectivity

UNCLASSIFIED

Measuring Thickness of llI-Nitride
Semiconductor Films for Lasers

Student: Lesly Henrriquez-Saravia, University of Maryland. College Park

Mentor:

014

Dr. Gregory Garrett, SEDD

Modeling Reflectivity of 3C-SiC Film

Original Data |
MATLAB Made|

{1t

| |1
IR AR

z 3 4 5
eV

Figure 1: The graph in black shows the original data collected for the:
Reflectivity of the 3C-SIC layer. The graph in red shows the MATLAB
model where thickness was set to 3284 nm.

08
(il

05

02

Madeling for c-AIN Reflectivity

Flgure 2 Original data for the reflectivity of the cubic-AIN layer s shown
inblack. The red graph is the MATLAB calculation with thickness set to

200nm,

300 400 500 600
Wavelength
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Results

P Wedetermined the oscillations matched best when
thickness equaled 3284 nm £ 162 nm for the 3C-
SiC layer.

»  As shown in Figure 2, we modeled the reflectivity
of the c-AIN layer but need to refine the model to
better match the data and calculate the thickness
with better accuracy

»  The absomption seen in the original data is not seen
in the model. Modeling the absorption would get rid
of the fast oscillation at shorter wavelengths.
making it easier to see the longer oscillation

Conclusion
¥ Using this modeling technique, we can determine
the thickness of semicanductor layers

» We have determined the thickness of the 3C-SiC
layer and plan to use the same method fo determine
the thickness for the c-AIN and c-GaN layers

» We plan to refine the model to provide a more
accurate madel for the two-layer system. We will
consider other factors such as non-normal incidence
and absorption.

Acknowledgments

I'want to thank ARL for alowing me fo participate in
their research fellowship. | would also like to thank my
mentor, Dr. Gregory Garrett, for guidance during this
research.
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Meta-Learning: Combining MANML and
Langevin Dynamics

Student Intern: Christine Kwon
Mentor: Dr. Jemin George

Motivation

Langevin Dynamics

An adequate machine learning model is trained on
copious amounts of data. However, the learning rate of
humans is significantly faster and requires only a few
examples to learn from. Meta-learning aims to emulate
this, lsarning from only a few training examples
However, this process is bound result in uncertainty due
to training on such few samples. We aim to build an
algorithm that captures both the guick learning and
adaptation to new tasks and uncertainty that may result
from learning from a few training samples.

Background

Meta-learning imitates the human learning process, its
ability to learn concepts and attain knowledge from only
a few examples. In other words, meta-learning allows
quick learning from small amounts of data and prior
experience, further accommeadating to newly available
data.

i
e [ 1

Langevin Dynamics is a class of Markov chain Monte
Carlo {MCMC) techniques, which takes the Bayesian
approach to capture parameter uncertainty. This
approach updates the model's parameters through
steps of gradient descent, similar to the MAML
algorithm, but it incorporates Gaussian noise in its
algorithm to account for parameter uncertainty.

N
a8, = % (Vogp(e) + 3 Vlogp(zlen)
2 =1

e~ N0, &) w

Method

parameter uncertainty. The combination of both these
algorithms allows for quick adaptation to a new task
and inclusion of parameter uncertainty given few
training examples.

Model Agnostic Meta-Learning {MAML) ‘

Future Visions

The MAML algorithm is a significant and commonly
used meta-learning algarithm, which trains a maodel to
rapidly learn from a few-shot leaming problem. This
algorithm trains the madel's initial parameters through
gradient descent to achieve fast learning on a new task

— mula leaming

We envision an algorithm that incorporates both MAML
and Langevin dynamics and incorporate to different
types of datasets to observe its overall performance
We look to further find more accurate metheds to
enhance meta-learing algorithms.

The advantage of the MAML algerithm is its ability to
quickly adapt to new tasks, to achieve fast learning.
However, it does not account for the parameter
uncertainty that may arise. To solve this issue, we
additionally introduce Langevin Dynamics to capture

Acknowledgements

| would like to thank...
» My mentor, Dr. Jemin George
¢ Army Reserach Laboratory
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/TN Automation of Measurement Tools for Porous Silicon
DEVLCOM Characterization

Ms. Janelle Mabrey, Hampton University
Mentor: Dr. Wayne Churaman, DEVCOM ARL-ALC

Experimental System Anomaly Detection
e

Background

= Manostructured porons siicon Is a high surface area material that Is
norially imert and becomes eneipetic when infused with an oxidizer suc

Device

System Isalation Forest — Qut

Detection

as sonlum perchiorate. * e Anomaly Uecotion tautine uses the solation Forest algorithi 1o deteet
+ The pores are formed using a electrochemical elch process Uil invobass, High- Intensity Flber Optlc Raspherry Fi 2 with High anarnalies. Fartilions ane roeursively gene alid an dalasels fn order to okl
submersing a patterned silicon nitride wafers in 2 bath containing llluminator Quality Camera outliers whose smaller paths sel them spert from norms| deta.

The anomaly score can help to sata thrashald for a rauting ta determine outiiers
negative numbers are mare likely ta be outliers while positive ones sre more

likely to be narmal,

A largar dataset is neecled ta rain the model and canduct testing,

F 2N
u,i] _

Taol
Capture Tool Pathway Forward

Collect mare images of both successiul and falled devices alang with their
Lridgewires to increase dataset for maching learing algarithm,

Turther develop and imprave e Fficiency of Anamaly Detectian routine.

= FuIther develop Dewice Inspertian System 1 inchude encissed dry ho, langer
translatien stage, better camera attachment, and humsiditg/te macrature sensor

Acknowledgements

Inydrotiuoric acid, ethancl, 2nd peraxide.
Amicrapipette is used to drop-cast the axidizer into the nano-pores, which
range in diameter fram 34 nm.

Abridgewirs integratad aleng the poraus sifican s induced with a current
that fractures the pores, causing the sificon fuel and oxidizer to mix.

The resuiting exothermic reaction generates a cantrolled shockivave that
ean be hatmessed for application seh as fuzing.

Motivation/Objective

* the Pyro Lleclronics Team fscie
* anLond I I
and evaluale over 1,000 Mnilialors.

16 mm Telephoto Lens

150 min Linear Translation
Stage with Stepper Motor &
Integrated Cantroller

prous silicon initiators
oilot pranduction 1o

clapi

& The BIORIAM 3IMS 10 develap & 58 M -aUTSmated S/51em 1o jroide Imags
acquisition for quality assurmnce in o stable diy box cnviranment because

of Uhe muisture sensitisty of the v et Tuould like fo acknenledge my CCDE ARL Mentor. De. Wayne Chusaman fos his
= Images will later be used to develop machine learning algarithrms that = Image capture af the dewics displays delamination of bridgewire in the center widane s assistance ducioy s summes inteoship, seud also like o ockaos
recagnize porcus silican 2nd bridgewire failures. region and surlacs cracking alang the porous silicon. e CCDC-ARL 25 well a3 the BOD HBCTMI Suunines Reseanch Progtem for providing

thii eseorcd appestunity
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Design of MAX Reinforced High-
DE VL OM Performance Steel Composites for Sliding

Lagoraromy Applications
Caleb Matzke UND Advisor: Dr. Surojit Gupta ARL Mentor: Dr. Stephen Berkebile
') Mechanical Engineering Assoc. Prof. of Mechanical Engineering  Directorate / Division: CISD/ VICTOR ERP
#  University of North Dakota  University of North Dakota Project Duration: 06/01/2021 to 08/20/2020

Motivation

High Pressure
Fuel Pump

Objective

Camshaft

Plunger Tappet oo s

Background Manufacturing Process

A=

“Samples ara stened by apphing a few hital & mL

4 smnnds I n undervakor ko sing the cliing,
e are stohed for ancther 4 secands i the

casa of 52100 Stoal - 5% CLAIC HT).

I are capturod by sing an oplieal rricio

Discussion and Conclusions

Oasfﬂcwentf Friction - Sk = Pat h FO rWa rd

Ethanol FoaFuel
= Sz 51180 Sl el S

oo Acknowledgements

+ Denss 52100 steel specimen
s cesive fram RL for
Gunporizon wih sinleied
saiiples producsd om UND
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Motivation

= Behind armor blunt trauma (BABT) can occur *
behind soft or hard ballistic vests and can result
in severe injuries

Current analysis techniques of back-face

deformation involving ballistic gelatin video has
a limited signal to noise ratio and reqguire lots of
time to process

Modern programs that perform this analysis are

hard to use and require lots of processing power
because of the limited data found within
individual frames at very high rate of capture

{fps)

Methodology

+ Programming in Pythan allows for the use of a

vast range of libraries and tools not available to
other languages such as MATLAB

Rather than looking at individual frames within the *

video and applying many post-processing filters.
we can find the difference between 2 frames of

the video to detect movement

UNCLASSIFIED

Back-Face Deformation Analysis

Adam Menkara, Biomedical Engineering
Mentor: Dr. Karin Rafaels

WMRD — Soldier Protection Sciences Branch

Applying a gaussian blur filter aids in removing

noise at the edge of the deformation

Then, we can analyze each individual pixel by

creating a 3x3 matrix around each, and
measuring for brightness changes across
adjacent pixels to create an edge

Finally, we can define a region of interest
to limit the computational power reguired
and reduce noise.

We can measure the number of pixels
until an edge is detected along each
horizontal row in the region of interest and
log those numbers for analysis

Results

UNCLASSIFIED
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Comparing the original videc and the
computer interpretation of the edge, there is
little under/overlapping of the image and
shows the accuracy of the tracking algorithm

The current most reliable method to track the
edge is by hand, which can take upwards of 5
hours in total to analyze one video. This

method was able to generate data on high fps

BABT videos in under 5 minutes
A sample of 6 BABT videos were analyzed

using the new program and was successful in
tracking 5 deformations accurately.

Conclusion

+ The tracking algorithm is able to quickly

and successfully track edges across a
range of different video qualities and
provide data for further analysis

This video analysis method can be used
for applications other than this such as
analysis of flash x-rays

Acknowledgment
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research that will hopefully benefit our
armed forces.

«  Aspecial thank you to Dr. Karin Rafaels,
Dr. Cynthia Bir and Dr. Alan Goertz for
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Objectives

v We want ta increase the level of autenamy far UOVS In
order to create a more depandable and robust soldier
teammata. Thus we try o answer tho following
questiona
« Gan giobal planning trajectories which use

multimodal inverse reinforeement learning (mIRL)

Imprave  opfimsiity  when  compsred  to

= €31 3H SigVIthm Ba dsaignad Which eficlantly uses
both human demonstration and infervention based on
incoming percuptual data?

= Doea the mIRL approach make the offline tralning
process faster due to less perceptual and adom data
than learning fram demanstration IL?

BAbove: [3] The Cycle of Learning
paradiam. miRL makes use of only
LID and LA

Related Works
The Goecks publication [3] is novel in that it makes use of

odal approach. APPLD{1] and APPLIZ] uza only
and In the context of

the mul

loarning loc:

control parameters. The results shown in

Wigness|4] ars what we hops to optimize n with the mIRL
methodology. While Goesks® appreash Is simllar ta ours, I ls
used in a campletely differsnt application space and makos.
use af & Gifferent Lype oF learning prOceds. It atiempts b
optimize on an autonomous perching tssk for unmanned seral
g (BC). BE has the
raiot 3MempE 1O mimic the demsnsteator Sersas the entive

los {UAVS) and uses behavior clos

state space. IRL, howsver, sttempts to infer the goal state
based on the demenstrater. Cenversely, our approash is aimed
2t optimkzing costmap ganaration for UGVs and we make use
of the IRL paradigm.

7N
' ! DEVCOM
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Above: [4] Highrlevel overview of mIRL
Approach
Leverage multimodal inverse reinforcement learning (mIRL) to
robusily lsarn behovior reward fncons saved e

purcoptual
- optimal policy mmpl.lm by human demonstrations
rvani

g for taking a given path is the the
Sum of the rewaris at gach state (its linean)s 710~ T fis

& Imultlon nforcement learing Is the task of behsving
optimally aned o a glven veward funchion. IRL Is the
opposite task of extracting a reward funetion hased on
semanstrated optimal bensviar

Betow: [4] A Henwchart of the anline intervention paradigen. Nite
that the human expert can dyn:m\n:lly update the reward
function online in this frameworl emonstration pan

ought of as the nﬂllnn version of this while spanning
the entire state sequence from start to goal

- . [ —
;m.w.. el Ot et

and
« Domonstration
Human expert prosctively teleopersting robot in arder
&0 provide aptimsi planning peliey
FRO: Ofara a very richly defined trajectary te ronot
GOMN: Requires more data to achleve misalon success.
« Intervention
+ Human expert reactivsly telsopsrating In order to
Provids correciive actions o rokot moving
autonomously
 CON: Robot st affored optimal policy ta the same
Iewtl oF detail 33 demo
PRO: Requires 1835 43ts ts SEhISve mISSion Sucoess

{2030 a5t 4.
e, o 2l gl

Terraln Aware Costmap Generatlon for Unmanned
Ground Vehicles using Multimodal Inverse
Reinforcement Learning

Experimental Setup

» Wheeled moblle robot teamed with human expert {follawing
optimal palicy) tasked with finding optimal glabal plan to goal
state via an inverse reinforcement learning paradigm
Robot i will_be tesiedIn; &" Urikuonivmere wiatar that

roprosants 2 reakworld o
» Optimal pion fe  waightiod Tastric oT path langéh, fgeroin iypo
grass, gm-l, and asphalt), and terrain slevation
Il o s e s B
Intoruantion dm
+ When expert decldes a certaln chunk of a trajectory
requires Intervention, o loyatiok button s pressed to
hch rabot dats collestlon Inte Interventlon dataset
fact 1 human dataset is demo)

Loft: an axample of
the Warthag UGV
in the Unity

perimental Metrics
+ Modified Mausdort distances . path shillaiy - (MHD) are
measured and mpared against teleoperated graund
frudh iajectories T8 T4 T takeciors, A s trafectory o bo
mpal

h{A. Bl = ” Z

0 (o,
n (o

* Learning from demenstration vs. ground truth

. Couring fram Intaevamiian v grind tns

miRL vs. ground truth

5 Traintg s e e T, S e S
mIRL approach trains offline faster than the LD approach

Hypothe:
* Wo expect to 566 the following outcomss
A

mIRL-plannad vs.

ficant decroase in MHD when comparing

trajectaries
: A negliglhle difference In MHD when comparing
miIRLplanned va. di lanned

< A significant decrease In tralning data required for

waypaint when the

miIRL paradigm to the LfD paradigm

jible difference in tra

: A neg ing data required for

waypoint when the
miIRL paradigm to the Lfl paradigm

ty of
Maggle Wllness, PhD, ARL

et o
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Effect of Sample Morphology on the Plasma Hydrodynamics of Al,O,
Clayton Miller," Elliot Wainwright,2 Jennifer Gottfried?

INTRODUCTION

The differing behavior in hydredynamics of the
plasma resulting from the laser-induced air
shock of micro- and nanc-sized particles of non-
reactive alumina (Al,0.) is explored. Previously,
the laser-induced plasma plume of different
sized reactive aluminum particles was imaged
and shown to have certain species in different
regions of the plume (Wainwright et al, 2020). In
this study, we explore the effect of particle size
vs. chemistry on the hydrodynamics of the
plasma by comparing the plasma of Al,O, to that
of the previously cbserved aluminum.

s g £ 6 ore

pie sk,
S Apck g 4 136, 53 (700

METHODOLOGY

Laser-induced air shock from energetic materials
(LASEM)

+ Sample: Several milligrams of powder pressed
onto double sided tape which is affixed to a
glass slide.

A high energy laser pulse {Quantel Brilliant B,
1064nm, Ens pulsewidth, ~660mJ, ~60J/cm?
fluence) is used to ablate the sample.

Plasma hydrodynamics were imaged using a
high speed framing camera (PCO, HSFC Pro).

i e,
1061 1

Figh saesd
Framing Gamers

PLASMA IMAGING
Plasma is imaged using
band pass filters at
wavelengths at which
species of interest are
known to emit.

+ AlIO-480nm

* Al-400nm

Most notable is the
difference between the AlO
emission regions for nano
vs micro-alumina.
(Camera exposure
increased at yellow line.)

Scale bar for each time regime is 500um.

GATED
SPECTROSCOPY
Spectra are
recorded at
increasing time
steps for each
sample. The max
intensities of the
spectra are off scale
to highlight the
lower intensity
emission. The solid
black line indicates
the gate width
increase at the later
timescale of the

spectrometer in use,

oA A0 H

“/ »\ m._“.n,/' ?

CONCLUSIONS

Particle size has a clear impact on the
hydrodynamics of the plasma resulting from
the laser ablation of a specific material.
Some mechanism is keeping a portion of the
AlC emission close to the sample slide for
only the ablated nano-alumina.

The nano-alumina has distinct intense
regions of emission for both species
mapped. This stronger intensity is also
reflected in the spatially integrated spectra
emitted by the smaller particle size.

The AlO forms where the Al is wealker,
showing that the Al is cooling to form AIO.
Plasma plume growth of the micro-alumina
is driven by a strong vortex ring based on
the shape of the |ate stage plasma plume.
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Motivation

The development of next generation munitions.
[Ref 1] requires developing and testing novel
reactive materials to ensure safe operation
Current methods of using tape cracks to
quantify novel reactive material electrostatic
sensitivity is inherently subjective in nature

An objective method of confirming samples'
detonation (go) or non-detonation {no-go)
status is required to ensure operator safety

Experimental Setup

Electro-Tech Systems Model 931 Firing System
(4mJ-10.5J range tested)

Two photodiodes (488nm and IR)

Two high-speed cameras {10kFPS, 1ps shutter)

Control Madule.
3/ Contre

Firing Test Chamber
l |
256

Osdllloscape ]

|Generator]

Figura 01

Approved for Public Release: Distribution Unlimited

Effect of Aluminum + Graphene Oxide Reactive Material
Sample Preparation on Electrostatic Sensitivity

By Kristi Naude, Dr. Elliot W:

Results
Al+GO Sample: Physically Mixed

GO Py

Juminum Fa b 1t

Approved for Public Release: Distribution Unlimited
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wright, and Dr. Jennifer Gottfried

Objective Criteria
Used phatodiode traces to confirm go or no-go
test results
Initial spike caused by the electrostatic
discharge, with initial signal intensity
proportional to discharge energy
The presence of a time-delayed signal
occurring after ~0.3ms, when the discharge
signal had dissipated, confirmed the test was a
“go”
Lack of any signal after ~0.3ms confirmed the
test was a “no-go”

Conclusion

The physically mixed A+GO sample exhibited
significantly greater electrostatic sensifivity,
igniting once in three shets at 4mJ discharge
and all three shots at 5md discharge

The GO-Coated Aluminum didn't ignite at any
paint during testing, even when exposedte a
10.5J discharge

According to previous work conducted by Eric
8. Collins et al., [ref 2], the graphene
nanoplatelets covering the 3.0-4.5 micron
aluminum acts as a redirector for the electrical
discharge, thereby preventing the internal
reactive aluminum from being ignited

It is hypothesized that the same mechanism is
affecting the electrostatic sensitivity of the
current samples of 110nm aluminum wrapped
n graphene oxide

References
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U Towards

Soldier - 10 feedback:

features
{characteris
tics, skills,

features

Research Objective

addressing the  problem on
information overload in tactical environment,
this research seeks to find an algorithmic
approach to quickly target critical operational
information for dissemination over C3l
networks.

The main objective is to considering Value of
Information {(Vol) problem as a recom-
mendation task problem and hence,
incorporate state-of-the-art methods from the
Recommender Systems’ literature.

Latent
soldier

Latent
1o
teatures

Ohserved 10

mission,
location, features
etc.) (source,
type, etc.)

Reward = f(Soldier,10) + Noise
where f similarity function.

Meotivation

Recent advancements in Data collection
technigues have resulted to low-cost, large-
scale and heterogeneous datasets to which
tactical networks are unable to process in a
timely manner.

The notion of the value of information (Vol)
is developed to support effective com-
munications in tactical networks.

Vel-based methods focus on the challenging
problem of prioritizing and filtering valuable
information to and from dis-mounted scldiers
in a battlefield environment.

Background

Policy-based Vol approaches have been
developed to combat information overload
and to reduce bandwidth based on a prior
mission  contexts  using deterministic
approach.

@j UNIVERSITY OF
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RESEARCH ON DETERMINING
ADAPTIVE VALUE OF INFORMATION

M ARL Mentor: Jade Freeman jade.l.freeman2 civ@mail.mil
Summer Intern: Konstantinos Pantazis kpantazi@umd.edu

Directorate: CISD

= Recently, automated procedures such as
Contextual Multi-Armed Bandits (CMAB) have been
propesed to complement existing approaches. Yet,
they do not take into account
+ soldier relational data,
« arrival of new soldiers and
+ time-evclving environments.

Proposed methodology

1. Develop a graph representation which encodes the
mutual relations among soldiers [1] and implement
collaborative filtering via matrix factorization
techniques to account for the relations among soldiers
into the reward function.

Reward = f(Soldier’s peers,10)
+ f(Soldier,10) + Noise
2. Incorporation of a drift term w [3] to simulate
changes in soldier's preferences over time.
Reward = w [f{b't)[d'i('? s peers, [0)+
+ {Soldier, 10)] + Noise

3. Integration of Combinatorial CMAB schemes such
as CUCB [2] for multiple-object recemmendation.

Future work

= Appropriately integrate the proposed methodology into
a learning algorithm (Combinatorial CMAB) for
prioritizing and filtering 10 in dynamic tactical
networking environments.

* Provide desirable theoretical guarantees such as
optimal regret hounds.

« Evaluate algorithm’s performance empirically and/for
theoretically based on simulations.

Acknowledgements

+ 1thank Dr. Jade Freeman for her guidance and help throughout
summer.

* | also thank ARL’s intemship program for providing students the
opportunity to participate in meaningful and hands-on research.
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Scene Understanding for Threat Classification for

Natural Disaster Images

Abhay Patel, University of Maryland College Park — DoD Researcher apateld9@terpmail.umd.edu

Mentor: Dr. Adrienne Raglin, US Army DEVCOM Army

« Computer vision techniques handle tasks such as
classification and detection.

+ 5cene understanding of images through computer
vision is particularly complex.

_Jo

Un-Labeled Image Labeled Image

The research objective is to create a model rhat
uses cavsal r Jor scene
classify threats.

Rationale y

» Current scene understanding techniques can
detect and classify multiple objects and their
context within an image.

We can create datasets that emulate natural
threats by using images of natural settings that
may contain indications of natural disasters.
Our approach is to layer an object classification
maodel within a deep neural network {DNN)
that uses cousal reasoning to identify threats.

* Visual indicators of threat-related object in natural
disaster are not always detected.

~ Best performance for fire
related images with accuracy
of roughly 30% across.
samples.

Roughly 20% accuracy across
samples indicates challenges
for flood and earthguake
images (i.e. problems
detecting water} as well as
earthquake images.

Lowest classification for image of floods and
earthquakes due to subtle cues.

Example Labeled Fire Image

to
Discussion/Conclusion

Implementing a dense model allows
classification of each pixel, allowing
for the water in the flood images and
rubble in earthquake images to be
detected.

Utilizing a model that learns intended
subtle visual cues may improve
performance for specifically flood and
earthquake related images

Retraining an existing causal reasoning
hased model may improve
performance for learning visual cues
that indicate threats for these types of
scenes.

Flogd Images

27
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Team Lead

= Define robust models to ensure transferability of the
model to different classes of images.

= Anzlyze the results from the causal reasoning

approach to see what cues the model learns.

Evaluate the multiple object classification to ensure

key objects are detected.

Explore data augmentation technigues that preserve

visual cues to address data limitation while ensuring

the desired causal relationship is learned.

=+ Utilize causal exploration to improve perfermance of
scene understanding to identify threat scenes.
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Fabrication, Testing, and Application of
DEVCOM  Betavoltaic Devices

Student: Jeffrey Read Mentor: Marc Litz

i

Reservoirs

Testin + Inorder to contain the liquid Ni-62 or Tritium, we need to make
esting and secure @ UV cure epoxy reservair 1o the InGaP

AbStraCt Each InGaP must be tested to determine whether the device
Betavoltaies are @ power source that hamesses energy from radioisatopes 10 responds as a diode, resistor or open circuit, On an IV-chart:
produce electriz pewer, Sinoe radiolsotapes emit high-energy particles for

long pericds of time, these devices are ideal for extended duration sersing of

UV cured epoxy is a strong but soft material perfect for use on
delicate semiconductors
« First, | 30 printed a mold
which we could then fill

*  Theresistors start at a high current, drop ta zero current at

medical implerts. While semiconductor materials are readily available to zero volts, then continue the linear current drop with

harnass the particles, cansistent fabrication and ssciaging of prototypes is voltage. with silicon
still 3 challergs and will require new manufacturing techniques for higher +  Adiode will begin with a low current then suddenly switch « Once this solidified, we had
dansity intagration. Of the svailabla semicontuctar materials, InGa? is best on somewhere between 0.7 and 0.8 volts and conduct a silicon mold which we
suited 10 our needs and is cheap and available. The - curves were electricity much more freely could fill with epoxy to
generated for 1cm2 semiconductor chips to determine diode quality and + An open circuit will conduct minimal current and never _ make reseroirs

pe fstics, To contan the rad epofthe switeh on - The epoxy doesn'tstick o
semiconductor, we faaricated reservoirs from UV cured resin in specially -

silican, which is why it was
necessary to use a silicon
mal

designed Silicone molds, The mold required design of a 30 printed fixture,
Reservoirs were sealed to the InGaP devices that were then mounted on
copper groundplanes. Wire bonding fram InGaP o graundplane completed
the electrical connection in the device fabricz tion process. With the devies
fuly fabricated, we can 2dd radisisotape to completa the betavaltaic. Futurs
sffarts will investigate stacking and their connections along with arrays
towards the goal of 10mifez power sources 1 aperate devices for lang-term
military spplications.

PV Device Mounting

Overview « The manufacturing process includes carving
a capper coupon to separate the positive
*  Betas transfer kinetic energy to the semiconductor, freeing and negative
electrons. The electrons hole pairs {EHP) near the depletion « Silver epoxy Is used o attach the device to

Eetewtmermsie the copper board
-

* Positive side is then wedge bonded to
contact bar on device
* Wires are sauntered to the copper board
+ The semiconductor must have a depletion region for current to » Final step includes epoxying previously
be induced shown reservairs ta center of device using
[ ] UV cure epoxy

Summary
. Betavoltaics are power sources that enable sensors to operate g

in remote locations for many years without maintenance

region then separate due to the built-in p-n junction and flow
10 the negative and positive sides, respectively.

»  Semiconductor options include InGaP, SiC, GaN, Zn0, and
more, which all vary in bandgap

e v m lavars e

*+  Betaemitting radicisatopes are the easiest decay praduct to "3 Acknowledgements
7 shield and are safe for soldier aperations
5 : 1 wiould like to thank ARL for allowing me ta learn about
£ +  Increasing the energy tlensity of these power sources is this tachnology and! providing the FRSOLIMERS 1o db £0.
g dependent on our ahility to manufacture arrays or stacks of I would especially like to thank my menter Marc Litz far
% these devices his guidance and expertise, as well as Randy Thompson,
5 + weve explored seversl techniques to fabricate these arrays Mohamed Doumbie, and Muharmmad Khan for their
for the highest energy density power source [RERPI immeasurable help
+ Packaging these devices is a tricky vet necessary final step 141 Chriszopher | Thomas. Samus! Portroft, and M. . Spencer. "Hizs effciency 4K-51 betavaitalc
towards applying Betavoltairs to military applications pavtrar saurces using tritium radicisotopes.” Apslied Physics Letters 108, 113505, 2016

Power Density (Wika)
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NMR Structural Determination of a Cyclometalated Iridium(ll) Complex

Student: William R. Roberts, wrrobert@buffalo edu
Mentors: Dr. Ryan M. O’'Dannell, ryan.m.edonnell12.civ@mail. mil
Dr. Thomas Rehrabaugh, Jr., thomas.n.rohrabaugh.civ@mail. mil
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[ Background

Inspiration

Conclusions

Commen spplicatons for cyelometalsted indiumlll complexes
mmude solar cellssalar eneigy conversion,  phatodynanic
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Befier able 1o nalyze Mese samples, ol VNt pesks

MR Specium of [s species were delnively o
i shasan b

in he
one g o

characeniali

Characteriz.
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[ NMR Spectroscopy |

NKR  [Nudes  Mannefic  Resonance)  spechoseopy
envompinsses @ variely ol experiments, all ol which locus on
analyzing the cleclronic environment of all nusici of a iven by
in @ sample. The instrument (an cxample of which is chown
belew) uses 3 zambination of magneliz fields and radio wave
detastors o generate a epeckum. This spechum is unigue for
eseh speces, making i a common method for determining A
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et g e hos e gonen i, e vt T ) [ P

s il s 1o D armm—) i
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Experiment: COSY NMR

Ths g Sone expinend cofuns oich praky e o

Experiment: NGESY NEIR

This threugh space axperiment allows for definiive assignment of
e final

th peske erising fram protons an the benzathiazole ring
Evpenment e eged 5 266Igh e peaie o the phenyiing.
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The State

The charaterization rowtina established for this complex
provides a straightforwsrd method for NNR-besed structural
determination of complexes belonging 1o its general class.
Regeans for uaing this method include
Detennining definitive pesk assignments fo the
apeatum of a spedies.
Vertting that warlons demhistves lisve bes symeszes o
ienced, sics
Galhering siruchmal
crpilullagiaphy

HONMR

elarmation wilhaul Uhe we ol % vy

Future work includes:

+ Generating 2 wite-up of this tharacterizabon method for
publication,

+ Potantially, repesting this characterization for ssueral similer
complexes,

+ Generating 2 lefter-styie publication summarizing the reaulte
he solvent optimization project.
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Online Network Adaptation

Matthew Schack - Colorado School of Mines (mschack@mines.edu) T
John Rogers - Army Research Lab (john.g.rogers59 civ@mail. mil} ES
Motivation Method + Wvhen a pair of points violate either
region model, we attempt to add the
« Communication is important for robotic teams to - We seek to create a network model violators to a neighboring region. If no
consider as it allows locally collected information where the signal strengths recorded (S) region can take the neighboring points,
to be distributed to the other team members. between robot positions is within some then we split the region into two smaller
user defined allowable deviation. regions.
+ Communication models computed offline can be Sampled Strength Sampled Point ———
inaccurate due to unknown environmental ] Sample Points
factors-—e.g.. unseen walls or jamming agents. ‘.r‘\/[ (-’71: -Iz) - C‘ <dV (‘Tl y L2, C-) =
« Online models can be more accurate, but also Communication madel Allowable deviation * No
more expensive to compuite, hindering their » To create this model. we partition the Model violation?
scalability to large environments. environment into regions, and define a valid nsighbor] L
network model between regions Tound| Yes
+ Ourwork focuses on a way to adapt a (inter-region model) and within regions
communication model online while partitioning (intra-region model). If a sampled point Grow Neighbors
the environment into regions to improve doesnt fit a model, we break apart the e
scalaoilty regon e
R ¢ Inter-region model is defined by linear Split Region
Previous Work kel smlato {Fink 2013) The P
model’s parameters are found by finding
+ (Fink 2013) partiions an environment into a best fit line from the sampled points. Acknowledg ment
reglons and learns a linear model for powerloss Sampled Point Allowable deviation »  Iwould like to thank ARL for the
between regions, improving scalability. a0 — ay log(jr all) e s ges opportunity to participate in meaningful
However, it requires that the regions be g ORI S i ot b research that will hopefully benefit our
determined by some other algorithm. et Sampled Strangth armed forces
Best it parameters
« (Twigg 2013) creates a k-means clustering +  Intra-region model has the same +  Thank you to Dr. John Rogers for his
algorithm for grouping space into regions with constraint as the inter-region model guidance and help during this project.
similar network characteristics. However, the along with & constraint ensuring that the
determines the amount of regions based solely drop in power is always low. Rejﬁ”
on enwropmentswze rather than network a 1()24('“,' — 25|} € e V@1, 22) €R
characteristics e Gk o
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Abstract

Object detection is an important tool that can be used to track
multiple key interests without the need of human intervention. This
can be achieved through development and training of Artificial
Intelligence systems designed to help users identify and track
objects given a large amount of data. The YOLO object detection
system {You Only Look Once), is a public repository that allows
users to identify objects in an image. Development of such
systems requires the Al to train over multiple iterations of object-
based images to fully comprehend the object and how to find/track
it given new images. The amount of preliminary images required to
develop these systems is currently sparse, so a new methed of
achieving data is necessary. This can be achieved through
synthetic data generaticn. One promising way tc generate
synthetic data is using Cycle-GANSs to transform one type of image
into another. Therefore, we can use this to generate IR data given
EO data and use that to train YOLO. To test this method's
effectiveness, we need to compare this to real world IR data to
determine its use cases. Experimentation is needed to find the
optimal conversion from EQ to IR, but ultimately, this process will
help to facilitate our understanding of synthetic data generation.

Background

YOLO ohject detection requires a vast array of images to preperly
train and test its model, but there is a shortage of the most relevant
target datasets that must be addressed. In order to combat this
issue, we have looked into the use of Cycle-GAN systems to create
synthetic data that enhances the existing datasets for YOLO
training. We believe that Cycle-GAN will produce IR data that will
impreve YOLO detection performance. This project aims to highlight
the benefits and costs of using a Cycle-GAN system to generate
synthetic data and how it can be used to train YOLO medels.

Experiment

In this case, a Cycle-GAN model was created to
make horse images look like zebras. Then, a horse
image was fed as an input.

Horse Image
V
Cycle-GAN
V
Zebra Image

Comparison of Cycle-GAN Generated
Synthetic Data on YOLO Object Detection

Student: Avik Singh, aviksinghsemail@gmail.com
Mentor: Matthew Thielke, matthew.d thielke.civ@mail.mil

Results

From the images below, we can see the result of converting EO
data inte IR, which shows the data that will be processed by the
YOLO object detecter. These images were taken from our second
iteration of the Cycle-GAN model. During our testing of the YOLO
object detection program, we will determine which Cycle-GAN
model provided more accurate data for us to use.

Original IR Image Synthetic Data (Fake) Original EO Image

Discussion/Path Forward

To improve upon this project, we can test the validity of using

synthetic data by training different Cycle-GAN models with

different parameters to generate synthetic data. The YOLO object

detector will be trained with synthetic IR data and tested with real

IR images te determine the viability of the synthetic data to he

used as training data with the YOLO object detectors. Further

experimentation is required to answer the following questions:

® What is the scope of data needed to perform well on YOLO?

® What version of YOLO performs the best given CycleGAN
data?

® What other types of data (other than IR and EO) can be
generated using CycleGAN?

Acknowledgements

e Army Research Lab

e James Uplinger, james.r.uplinger?.ctr@mail.mil

e Cycle-GAN github repo:
https://github.com/junyanz/pytorch-Cycle GAN-and-
pix2pix
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Information-Directed Reinforcement Learning

DEVCOM

ARMY RESEARCH
LABORATORY

Wesley A. Suttle, Ji Liu, Alec Koppel
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ViChi Tran
River Hill High School

QVERVIEW

Future Army applications require a battery with good
performance under fast charge rates at high
temperatures

Lithium-ion batteries are good candidates, but to what

extent can they perform under a range of temperatures

at fast charging rates?

(1

" OBJECTIVES

Compare two types of li-ion pouch cells and observe

their performance at different temperatures under fast

charge and then determine the possible source of
these differences

Analyze cycled cells with XRD and SEM to pinpoint
the source of any possible capacity fade

&)

APPROACIH

Prior to cycling, we dried and filled the cells with
electrolyte and carried out formation cycling fo get
baseline performance.

We tested NCA and NCM811 cells under each set of
conditions, collecting data points to determine cell
performance.

RESULTS

NCA at 20C Discharge Capacity by Rate

-
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Baseline data
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NCMB811 ar 20C Discharge Capacity by Rate
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Fast Charging of Lithium-ion Pouch
Cells as a Function of Elevated
Temperature

ARL Mentor: Dr. Jeff Read
Directorate/Division: SEDD/ES

NCA battery capacity quickly deteriorates under faster
charge and higher temperatures as shown in the
graphs below.

NCA at 40C Discharge Capacity by Rate NCA 1 6OC Discharge Capacity by Rate
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The NCM performance at elevated temperatures is
significantly better but shows more deterioration as
temperatures increases.

NCM&11 at 40C Discharge Capacity by Rate NCMB&11 at 60C Discharge Capacity by Rate
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CONCLUSION

« Qverall, NCAs cannot withstand higher temperatures without
rapidly decreasing in capacity.

» NCMs perform better than NCAs in elevated temperatures,
although generally both have much lower capacities at faster

charges.
REFERENCES

. Photo: https://newatlas.com/bae-gcv-hybrid-tank/25113/
. Ahmed, Shabbir, et al. "Enabling fast charging — A

battery technology gap assessment.”" Journal of
Power Sources, pp. 250-62. PDF.
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Andrew Velasquez
Master of Science

University of California, Merced

EVALUATION OF FATIGUE AND
WEAR ON ADVANCED MATERIALS
IN LOW VISCOSITY FUELS USING
REPEATED IMPACTS

ARL Mentor: Stephen Berkebile
Directorate/Division: CISD/VICTOR ERP
Internship Duration: 06/01/2021 to 08/20/2021

BACKGROUND

High pressure fuel pumps are essential components in air and ground
vehicles, but their material compositions vary based on their application.
Ground vehicle fuel pumps in the Army are designed for diesel fuels but
the Army operates on jet fuels. Lubrication properties of jet and diesel fuels
vary, leading to improper lubrication in fuel pumps increasing wear and
fatigue in pump components.

Project is continuation of previous approach for failure analysis of check
valve system in high pressure fuel pumps. An apparatus was made to
simulate ball impacts against orifice in the check valve using a solenoid to
drive a steel ball into a selid flat material submerged in jet fuel against a
load cell.

MOTIVATION

Previous impact apparatus had some design problems which made for

collecting data from impacts a little difficult. Problems include:

X Epoxy holding frame jeints together becomes unstable in the presence
of jet fuel.

X Helder housing fuel and sample too large requiring unneeded amounts
of fuel.

X Solenoid linear reciprocation inconsistent.

Load Cell

solenoid

- _.

OBJECTIVES

v Improve the impact apparatus frame for holding solenoid.

¥ Design smaller holder to decrease amounts of fuel needed for testing.

v Generate high cycle fatigue impacts of ball against various materials
submerged in fuel.

¥ Determine which materials resist abrasive fatigue for longer life cycles in
fuels.

F-24 fuel F-24 fuel
wear scar wear scar
on ballin an ball in
ar nitrogen

APPROACH

To reduce manufacturing costs for designs, pre-machined aluminum
frames were used to make an assembly due to its low machining cost,
material price, and corrosive resistance. The method for generating
impacts followed the previous method of controlling a solenoid and load
cell using a microcontroller. Evaluation of wear on impacted material will be
analyzed using optical microscopy and interferometry to view the surface

RESULTS

Machined
aluminum disk

attaching fuel
bath to load cel

Return springs

Callet
Fuel bath

Solenoid

\

Load Cell

Impact spparstus frama
assermbled Wi offthe-
shalf parts and minimal
medificaton. Material is
aluminum.

Rail system to
move solencid
wertically on

Beam to attach
solenaidto rail
system

Wstal plate
resting load cell
an frame.

# Finish assembling the impact apparatus with solenoid and load cell
attached

# Test ball impacts against varicus substrate materials in different jet fuels
and cther fuel types.

~ Perform post test microscopy analysis on ball and flat material
differentiating wear mechanisms towards failure.

» Make table of material combination impacts and determine which ones
resulted in less wear.

REFERENCES

b an Blubbsch o1 . Fuel Prozsing Tochnology 173 2015)

81 Prossassing Technology 122 (20114
9 Nay. 2018 i rduina b,
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Developing a Property Linked, Parameter Driven
DEVCOM Model of UHMWPE Plate Material
A Travis Wagner, BS/MS Mechanical Engineering

Mentor: Dr. Richard Becker
WMRD-Physics of Soldier Protection ERP

Introduction
Ultra High Molecular Weight Polyethylene (UHMWPE) plate material is a highly anisotropic composite used in

various armor applications. The material comprises of two main parts, the UHMWPE fibers, and the matrix
within which these fibers are constrained. The material is highly modifiable, mainly by changing the fibers, the
matrix, and the consolidation process. The goal of this project is to further the development of a model, which
has input parameters that are linked to the physical properties of the material. This will allow the model to both

predict experimental perfformance and suggest change in the manufacturing process.

Left: A schematic showing the
hierarchy of UHMWPE material

makeup.
(Lisres e lbens Right: An image showing the
¥ Single Fiber. Polymers alignment of the fibers in UHMWPE
d plate material. The matrix would be
present between the fibers in the

voids.

Modeling UHMWPE Fiber Composites

Modeling each fiber and matrix layer explicitly is limited by computation, therefore a homogenized material
model is used to represent multiple layers at once. This homogenized material model represents the
contributions the fibers and the matrix have in the mechanical behavior, along with other mechanisms present
between the two materials. Properties of single fibers are well known and can be entered, along with bulk
properties of the solid. The response of the composite under combined loading yields the most difficulty, with
multiple mechanisms governing the response in different regions. The model was fit to the load response and
strain contours of short beam shear and three point bending experiments. Modeling two similar experiments with
different geometries tests for robustness that cannot be determined from a single experiment. Below, the
experimental and simulated contours can be compared. Note the angles of the strain bands, and the off-
centered nature of the main band, which was matched by modifying the material model.
(a) The experimental short beam shear strain

cantour of Tensylon HS.
(b) The strain contour of the simulated Tensylen

short beam shear, using the updated
. continuum model. The model was modified
] and fit fo achieve this response.
Adding Mechanisms to the Model

The model was changed to add a different fiber modulus that becomes active under compression, which is

being validated by ongoing experiments. The model was also edited to include a strain hardening effect into the
slip mechanism. The compressive modulus was added to capture the yield stress difference between the short
beam and three-point experiments. Slip hardening was added to adjust the contour geometry.
Acknowledgements
Special thanks to Dr. Richard Becker, Dr. Daniel O'Brein, Dr. Christopher Hoppel, Dr. Andrew Tonge
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Motivation

& Current Army fuel pumps experience wear
at metal interfaces

Lubrication by low viscosity fuel = main
cause

Better understanding of tribological
interactions and surface phenomena
between steels and fuels — better
companent performance

Methodology

& Measure baseline friction coefficient with
n-dodecane on 52100 and D2 steels

e Determine friction coefficient reduction via
experimental matrix:

* | @ EI'EVEDM

Trial/Soak [Ohrs 0.5 hrs|3 hrs |15 hrs |24 hrs
Time

1 0.206 0.0469|0.073|0.105 |0.147
2 0.207 (0127|0178

3

Standard Sample Parameters:

Vickers Hardness 374 £ 18 HV0O.3

Avg. Surface Roughness, R, 20.2+ 2.7 nm

Tribological Conditions:

Vertical Load 2N
Frequency 5Hz
Duration 1hr

UNCLASSIFIED

Harry Wise

Tribometer diagram showing relative motion between ball
{gray) and sample (blue)
Post-test processing:
+ Raman spectroscopy to detect tribofilm
formation on ball
+» Confocal microscopy to determine wear
volume of ball and sample

Goal & Hypothesis

* Goal: Determine the soalk time effect on
friction coefficient of dodecane fuel

+ Hypothesis: Increasing soak time causes
reproducible decrease in friction coefficient
due to increased adsorption of molecules
to surface

Results

1% 15
Sowking, 17 L

36

Effects of Dodecane Soaking Time on Friction
Performance and Wear on Stainless Steels

108 SZI00 Flai Wiar v Sonking Tir

10 15 20 25

Soskiug Lo (L)

» COF is reduced significantly within first 3
hours of scak time

# Extended soak times (15 and 24 hours)
increase COF slightly

* Wear volume on ball and sample reduces
with soak time; consistent with COF

Next Steps

» Complete 3 tests per soak time for better

statistics

Complete tribotesting matrix of 52100 and

dodecane

Select 2 or 3 soak times that lead to the

best friction perfermance and test under

varying temperatures

Standardize grind orientation to increase

reproducibility

Acknowledgements

» Dr. Q. Jane Wang, Dr. Y.H. Chung, Dr.
Stephen Berkebile

* Tobias Martin, Ph.D student
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Heart Rate Synchrony using MDRQA
DEVEDM Julie Young Mentors:

ARMY RESEARCH Univ. of Maryland, CP Greg Gremillion, Brandon Perelman
LABORATORY Data Science and Applied Math  HRED HAT ERP Office
The goal of this project is to: Test cases: signals being evaluated (left) and recurrence plot (right)
= Evaluate team states through real-time physiological ;i ok :
measures to inform team reconfiguration Synchronous
= Measure biological synchrony by performing gu?_glrsecurrence)
MDRQA on heart rate of dyadic operaters pairs 9
— - — Asynchronous

Coerdination patterns between multiple physiological (low recurrence)
signals over time indicate teamwork? signals
Trust building activities have been shown to correlate to
greater physiological recurrence between dyad pariners
than in dyads that do not engage in trust building® Hean rate (HR) S|gnals for uperalors A, E D, and E
Expect higher physiological synchrony {recurrence) in . 3
dyads performing coordinated tasks (building trust) N Ww | " s 2

E E & §1
L ietodoiaay s M| 'e AR il il
Utilized previously collected pre-pilot test data of crews a = —— s = S
operating ground vehicles in simulated combat mission Time (s) Time s Tena T (9
for varying crew configurations &3 Conti Recurrent plots for match pairs (AB and DE) and unmatched pairs

iz 2o, T Revi = (DB and AE)

=

4-1 Gonfiguration
= Rev

= ;

BE o ; 1000

Recurrence metrics for each pairing

Recurrence plots and metrics did not indicate a trend of higher
synchrony in HR signals of matched dyad partners as compared to
unmatched operators

May be due to limited quantity of highly noisy data and limited
variation in trust and teamwork during interactions

interval, respiration waveform, and 3-axis accelerometry IAB DE DB AE
Mean Length (Diagonal 2.50] 243 291 254

_ Mean Length {Vertical) 2.95 2‘7.7 S.éO 2.84
Max Length (Vertical) 19 22 51 47]

different vehicles to evaluate physiological synchrony

synchrony within signals Utilized cpen-source MDRQA

Captured measures of ECG waveform, interbeat

from lightweight wearable wireless sensor belt (Zephyr |_Recurreme (%) 0.97] 108 1.01 1.05

Bichamess) |Diagonal Adjacency (%) 50.3] s3.0[ s57.1] 581
Max Length (Diagonal) 16 20 43 46
Vertical Adjacency (%) 79.0] 84.2| 808 839

Compare recurrence metrics of matched dyads (gunners

and drivers) within a vehicle to unmatched dyads in

Multidimensional Recurrence Quantification Analysis

(MDRQA) is a recurrence-based analysis that measures

algorithm 4 that provides:

= Recurrence Plot — visual representation of recurrence

« Recurrence Metrics — statistical information including Evaluate recurrence metrics on other physiclogical modalities and for
percentage of recurring points, determinism, percentage moving windows of smaller time intervals
of diagonally recurrent points and percentage of Compare recurrence metrics against self-report measures of
vertically adjacent points, along with standard statistical teamwork and team trust

measures (i.e. mean, max, min) Perferm analysis on human subjects data with greater data quality

and quantity
Further my experience in working with data and leaming different

1 | k. Bheekley, M. Buhwoll, L2 7 bl ( S wegoher, Criss roeurrence guannfieancn of soupled H

ascilators, S e, types of analysis
S TN Marwun, XX, Weser]. e lelil A Sutordewar, 1K urlbs, Reanzese-plobuse]

onmpleadty ol s aoplalion 1o bear-vate-vuniubalily dote, Pl s, Rev, EGE (20
a S ‘-]‘ % el s L Alex Danvers Jonroy Canady
o bsicton: ) .

& At Sean Fitzhugh David Chhan

a Revurrene Quantification Joe Rexwinkle
al Tine-Series: A Sullwars
GroupLevel Dt in Joinl Aticn.
Freniors i sctetgy. 7. Mg oeg? 103 WK Py 3 20 1435 UNCLASSIFIED
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« There is a need for transistors in computers to be
made smaller and with greater memory capacity.
« Floating gate devices combine a logic and memory

to

Semiconductor  Thickness (nm) Voltage Applied Current Density
(v} {afnm?)

UNCLASSIFIED

EVLCOM OPTIMAL CONFIGURATIONS FOR FLOATING GATE TRANSISTORS

Zurl Rashad, Hampton University — DoD Researcher, zurirashad@gmail.com
Mentor: Dr. Sina Najmaei, DEVCOM ARL ALC {Adelphi, MD}

* The goal is to simulate the range in current densities
using as many semiconducting materials as possible,
including titanium oxide, aluminum oxide, tungsten

Barrier Oxide

component within a single transistor to operate WSe; > ALO; 0.1-2.0 0.1-2.0 0-400 59'9”'_‘19' haf"'um_ DX'dE_r and S"'CDH nitrate. _
memory and logic simultaneously. « Studying the configurations with different tunneling
. Finding semiconductor materials with a wide methods, such as direct tunneling and Schottky
variation in electron band gaps will allow the WSes > HiD, 0120 0120 0400 emissions, will also provide a more accurate
floating gate device to have a charged trap effect prediction on the current density within the device,
# * The strongest results will lead to building a
Wiy > SN, RET T ) prototype in the laboratory will provide the best
L2 1zNg. - - -

A semiconductor (WSe.}, barrier oxide (Al 03),
and tunneling exide (TiQ,) are stacked from top

estimation of voltage outputs from the floating gate
device.

to bottom while being placed atop a doped
substrate and connected to a voltage source.

* When the power source is on, the electrons
should have enough energy to jump to the
conduction band (blue) and when powered off
the electrons move down to the valence band
{purple}).

TiOZ2 vs Al203 vs WSe2

]

e

w o

Each template has its
own color palette. It is
the top row of colors
under the “Font Color,”

“Shape Fill” and “Shape

Qutline” menus

Discussion,/Conclusion

Acknowledgements

» A Review on Conduction Mechanisms in Dielectric
Films [Fu-Chien Chiu, Ming Chuan University)

« Hampton University Department of Defense STEM
Scholarship

« Army Research Laboratory, Adelphi Lab Center,
Sensors and Electron Devices Directorate, Advanced
Electronics Division

Using the Fowler-Nordheim Tunneling equation, the
current density was calculated for barrier oxides with
a width between 0.1-2.0nm, and a voltage input
between 0.1-2.0V.

A high current density indicates that the barrier oxide
can trap charged electrons even when the device is
powered off, indicating that the floating gate device
has nen-volatile memaory properties.
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