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USING MACHINE LEARNING TO PREDICT

BAND GAPS OF METAL-OXIDES

Achyuth Manoj, Sajib K. Barman, Muhammad N. Huda
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PREDICTING BAND GAPS OF BINARY TRANSITION METAL OXIDES USING LINEAR REGRESSION

INTRODUCTION

« Density Functional Theory (DFT) is
currently used for band gap predictions,
but it is computationally expensive.

+ Goal is to use Machine Learning as a
compromise between reliable prediction
and low computational cost.

+» Hypothesis that there is a linear
relationship between band gap and
properties of the atoms in the unit cell of
the materials, also known as features

«“ The purpose is cost function
optimization to find best fit model to
predict band gaps.

+ 3d and 4f transition metal oxides are
targeted for the purpose of this project.

<+ Algorithm developed using Python for
the calculation of the radial distribution
function, bond length and coordination
number.

FEATURES USED

Oxidation States of anion and cation
Formation energy of compound
Covalent radius of anion and cation
lonic radius of anion and cation
Coordination number

Bond length

Radial Distribution Function

FORMULAE

0 The formula used to represent the linear
relationship:

ho(X) = B + 0;X, + 0,X, + 0%, +.....
Where hy(x) is the predicted band gap,

x1,x2,x3,... are the features, and 61, 62, 63,

are their associated parameters

Q The formula of Cost function which is
minimized to find best model:

1(8) = 1/2%2 4 (he(x)-y(x))*
We want to obtain 6, 6,, 6,,... as the

result of the model, then we use the first
formula to predict band gap
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METHODOLOGY

The data is divided into two sets, a training and validation set. The
training set is used to train the model and update the parameters. The
algorithm used here is known commonly as Stochastic Gradient
Descent, which uses the hypothesis to predict the target from the
training set, and the error between the prediction and the given output is
used to update these parameters and the amount by which the
parameters are updated are affected by a learning rate that we provide.
Once we obtain a set of usable parameters, we then use a second set,
known as the validation set, and compare the predictions made by the
algorithm with the targets of the validation set. The cost function is a

useful tool for comparison here.

PRELIMINARY RESULTS

Predicted vs Actual Band Gap

Predicted Band Gap (V)

)
Mn,0; &
273 Fe,0,

10 2,0 30
Actual Band Gap (V)

NEXT STEPS

v Optimize the model using Cost function
v Explore relative weights of the features.
v Explore other features for the materials

v Explore other types of fitting

v Follow the same process for 4f transition metal

oxides

DISCUSSION

Al features used were found
experimentally, but the target values of
band gap in the training set were obtained
theoretically by GGA+U calculation.

The target band gaps of validation set
were found experimentally (except VO
which has GGA+U calculation).

Due to this, most of the predictions are far
off, but ZnO was predicted with some
accuracy, showing room for improvement.
Suggests that experimental band gap will
be more suitable for the training than GGA
calculated values.
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How to set up a lab

My journey with the brand new Ghose lab

Rebekah Lanning, Idara Ekong, Karen Juanez, Ginger Clark, Piya Ghose

Introduction

This summer | have been taking part in Dr.
Ghose’s project “hypothesis driven gene
identification of /np-7 (Lunapark)” In Dr.
Ghose’s lab we study cell biology,
developmental biology, genetics, molecular
biology, microscopy and cancer biology. One
of the most essential and unexpected skills |
developed this summer was how to set up a
lab. This summer the Ghose Lab was brand
new a C. elegans lab and | learned an
essential skill as a future researcher looking
into becoming a professor.

of opening

EssentlalasIaIO

Background

* A PhD and scientific training

* Aresearch question: Compartmentalized
Cell Elimination
A good lab team
Sufficient funding
A strong research university
A good lab space
A good model system for research

Lab checklist
Clean the lab and bench area
Build necessary organizational
structures (shelves)
Clean all glassware
Interview students often
Write protocols
Learn about lab safety
Equipment

Project directions
Wild-type ns824

v

Whole genome sequencing

4 N\

Wild type ~300 mutations

has no studied literature and

mutation gene list and found
an interest in Inp-1/
Lunapark

Scoring/characterizing the mutant

‘ —
E Testing different modes

of identifying the gene

1) Rescue

= »

2) Creating a Phenocopy
A) Using an outside allele

B)CRISPR (targeted
gene manipulation)

Turning point

Z N

snp-mapping Further analysis on

the gene and
@ phenotype g
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Personal Contribution

My most prominent contribution was
. Interviewing

. Protocol writing

. Presentations

Personal experience

The skillset | have developed this summer
will allow me to successfully continue as
an undergraduate researcher and beyond:

Scientific article reading
Presentation
Bioinformatics skills
Working collaboratively
Basic microscopy
Analytical skills

Basic of cloning

Basics of CRISPR
Remote work

Self awareness

How to set up a lab during a
pandemic

Conclusion

As | continue to develop as a researcher in

i the Ghose lab | gain more transferrable and

analytical skills over time. In the future, |
would like to produce more data and learn

| how to make posters with less words and

more data and diagrams.

Motivations

Basic scientific

Tanngsnd et |

hid A, Insley P, et al. EFF-1 fusogen prom
ell process clearance in Caenorhabditis elegans

3-399. doi:10.1038/541556-018-0068-5

r E., Gattiker A., Hoogland C., Ivanyi |., Appel R.D., Bairoch

er for in-depth protein knowledge and

Nucleic Acids Res. 31:3784-3788(2003)

3.National Center for Biotechnology Information (NCBI)[internet]
Bethesda (MD): National Library of Medicine (US), National Center for
Biotechnology Information; [1988] - [cited 2017 Apr 06]. Available
from: hitps://www.ncbi.nim.nih.gov/

4.[15] Serial Cloner. Vers. 2.1. 2015, web.

5.WormBase: a modern Model Organism Information Resource.

Paulo Nuin, Michael Paulini, Daniel
Russell, Gary Schindelman, Kimberly Va v
Gary Williams, Adam Wright, Karen Yook, Kevin Howe, Tim Sched,
Lincoln Stein, Paul W. Sternberg (2019)

Nucleic Acids Res, gkz920
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Self-Diffusion in 2-D Silicon Nitride

An investigation into the temperature dependencies of silicon nitride using molecular dynamic simulations

Jonathan Coria, Dr. Peter Kroll

Introduction

Silicon nitride ceramics are poly-crystalline
structures that can have high temperature
resistances. Being able to understand the
interactions and movement of these
molecules at high temperatures can provide
useful information to those seeking its
potential. The goal of these molecular
dynamic simulations is to acquire a mean
square displacement and relate it to a
diffusion coefficient that can then be used to
find activation energies using each
compound’s temperature dependencies.

Methods

The simulations are conducted in a
molecular dynamics program known as
LAMMPS. By setting up an input script and
giving ample time for the simulation to run,
data that provides information about the
mean squared displacement of each element
present across certain times and
temperature ranges.

Data extraction from simulations

* The initial step is to create a graph
comparing the mean squared
displacement of nitrogen with respect to
time. This is done in order to find the
slopes of each mean squared
displacement line across different
temperature ranges.
Using the slopes, one can then create
Arrhenius plots by calculating the natural
log of the slopes with respect to inverse
temperature to calculate the activation
energies for certain temperature regions.

There are 6 different models on which these
simulations were ran on: one with a silicon
nitride layer of 7 A, 15 A, 24 A, one which
was entirely made of silicon nitride, one in
which all the conditions were already at
4000K, and another made entirely of silicon
nitride but with all the molecules in new
positions. The two models above correspond
to the 24 A model and “infinitely thick” silicon
nitride model, respectively.

MSD2-D vs timestep
24 A SI3N4 Layer; 5ns
T T

MSD 2:D (in A*2)

2100 300
timestep (in fs)

Figure 1: The graph about depicts the mean squared
displacement of nitrogen as a function of time for each
temperature at which the temperature was held constant for 5
nanoseconds. The slopes of these lines are necessary to
finding the activation energy of nitrogen in this model

UNIVERSITY OF TEXAS AARLINGTON

MSD vs timestep at 4000K
24 A Layer; 5ns

MSDN Total

MSDNy
MSD 2-D

MSD (in A*2)

timestep (in fs)
Figure 2: The graph above depicts what is being focused on in
these simulations. 2D diffusion corresponds to the x and y
components of movement, meaning that the z component is
excluded in my calculations. The black line corresponds to the
2D diffusion of nitrogen at 4000K whereas the red line includes
the z component

InD vs 10007
24 A Layer; 5ns

Figure 3: The graph above is an Arrhenius plot of the natural
log of each temperature slope as a function of inverse
temperature. The kink seen at lower temperatures
demonstrates a phase change from a solid state to liquid state
therefore what we are focused on are the linear segments in
the liquid state at higher temperatures.

InD vs 1000/T
24 A Layer; 5ns
y = m1+(m2/8 3145)'m0
Value| _Error
026194 | 0.34041
m2 | -337.37] 13257
Chisq | 00021027 NA
0.99846 NA

N
<

K
0.105

Figure 4: The region between 4400 K to 5000 K, which
produces a nice linear line when plotted with an Arrhenius fit
and produces an activation energy of 337 kJ/mol for this
temperature region

Model Temp Range Activation Energy

7A 4400 K - 5000 K 834 kJ/mol
15A 4400 K - 5000 K 353 kJ/mol
337 kdimol

278 kJ/mol

24A 4400 K - 5000 K

Infinite’ 4400 K - 5000 K

Results

As the silicon nitride layer increases, the
activation energy decreases.
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Titrating Glucose Concentrations in C2C12 Cell Media

An analysis of the impact insulin resistance has on skeletal muscle

Dr. Marco Brotto, Sarah Nelson, and Matthew Fiedler

Introduction

Insulin deficiency and insulin resistance are common
etiologic traits of chronic, long-term hyperglycemia
resulting in a subsequent diagnosis of type II
diabetes. In correlation with the initiatives
implemented by the NIH related to precision
medicine, it is paramount to perform a
methodological analysis of the effects of altering
glucose concentrations on cellular metabolic
capabilities. Thank you to Mrs. Bobbie Brown of the
Honors College and Dr. Marco Brotto of the Bone-
Muscle Research Center for giving me the
opportunity to ask the question... —

v

Purpose

The overarching goals of my summer research:

* Increase the quality of life and standard of
nursing care provided in both out and in-patient
settings.

Improve glucose monitoring and insulin delivery
systems.

Give patients an opportunity to better maintain
their blood glucose levels ensuring that a
hypo/hyperglycemic crisis is less likely to occur.

Cell Culture and
Ongoing
Experimentation

C2C12 mouse skeletal myoblast cells will be
cultured in a

1. Cell Growth Medium (CGM)
(DMEM+FBS+P/S solution)

and
Placed in a 37°C and 5% CO2 incubator.
Scheme of Satellite Cell myogenesis
The cells are
cultured until

they reach
approximately
70%

confluency and
then undergo
trypsinization.

! After the addition and incubation (7 minutes) of
iirypsin—EDT/\. 5-10 mL of CGM is added and mixed
i by pipetting

i This solution can be transferred to a 15 mL conical
ivial and centrifuged at 280 rcf(g)

iAspiraIion and resuspension of 1-2 mL of CGM is
inecessary in order to calculate the cellular density.

1 Once cellular density is confirmed by an automated

i cell counter, dilution of the cell stock

can be calculated.

*After 24 hours, the old CGM must be removed and
: switched to differential media (DM) to enable
myogenic differentiation.

®

| Experimental Group: treated with a
glucose-free DMEM concentrations
titrated at 2.5, 10, and 20 mmol/L glucose

UNIVERSITY OF TEXASAARLINGTON

- 6-Well Plate

1 mL Cell Stock
I mL CGM
2 mL Cell Media

1 mL Cell Stock
1 mL CGM
2 mL Cell Media

1 mL Cell Stock
1 mL CGM
2 mL Cell Mediy

1 mL Cell Stock
1 mL CGM

2 mL Cell Medig

1 mL Cell Stock
T
I mL CGM

2 mL Cell Media

1 mL Cell Stock
1 mL CGM
2 mL Cell Medig

KEY

Cell Stock = 250,000 cells/mL
CGM = Cell Growth Media
Cell Media = CGM + Cell Stock

Data Analysis

*  Stains the nuclear protein

Stains the myosin

muscle growth

Combining a DAPI and MHC stain allows
me to observe how many cells worked
cohesively to form a myofiber and thus I can
generate a Fusion Index (FI). AFl is a
measure of myoblast fusion within a
myotube, which subsequently represents

Conclusions

Due to limitations arising from COVID-19, my

! experiments are ongoing, and I cannot fully quantify

my results as I am still in the cell culturing stage of my

i experimental design. Based on extensive literature
i reviews, my expectation is for the rate of skeletal

myogenesis to decrease as the concentration of glucose

| increases past physiologic levels (5-6 mmol/L).This
i would confirm my hypothesis that chronic

hyperosmolar states place patients with type IT diabetes

; at a high risk for musculoskeletal complications such as
diabetic stiff hands syndrome and muscle infarction.

i Research Experience

! This honors research fellowship has given me the
i opportunity to explore my interest in

immunohistochemistry and foundational research

i science. I have also learned much in the way of

microscopy and image processing. My goal is to

i continue and complete my experiments at the BMRC
i through this year until I can conclude the impact that

glucose regulation and reuptake plays in skeletal

i muscle growth and healing.

Contact: Sarah Nelson, sarah.nelson2@mavs.uta.edu
Bone-Muscle Research Center

College of Nursing and Health Innovation (CONHI)
www.uta.edu/conhi/
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INTRODUCTION

This research analysis is about understanding the
attitudes and desires of employers as well as interns who
are seeking to complete an internship in accounting
companies.Interns  or employees have numerous
expectations from employers. And not all aspirations are
reasonable. At the conclusion of an internship course, for
example, an intern was asked what he would
recommend to the program director about the upcoming
plan to ensure an intern's well-being. The intern
recommended that free food be given more often. This
assumption of an intern will be unfair, because full-time
workers do not have regular lunch or dinner given by
their employer.

From the employers' point of view, the intern or
employee is paid satisfactorily, and thus, they are
supposed to pay for their own food. It is just an example,
the little expectation may be unreasonable. My work
should seek to determine whether those rational or
unreasonable expectations are from the viewpoint of the
client and the rationale behind it.

METHODOLOGY

In order to complete mny research | interviewed various
interns from different sized accounting firms. This will
take about 45 minutes to engage in the research. At this
time, the participants will engage on a specified time and
date in a semi-structured interview through Zoom. The

focus is recognizing the attitudes and desires of
managers as well as interns who are seeking to
complete an internship at accounting firms. Gathering
data could affect the credibility of the subjects if data
breach occurs. This must capture and document
identifying information with audio and/or images.

Match Those of an Intern?

RESEARCH EXPERIENCE

Doing an internship in Spring 2020 made me realize that the
expectations | had from my employer were very different from
the expectations she had from me. It was then that | decided to
conduct a research on these expectations of both the employer
and the intern to inform the other students. Therefore, with the
help of the UROP program and Dr. Dawson | coordinated with
various accounting firms to interview their employers and
interns. For the interviews, | prepared a questionnaire related to
what both the parties expected before starting an internship. In
order to prepare the questionnaire | read 10-15 articles
published in the last 15 years. The hardest part while
constructing the questionnaire was to not have repetitive
questions. | was able to complete the questionnaire with the help
of Dr. Dawson. Meanwhile | also | worked on the consent forms
needed to be distributed before the interviewees participated in
the research.

To further help the students at my university, my faculty mentor
and | decided to publish my research in the university
newspaper. For this, my research needed an IRB approval and
therefore after completing the paperwork for the IRB approval
we will be able to start the interviews.

#gleimCMA

Do the Expectations of an Employer

Pranav Kadam, Kenyatta Y. Dawson, Ph.D. and Ms. Testa
College of Business, The University of Texas at Arlington
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TIITLE: USING ULTRA WIDE
BAND SENSOR FOR ROBOT
LOCALIZATION IN GPS
DENIED ENVIRONMENT

Binoy George and Yan Wan (PhD)

BACKGROUND:

In this project, UWB sensors by Decawave
(DWM1001-DEV) are used for determining the
position of a ground robot. The goal of this
experiment is to determine the effectiveness of
UWSB as an alternative localization technology to
GPS.

METHODS

1.Develop trilateration algorithm.

2.Set up a 3-Anchors 1-Tag system.

3.Test all data communication methods.
4.Implement algorithm to determine position

Transceiver Module,

RESULT

The position of the tag within a 127cm*127cm
area was determined using the trilateration
algorithm created with an accuracy within 20cm.
The UART mode of communicating data between
sensor and server proved most efficient.

DISCUSSION

The results show that the UWB system can
operate at a much higher localization accuracy
than GPS. Thus UWBs application in position
determination of self driving cars looks promising.

Tests show Ultra Wide Band

system capable of localization

with an accuracy less than 20 cm.

=
=]
o
2
[=]

Original

Measured and Calculated Position of Tag

Calculated (Trilateration Algorithm)

60

Distance (cm)

Calculated (D

Scan QR code for test data,
code, and references

TRILATERATION

« Two dimensional

« Asymmetrical Double Sided Two Way
Ranging Extra Figures

« Linear Least Square method
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The Relation Between Cognitive Function and Cerebral Vasodilatory

Reactivity in Young Adults with Major Depressive Disorder

Rationale

Major depressive disorder (MDD) has been associated with an
elevated risk of developing neurocognitive (e.g., dementia) and
cerebral vascular (e.g., stroke) diseases. Although the precise
neurobiological mechanisms aren't fully understood, cerebrovascular
dysfunction is thought to directly contribute, at least in part, to
impairments in cognitive function.

In line with this concept, cerebral vasodilatory responsiveness (an
index of cerebrovascular function) is blunted in older adults with MDD
(~70 yrs.) and is thought to mechanistically contribute to the link
between depression and increased neurocognitive cerebral vascular
disease risk2.

In young, otherwise healthy, men and women with MDD, reductions in
peripheral endothelium-dependent dilation are evident3. However, to
date, limited investigations have examined cerebral vasodilatory
responsiveness in young adults with MDD and its relation to cognitive
function.

We tested the hypothesis that greater hypercapnia-induced cerebral
vasodilation would be related to greater fluid cognitive ability (i.e., the
capacity to process and integrate new information) in young adults
with MDD.

Approach

Adults with MDD had clinically significant depressive symptoms,
classified via the diagnostic Mini-International Neuropsychiatric
Interview. Depressive symptom severity (PHQ-9) was also assessed.
Healthy non-depressed adults (HA) were included as a control group
and did not have a family history of MDD or major psychiatric illness.

Beat-to-beat mean arterial pressure (MAP; finger
photoplethysmography), heart rate (ECG), middle cerebral artery blood
velocity (MCAv; transcranial Doppler Ultrasound), and end-tidal carbon
dioxide concentration (PETCO2; capnograph) were continuously
measured during baseline (i.e., normocapnia) and rebreathing-induced
hypercapnia. The increase in cerebral vascular conductance index
(CVCi=MCAv-MAP-1) was calculated from baseline to APETCO2= 9
mmHg.

Cognitive function was assessed using the NIH Toolbox Cognitive
Function Battery (iPad). Fluid (the ability to use logic in new situations)
and crystallized (the ability to use learned knowledge) composite
scores were derived and a total cognitive function composite score
was subsequently calculated. A fully corrected T-score was calculated
for each participant to accounts for age, education, sex, and
race/ethnicity. Fully corrected T-scores have a normative mean of 50
(standard deviation 10).

Results

Table 1. Participant Characteristics.

Age BMI MAP HDL LoL HbA1c
(yrs) (kg/m?) | (mmHg) | (mg/dL) | (mg/dL) | (%)

HA

(n=9; 6 women) 52+0.1

221 265+06 | 825 5414 80+7

22+1 |226+14| 81+5 | 64+3 | 83+8 [51:0.1|10+2"

MDD
(n=10; 8 women)

HA, healthy adults; MDD, major depressive disorder; BMI, body mass index; MAP, mean
arterial pressure; HDL, high-density lipop LDL, low-d HbALC, glycated
hemoglobin. Data are + SEM. *p<0.05 vs. HA

y lipopi

B

60
R?=0219

p=004

2
£

N
3

3
g
5}
H
]
<

A CVCi (%paseiine)

T T T T T T T T T T
HA MDD 6 9 12 15 18 21 24
PHQ-9 score

2
2

S ——
15 18 21 24
PHQ-9 score

Total Composite Cognition (T-score)
Total Composite Cognition (T-score)
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Fluid Composite Cognition (T-score)

Figure 1: The increases in cerebral vascular conductance index (ACVCi %yqseine) during hypercapnia in
healthy adults (HA) and adults with major depressive disorder (MDD; Panel A). The hypercapnia-
induced increases in CVCi was not different between groups. However, in all subjects, increased
depressive symptom severity (PHQ-9 score) was negatively related to the hypercapnia-induced increase

in CVCi (Panel B). Data are * SEM.

Figure 2: Total composite cognition was not different between healthy non-depressed adults (HA) and adults
with major depressive disorder (MDD: Panel A) and was not related to depressive symptom severity (Panel B).
Similarly, fluid composite cognition was also not different between groups (Panel C) and not related to
depressive symptom severity (Panel D). Data are mean + SEM. The slope and 95% confidence intervals are
presented for the simple regressions.

A HA MDD
siope =-0.12

A CVCI (%paseiine)
» Y
N 8
°
A CVCi (%paseiine)

30 30

Total Composite Cognition (T-score) Fluid Composite Cognition (T-score)

Figure 3: The relation between the total composite cognition (Panel A} or fluid composite cognition
(Panel B) and the hypercapnia-induced increase in cerebral vascular conductance index (ACVCi %sgseinei)
in healthy non-depressed adults (HA) and adults with major depressive disorder (MDD). There was no
relation between cognitive function and cerebral vasodilatory responsiveness in either group.

Conclusion

These data demonstrate that hypercapnia-induced cerebral vasodilation was
negatively related to depressive symptom severity.

However, neither total nor fluid cognitive function were related to depressive
symptom severity.

Further, contrary to our initial hypothesis, neither total nor fluid cognitive function
were related to cerebral vasodilatory responsiveness in either healthy or
depressed college-aged adults.

This study allows us to better understand the underlying workings of MDD on the
human body and may aid in developing interventional strategies in the future.
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Same trend was

Modern single main rotor/single tail rotor From the research done previous year, start building tests. * observed at 500
helicopters are complex mechanically, thus * Design the experiment to test the theory using motor ;r,"i H T : 1 esows VROC, lower
heavy and difficult to fly. specifications previously calculated. ?353; * H 0 diameter more
Major components include: main rotor, tail * Change to analysis and simulation step due to COVID - 19 E s ] t : 335 fUs power required
i . . 35 560 fi/s N
roto.r, t"aﬂtSm;SSlOtﬂ/d"'Vte system, main * Develop rotorcraft synthesis code to evaluate electric UAV f b I .ssos  Total power required
engine, control system, etc. X 345 .
. performance data s s P o » was still under 40
This research explores a novel approach * Select optimal rotor design based on synthesis results to Blndc diameter (ft) kW threshold.
based on a tip drive propulsion which maximize  performance  with  minimized  energy Fiure 3-Power R o at different & "
would remove the need for a tail rotor, requirements. fgure 3iPower Required at cljjerent tip speeas L,
transmission/drive and the large primary Best Range (at kts) Range didn’t vary
- A 56 . . . . X
\\%\ ” o530 much b.ut did
\ 25 + . ’ ) ossos iNCrease with 20 ft/s
\ N\ EE *s5f5 increments of rotor
E . 560 fifs ti
2 . p speed.
51 * 580 fifs
. Develop Chord-diameter 50
Develop ?;]Vnthem performance code sweep to select ” 18 9 20 2 2
P for electric UAV best aspect ratio Blade diameler (fi)
Figure 4:Best Range at different tip speeds
7% Best Endurance (at kts) Endurance or how
Figure 1. Example of a tip drive helicopter (Nagler- 36.5 much helicopter can
Rolz) 36 . . R
. . . i fi 35 stay in air was a
If emerging electric technologies were Select_best rotor Perform t?ladetlp Create a orvyard S °530 1y v :
. e design from speed- diameter flight — vertical z > * > function of purely
incorporated, this will enable the removal performance data sweep climb margin 3345 550 f's di d didn’
of the main engine and fuel system \ ER ) esssms diameter and didn’t
lessening the complexity. Ty . ,:Z;’Q" vary a_t all with the
5 * rotor tip speed.

32
¢ Tip Drive hellcopters work Figure 5: Best Endurance at different tip speeds

producing thrust near the tip of the

rotor to produce the necessary rotor . .

3 ¥ that at O vertical

torque. BN i 1 rate of climb, power The goals were modified due to COVID-19 and an analytical
* This project involves developing a g + $ T . 5005 required  changed synthesis of the system was performed to get the

custom rotor hub with slip ring system g5 .ot eve With diameter. performance data of the system. The preliminary results were

for transmitting power and control ﬁm‘; . s 560 s Effect was more promising and the electric propulsion seems to deliver as

signals  from the  non-rotating o * 0% pronounced at expected. The design will be further refined based on the

reference frame (the fuselage) to the T e v wm = lower tip speeds. data. In future, once the situation improves, plan is to get the

rotating reference frame (the rotor). Blade dumeter () The aspect ratio of hardware and perform tests on a system prototype.

Figure 2: Power Required 0 Vertical rate of climb blade was 21.
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From Oppression to Power

African American Women Voters

Introduction

This year, the 100th anniversary of women’s
suffrage, and both the census and
presidential election will take place. It is

important now, more than ever o establish

Significance of Research

The information gathered in this research

will allow scholars to

\s the 2020 United States pres
closer, the task o

xamin e voting history of

\merican women in the south

provide key details on predicting future

American polity outside
le

oter patterns.

1 homogeneot

wation gathered in this research

holar

n women a

The infor
may help s to understand African
Americ clectorate and

better understand t rlying factor

of political exp ipation

Methodology

In a mixed-method approach, rescarch will
be conducted using both
s approac

nporary rescatch

A. Service Learning
B. Fieldwork

C. Interviews

UNIVERSITY OF TEXASAARLINGTON

Dominique G. Lange & Dr. Rebekah Chojnacki

Literature Review

Vatious peer-reviewed research journals,

and books analyze the different perspectives
general consensuses regarding the

n American

politic gement of Af

women.

However, there is an

about African American women voter

turnout as well hat factors le;

group’s voter identity

Research Goals

Moving forward my research will seck to
answer
* To what extent dc education,

region, socioeconomic status, and voter
identity influence voting behavior in the
African American women clectorate?

How

suppression and intimidation impacted

has the history of voter
the clectoral participation of Af
n women?

hat ways does voter suppr
continue to hinder the participation of

African American women in elections?

Personal Experience

During this have been able to
pay closer attention to

I can
that T have

confidently say progressed as

researcher and learned effective ways to

market both myself and my research,

v Ethics & Integrity
v Interpersonal Skills
v Finding “Why

References

The Cultural Basis of Party Identification
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(9,

Figure 1: Impact injuries in sports

Concussion is one of the most prominent
sports related injuries that have lifelong
consequences like cognitive impairment, sleep
disorders, and even death in severe cases
There are various technologies that have
focused on decreasing the injuries related to
impact in sports like high-tech mouthguards
and helmets

Our research focuses on the development of a
novel design that uses hyper elastic materials
that transfer energy from impact through
interconnected cells and channels

DESIGN OVERVIEW

IMPACT

primary cell
‘secondary |
cell

channels

Figure 2: Interconnected fluid filled cells

Key features include:

* Fluid filled primary cell that receives
impact

* The impact causes the fluid (air) to be
transferred into the secondary cell through
channels

¢ The secondary cells expand to absorb
energy minimizing the impact to the person

METHODS
Pendulum Impact Test Setup

VARIABLES TESTED:
* VI1: Initial design

* V2: Initial design with a primary cell that has increased
radius and height

* 2 Channels: Air cells with 2 channels

* 4 Channels: Air cells with 4 channels

penduium —— &

IMU for angle-
measurement moveable plate
spiing

crosshair mark

To measure the ability of the cells to reduce the impact force
/ transferred to the base, we set up a pendulum impact test, which
was used to measure the reaction force as shown in the Fig. 3.

TEST PROCEDURE

impact hammer ———/
cell armay sample ———|

1MU for acceleration
measurement

Figure 3: Pendulum Test Setup

Results
V1vs. V2

vi . v2

Figure 4: Comparison of force reaction of the air cells

The average reaction force for air cells was lower in V2
in comparison to V1 as a result of increasing the radius
and height of the primary cell (Fig. 4)

The addition of channels resulted in lower reaction
force of the air cells (Fig. 4) as it increases the overall
volume for faster distribution of the fluid from the
primary cell to the secondary cell

Reaction Force ()

The sample cell was attached to the movable plate

The pendulum with the impact hammer was dropped at 5Sm/s
A camera was used to record the displacement of the
movable plate once it was hit with impact

The displacement data was used to calculate the reaction
force of the air cells using Hooke’s law.

Xenith Helmet Liner vs. 4-Channel V2

Xenith 4 Channel V2

Figure 5: Comparison of force reaction Xenith helmet
liner vs 4 Channels in V2 Air cells

The average reaction force for air cells was lower in 4
channel V2 air cells in comparison to Xenith Helmet
Liner cells (Fig. 5)

We can conclude that our interconnected fluid-filled cells
design has impact reduction capabilities comparable to a
commercial helmet liner, therefore it has potential to be a
competitive design as a full helmet liner

Experience

Continuing my internship at UTARI as an
undergraduate intern, I got the opportunity to
test the designs that we worked on Spring 2020.
It was very interesting to participate in the
designing, fabrication and testing of a product. I
believe this experience help me further use
engineering application to solve medical
problems.

Future Considerations/ Goals

Previous research of this concept has proven its
capabilities in impact reduction [1]. These results
support that this concept has potential as a full
helmet liner, and its impact reduction properties
are comparable to a commercial helmet liner. We
plan to develop a full liner with this design and
will test it using a NOCSAE standard drop test.
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THE STRUGGLE IS REAL
Understanding the Experience of Struggling Readers at UTA

Kelle Plummer, Honors College Interdisciplinary Studies Major, working with Dr. Sarah Rose,
Dr. Catherine Corder, and Mikila Salazar, studying the Intersection of English and Disability Studies

Many students enter college as

struggling readers due to low literacy

levels and learning disabilities.

disorders which may affect the
sition, organization, retention,
of verbal or

Larger numbers of students with
disabilities are attending college. In
2015, that number was 11%
equaling two million students. Only

13% of these students seek
accommodations.

20% of Texas students entering
college are not prepared to read
college-level textbooks.

This 20% includes students with
learning disabilities and low-income
students.

Percentage of Students P
College Level Reading

UNIVERSITY OF TEXASAARLINGTON

How can the University of Texas
at Arlington support students
with reading difficulties?

UTA serves a large number of
students in both groups of students.

UTA ranks No.1 in Texas for serving
first-generation, low-income
students.The university is committed
to dynamic and accessible
programming for students with
disabilities, including the Disability
Studies Minor, Movin’ Mavs, and
Adapted Sports recreation
programs.

@
ADAPTED ATHLETICS
SPORT (LUB

An Oral History method allows
eye-witnesses to an event or
experience to be interviewed
Benefits: These students might be
overlooked in a purely scholastic
approach. To gain understanding of
their personal experience adds depth
to the historical record.

Limitations: Memory can be
unreliable. Interviewers must suspend
their agendas and biases in order to
be effective.

This is a continuing research project
In the fall, interested UTA juniors,
seniors, alumni, and students who
identify as having a learning disability
will be asked to participate in the
interviews. Interviews will be coded
for common themes

Findings from this research can lead
to further discussion about resources
and services that can increase the
opportunity for student success.
Access to education has increased
in part due to innovations in assistive
technology and universal design.
Approaching literacy and reading
difficulties the same way, can allow
an even greater number of critical
thinkers to graduate from UTA.

Hun!

earch, Dr. Kenyatta

Contact: kelle.plummer@mavs.uta.edu
UTA Department of Interdisciplinary Studies
www.uta.edu /https:/iwww.uta.eduhonorsfints/index.php
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Massive data generation for deep learning-based scatter correction
of cone-beam computed tomography(CBCT)

Parvat Sapkota and Mingwu Jin (supervisor)

Introduction

+ Cone-beam Computed Tomography (CBCT) is widely
used in radiation oncology [1], however,
reconstructed images from CBCT suffers from scatter
contamination (Fig. 1).

Deep learning is emerging as an effective scatter
correction tool [2]. However, the existing methods
have used the human data to train the deep learning
programs.

Goal of this study: to use realistic digital phantoms
to generate massive training samples for and Monte
Carlo simulation and deep learning based scatter
correction methods.

Fig. 1. Left: scatter-free CT image; right: scatter-contaminated CBCT image.
(Figure from [4])

Methods

We developed two different classes of phantoms.

* First class of phantoms

For the first class, we used one patient data from the 4D

XCAT program [3] to generate 15 different types of

phantoms by changing its physical sizes.

Phantom generation using the same patient data

- Set five values for “phantom_height_scale” in the
XCAT program, corresponding to 19.6", 36.8™", 60 ,
79.4™ , and 98" percentile male height in US, while
keeping other parameters default
Set five values for “phantom_long_axis_scale” in
same ratio to heights previously were set, while
keeping other parameters default

Set five values for “phantom_short_axis_scale” in
same ratio to heights previously were set, while
keeping other parameters default.

Display of the thorax of phantoms
Set “start_slice” and “end_slice” to view the thoracic
section of the phantom.

- Display the images using ITK-SNAP.

» Second class of p oms

We also generated the second class of phantoms using

extra 8 male and 8 female patient data.

Phantom generation using different patient data

- Replace the original .nrb file by the specific patient
.nrb file in “heart_base” and “organ_file” parameters.

- For female phantoms, change “gender” ,
“breast_type” and “which_breast” parameters.

Display of the thorax of phantoms

- Whole-body images of each patient were generated,
and then imported into the ITK-SNAP program, where
the active contour segmentation function was used to
get the values of start_slice and end_slice for each
phantom
Based on these values, the thoracic part was
generated and displayed for all 16 patients.

UNIVERSITY OF TEXAS AARLINGTON

e)
Fig. 2. First class of phantoms (transverse slices across the heart). a &
b: Phantoms scaled in height (superior-inferior) (190 cm and 170 cm
height, respectively); ¢ & d) Phantoms scaled in the long axis (left-right)
(190 cm and 170 cm); e & f: Phantoms scaled in the short axis (anterior-
posterior) (190 cm and 170 cm)

Fig. 3. Second class of phantoms (transverse, sagittal and coronal slices of
the thoracic part) . a) Male patient; b) Female patient.

Discussion/ Conclusion

Although the first class of phantom images look similar,
they are different, which was verified from the differences
in the volumes of lungs and heart. The second class of
phantom images show more anatomical differences
since the underlying patient data are different. Combining
the both strategies in two classes, we will be able to
generate thousands of phantoms for deep learning
purposes.

Future Work

In future, we will generate a sufficient number of
phantoms for use in CBCT Monte Carlo simulation as
indicated in Fig. 4. Meanwhile, the generated phantoms
can also be used for testing new methods in other
medical imaging modalities.

contaminated
CBCT projection

Fig. 4. Workflow of deep learning-based scatter correction for CBCT. (Part

of the figure is from [2] and [3].)
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Introduction

There are many components and techniques
needed to successfully practice image
processing. Since every image contains
noise, image processing helps make the
image clearer and easier to segment. For
our research, these images will help identify
fluorescence blobs in our zebrafish and
study the effects of changing gene
expression. Eventually, we believe this will
help alter the genes for people with heart
diseases.

Methods
1. Image slices are taken into MATLAB
and turned into depth map images to
get a clearer view of the z-dimension.
2. Depth map images are taken into Fiji

and segmented using the 3D ImageJ
plugins. These are the features used:

1. Gaussian blur

Image Scaling

Bilateral Filter

Image Subtraction
Background Subtraction
Binary Mask

. Gray Morphology

. Watershed

3. Segmented images are taken into
Amira to get a better look at 4D
segmentation.

PN o eN

Segmentation of Cardiomyocytes
using the Laplacian Pyramid

=2

Toluwani Ijaseun, Tanveer Teranikar, Juhyun Lee, Ph.D.

(top: from left

- . -

to right) (bottom: from
Laplacian left to right)
pyramid Otsu binary
technique masks of
with 512x512, 512x512,
256x256, & 256x256, &
128x128 128x128
images images

2D Atrium Watershed depth map

3D binary labels
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Discussion

The Laplacian method allowed the
downscaled images (256x256 & 128x128) to
detect cardiomyocytes that were not spotted
by the original image (512x512).

Gray Morphology was used to ‘open’ the
images and get rid of ‘false’ blobs that were
detected during binary masking.

The Gaussian blurring also helped Fiji better
segment the cardiomyocytes, and the image
subtraction helped reduce the noise from
the depth map images.

Future Work
In the future, we plan to incorporate the
Hessian Blob Algorithm in our segmentation
process. This will allow us to:
Pinpoint exact locations of
cardiomyocytes (local max, local min,
saddle points
Show clear change in intensity in images
Set a more accurate threshold for
intensity values

.
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Evaluating Physics-Based Atmosphere Dispersal Model for Quantifying
Methane (CH4) Emission Rates from Natural Gas (NG) Pipelines

Nathaniel Steadman?, Dr. Kathleen M. Smits', and Shanru Tian'
1 University of Texas at Arlington, Department of Civil Engineering

Introduction

Currently the EPA estimates the leak rate to
be around 1.4% but after recent studies, the
leak rate was found to be closer to 2.3%
There are several models to determine CH4
emission rates, but dispersal models are
simpler, more accurate, and flexible.

2
o

< What is the effect of atmospheric pressure,
wind, atmospheric stability and surface
roughness on predicted emission rates?

<+ How do these effects that you quantify in the
model agree/disagree with emission rates for
similar conditions in the field?

Materials and Methods
Field data was collected on June 1, 2020 at

Methane Emissions Technology Evaluation Center”

(METEC) where CH, concentration and
atmospheric conditions were observed over a 20-

hour period after gas reached a steady state in the

subsurface. The controlled rate was 0.08 kg/hr
from 12pm — 8am. The data is from the downwind
direction at a single observation point.

The model uses an inverse modeling technique

, Results

1. Comparison of Model Prediction and

i Controlled Emission Rate, Q

= The average ratio for Qpeq/Qacal = 1-39,

: meaning that on average the model
overpredicted Q by 39%
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that tracks the methane particle from the sensor to | 3. Comparing Day/Night Cycle

the source to predict the emission rate based on
the observed data of concentration and
atmospheric conditions.

* hitps:lienergy.colostate.edu/metect

L = Monin-Obkhov Length (m)

u* = friction velocity (m/s)
ulo,
kgH

6, = virtual temperature (°C)
k =von Karman's constant

H = kinematic surface flux (K-m/s)

i+ Atmospheric stability changes as the day
: progresses with transitional changes during
i sunrise and sunset.
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2. Comparing Atmospheric Stabilities

Atmospheric
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When the atmosphere was unstable, on
average the model overpredicted Q by 1%
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0.0605 0.07749 0.756
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Conclusion

« In general, the model overpredicts Q by

39% which is not a bad average for model
predictions

i+ Atmospheric stabilities has a big effect on

Prediction [

the accuracy of the model with the unstable
condition having the best accuracy by
overpredicting by 1%

The model has the best accuracy during the
daytime when the atmosphere shares
neutral and unstable stabilities.

Future Implications

Collect more data at field site with more
accurate sensors to measure atmospheric
conditions

Determine a better way to classify stabilities

Compare the different ways to calculate
Monin-Obkhov Length and its effect on the
prediction of Q

Complete coupled modeling of the
subsurface and the atmosphere for a more
realistic understanding of natural gas leak
emission rate
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For our research, we mostly focused on literature review and data analysis. We reviewed several articles to build the necessary theoretical argument
to support our claim before working on data analysis to prove our point. We used data from GOCE, CHAMP, GRACE, and Swarm Satellites, and
used absolute perturbations to describe neutral density maxima. We focused on comparing our results with previous studies, further discussing the
possible significance of our research to better understand neutral density maxima and upper atmospheric response to solar and geomagnetic
activities.

Fig: Neutral atmospheric densities for various

molecular and atomic species [Cravens, 1997].

As we launch satellites in the atmosphere, they
experience drag force exerted by neutral particles
presenting in the atmosphere. This drag force is
called satellite drag.

We still have no satisfactory explanation to the origin
of localized neutral density maxima in the upper
atmosphere. The work of our project is to explain the
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Fig: Neutral mass density (¢/cm3) peaks over the northern hemisphere measured
by CHAMP and GRACE for the storm event on January 7, 2005. Here, blue line
denotes the Magnetic Latitude of the satellite, black line denotes the neutral
density measurement, and red line denotes the moving average. (Huang, 2016)

Fig: Neutral mass density (g/em3) peaks over the northern hemisphere measured
by CHAMP and GRACE for the storm event on January 21, 2005. Here, blue line
denotes the Magnetic Latitude of the satellite, black line denotes the neutral
density measurement, and red line denotes the moving average. (Huang, 2016)
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The difference in the number of local neutral density maxima
(plus marks in the figures) between Huang et al. [2016] and
our results might be due to different temporal resolution of]
the data.
resolution than the data used by Huang et al. [2016]

We believe our data have a higher temporal

We plan to use data from GOCE, CHAMP, GRACE, and
Swarm Satellites and use absolute perturbations to describe
localized neutral density maxima. We will plot the data,
analyze the relation by comparing our finding to previous
studies and further review the literature of previous findings
to clearly interpret our results. We believe that this will give
us new results on absolute changes which are necessary to
draw the conclusions on localized neutral density maxima.
This will help us explore the mechanisms of localized neutral
density maxima and upper atmospheric response to solar and

importance and effects of energy dey and
momentum exchange at different scales so as to
describe the Tonosphere-Thermosphere system. The
clear explanation of neutral density maxima is a path
to explaining energy dissipation in the upper
atmosphere, which we believe will be helpful to
effectively and efficiently launch new satellites and
run new missions.

Obie e
Though for many years, it was widely accepted that
the majority of solar wind energy injection and
dissipation in the geospace system occurred in the
form of ring current and auroral precipitation, it was
not only recently proven that the majority of solar
wind energy enters Ionosphere-Thermosphere (IT)

system (aka Upper Atmosphere) in the form of

Poynting flux. [Dessler and Parker, 1959; Akasofir,
1981; Knipp et al., 2005; Huang et al., 2014].
Magnetic storms result in the heating of the IT system,
and the precise spatial distribution of Poynting flux is
still not completely well explained and understood
[Thayer and Semeter, 2004; Deng et al., 2011; Huang
et al., 2016]. The heating causes increase in ion
temperature, neutral mass density and neutral
temperature.

Previous studies have used percentage perturbations
of neutral density to categorize active-time local
neutral density variations and found most of the local
neutral density maxima locate in the cusp and polar
cap [e.g., Huang et al., 2014, 2016, 2017; Deng et al.,
2013; Sheng et al., 2015]. Less attention has been paid
to the absolute perturbations and the background
neutral density. It is our interest to investigate the
absolute perturbations in neutral density and further
explore the causes of localized neutral density
maxima in the upper atmosphere.

Summary of Huang et al., [2016]
Clear Poynting flux enhancements was seen in the polar cap while enhancements from all the neutral measurements were observed at high|
latitude pole ward of 80° MLAT suggesting that substantial heating was supplied to the polar cap during storms.
« The simulation of TIE-GCM shows less energy input in the polar cap than the observation.
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Fig: Modified version of Huang et al. [2016]

Here, Blue line denotes the latitude of CHAMP at
360km above the earth, black line denotes the
neutral density at that point, red line is 23-minute
moving average and “+” sign denotes the point

Here, Blue line denotes the latitude of Grace
Satellite at 470 km above the earth, black line
denotes the neutral density at that point, red line is
23-minute moving average and “+” sign denotes
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Fig: Modified version of Huang et al. [2016] *

geomagnetic activities.

Our work will help us explore the mechanisms of localized
neutral density maxima and upper atmospheric response to
. The companson of neutral temperature enhancements at Resolute Bay between FPI measurement and TIE-GCM simulation shows a consistent|solar and geomagnetic activities. After getting all necessary
i in the model results. The simulated temperature increases by about 260° and 280 °K for the two storm|information and obtaining results,
events, respectively, which are much smaller than the observed changes (750° and 900 °K). This might result from the underestimation of Joule| organizing the results and reporting them in a research paper.

the next step will be
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where difference between neutral density and
moving average is greater than 30%.

the point where difference between neutral density
and moving average is greater than 30%.
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...& prep for Fall 2020!
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