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Introduction
This summer I have been taking part in Dr. 
Ghose’s project “hypothesis driven gene 
identification of lnp-1 (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 I 
developed this summer was how to set up a 
lab. This summer the Ghose Lab was brand 
new a C. elegans lab and I learned an 
essential skill as a future researcher looking 
into becoming a professor.

Essentials of opening a lab
Background
• A PhD and scientific training
• A research question: Compartmentalized 

Cell Elimination
• A good lab team
• Sufficient funding
• A strong research university
• A good lab space
• A good model system for research

Project directions
.

Contact: Rebekah Lanning & Rebekah.lanning@mavs.uta.edu
UTA Department of Biology
www.uta.edu /biology/

How to set up a lab
My journey with the brand new Ghose lab
Rebekah Lanning, Idara Ekong, Karen Juanez, Ginger Clark, Piya Ghose 
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Motivations

Wild-type ns824

Whole genome sequencing

Wild type 
has no 
mutation

~300 mutations 
studied literature and 
gene list and found 
an interest in lnp-1/ 
Lunapark

Scoring/characterizing the mutant

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

snp-mapping Further analysis on 
the gene and 
phenotype

Personal Contribution
My most prominent contribution was
• Interviewing
• Protocol writing
• Presentations

Personal experience
The skillset I 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 I continue to develop as a researcher in
the Ghose lab I gain more transferrable and
analytical skills over time. In the future, I
would like to produce more data and learn
how to make posters with less words and
more data and diagrams.
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summer. Thank you Dr. Piya Ghose for giving me the opportunity to 
pursue my passions outside the classroom and helping me grow as a 
young scientist. Thank you to the Ghose Lab for supporting my 
endeavors and keeping in close contact during these times.
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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.

Activation Energies
Model Temp Range Activation Energy

7 Å 4400 K – 5000 K 834 kJ/mol

15 Å 4400 K – 5000 K 353 kJ/mol

24 Å 4400 K – 5000 K 337 kJ/mol

“Infinite” 4400 K – 5000 K 278 kJ/mol

Models

Results
As the silicon nitride layer increases, the
activation energy decreases.

Contact Information
Jonathan Coria
jonathan.coria@mavs.uta.edu
UTA Department of Chemistry

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
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Thank you to the Undergraduate Research Opportunity Program for 
giving me the opportunity to perform research over this summer and 
giving me a newfound appreciation for learning through the research 
process. Thank you as well to Dr. Kenyatta Dawson and Natalie 
Stephens for providing the guidance and support needed throughout 
the entire summer we shared together in this program.

There are 6 different models on which these
simulations were ran on: one with a silicon
nitride layer of 7 Å, 15 Å, 24 Å, 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 Å model and “infinitely thick” silicon
nitride model, respectively.

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.

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.

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.

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.
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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…

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

2. Placed in a 37 ̊ C and 5% CO2 incubator.

Data Analysis

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 
experimental design. Based on extensive literature 
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 
would confirm my hypothesis that chronic 
hyperosmolar states place patients with type II diabetes 
at a high risk for musculoskeletal complications such as 
diabetic stiff hands syndrome and muscle infarction. 

(Figure 1): Insulin Delivery System for Diabetics  

Contact: Sarah Nelson, sarah.nelson2@mavs.uta.edu
Bone-Muscle Research Center
College of Nursing and Health Innovation (CONHI)
www.uta.edu/conhi/

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
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Research Experience
This honors research fellowship has given me the 
opportunity to explore my interest in 
immunohistochemistry and foundational research 
science. I have also learned much in the way of 
microscopy and image processing. My goal is to 
continue and complete my experiments at the BMRC 
through this year until I can conclude the impact that 
glucose regulation and reuptake plays in skeletal 
muscle growth and healing. 

How does changing the 
concentration of glucose in cell 

media alter the metabolism, 
development, and acclimation of 

C2C12 skeletal muscles cells?

Scheme of Satellite Cell myogenesis

Lowell BB, Shulman GI (2005) Mitochondrial dysfunction and type 2 diabetes. Science 307:384-87.

Negative Control Group: untreated 
differentiated C2C12 cells incubated in 
DMEM (2.5 g/L glucose) culture media 

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

After the addition and incubation (7 minutes) of 
trypsin-EDTA, 5-10 mL of CGM  is added and mixed 
by pipetting
This solution can be transferred to a 15 mL conical 
vial and centrifuged at 280 rcf(g)
Aspiration and resuspension of 1-2 mL of CGM is 
necessary in order to calculate the cellular density. 
Once cellular density is confirmed by an automated 
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.

1 mL Cell Stock
+

1 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 Media

1 mL Cell Stock
+

1 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 Media

6-Well Plate

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

(Figure 2): 6-Well Plate Concentration Calculation  

(Figure 3): Stained C2C12 myotubes  (Figure 4): Fusion Index Software  

(Figure 5): Prayer sign due to 
diabetic cheiroarthropathy  

(Figure 6): Diabetic Muscle 
InfarctionDAPI Stain:

• Stains the nuclear protein
MHC Stain:
• Stains the myosin
Combined (DAPI + MHC):
• 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). A FI is a 
measure of myoblast fusion within a 
myotube, which subsequently represents 
muscle growth

The cells are 
cultured until 
they reach 
approximately 
70% 
confluency and 
then undergo 
trypsinization. 
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Tests show Ultra Wide Band 

system capable of localization 

with an accuracy less than 20 cm.
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 
UWB 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

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.

Binoy George and Yan Wan (PhD)

TIITLE: USING ULTRA WIDE 
BAND SENSOR FOR ROBOT 
LOCALIZATION IN GPS 
DENIED ENVIRONMENT

Decawave’s UWB Transceiver Module, DWM1001-DEV

TRILATERATION
• Two dimensional
• Asymmetrical Double Sided Two Way 
Ranging Extra Figures
• Linear Least Square method

A A

A

T

Acknowledgement
I would like to sincerely thank 
• My mentor, Dr. Wan, for her patient guidance and 

mentorship
• Mrs. Bobbie Brown, for all her support
• The URF and OUR committee for giving me this 

opportunity
• Bishrut for his assistance in the lab work.

Scan QR code for test data, 
code, and references 



Salwa Shoaib,
Undergraduate Research 

Opportunity Program, 
Office of Undergraduate Research

Exercise Science

Faculty Mentor: Jody Greaney, Ph.D.

The Relation Between Cognitive 
Function and Cerebral Vasodilatory 

Reactivity in Young Adults with 
Major Depressive Disorder



• 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.

Rationale

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.

• 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).

The Relation Between Cognitive Function and Cerebral Vasodilatory 
Reactivity in Young Adults with Major Depressive Disorder
Salwa Shoaib1,Rauchelle E. Richey1, Sherri M. Pham1, John D. Akins1, Dahlia Mukherjee2, Erika F.H. 
Saunders2, R. Matthew Brothers1, Jody L. Greaney1

Table 1. Participant Characteristics.

Results

Age
(yrs)

BMI
(kg/m2)

MAP 
(mmHg)

HDL
(mg/dL)

LDL
(mg/dL)

HbA1c
(%) PHQ-9

HA 
(n=9; 6 women) 22 ± 1 26.5 ± 0.6 82 ± 5 54 ± 4 80 ± 7 5.2 ± 0.1 3 ± 1

MDD 
(n=10; 8 women) 22 ± 1 22.6 ± 1.4 81 ± 5 64 ± 3 83 ± 8 5.1 ± 0.1 10 ± 2 *

HA, healthy adults;  MDD, major depressive disorder; BMI, body mass index; MAP, mean 
arterial pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, glycated 
hemoglobin. Data are ± SEM. *p<0.05 vs. HA

Figure 1: The increases in cerebral vascular conductance index (∆CVCi %baseline) 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.

A B

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.

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 (∆CVCi %baseline;)

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.

• 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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ConclusionBA

C D

BA

• 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 ∆PETCO2= 9 
mmHg.
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Ali Mhowwala, Dr. Dudley Smith

Designing Propulsion System for light weight Electric UAV

Concept Challenges

Background

• From the research done previous year, start building tests.
• Design the experiment to test the theory using motor
specifications previously calculated.

• Change to analysis and simulation step due to COVID - 19
• Develop rotorcraft synthesis code to evaluate electric UAV
performance data.

• Select optimal rotor design based on synthesis results to
maximize performance with minimized energy
requirements.

Same trend was
observed at 500
VROC, lower
diameter more
power required.
Total power required
was still under 40
kW threshold.

Range didn’t vary
with the diameter
much but did
increase with 20 ft/s
increments of rotor
tip speed.

Endurance or how
much helicopter can
stay in air was a
function of purely
diameter and didn’t
vary at all with the
rotor tip speed.

Research Plan

Conclusions and Future Goals
The goals were modified due to COVID-19 and an analytical
synthesis of the system was performed to get the
performance data of the system. The preliminary results were
promising and the electric propulsion seems to deliver as
expected. The design will be further refined based on the
data. In future, once the situation improves, plan is to get the
hardware and perform tests on a system prototype.

Research indicated
that at 0 vertical
rate of climb, power
required changed
with diameter.
Effect was more
pronounced at
lower tip speeds.
The aspect ratio of
blade was 21.

Develop a synthesis 
plan

Develop
performance code 

for electric UAV

Chord-diameter 
sweep to select 
best aspect ratio

Create a forward 
flight – vertical 
climb margin

Perform blade tip 
speed- diameter 

sweep

Select best rotor 
design from 

performance data

Progress• Tip Drive helicopters work by
producing thrust near the tip of the
rotor to produce the necessary rotor
torque.

• This project involves developing a
custom rotor hub with slip ring system
for transmitting power and control
signals from the non-rotating
reference frame (the fuselage) to the
rotating reference frame (the rotor).

Figure 2: Power Required 0 Vertical rate of climb

Figure 4:Best Range at different tip speeds

Figure 3:Power Required at different tip speeds 

April 15, 20192019Undergraduate Research Opportunity Program (UROP) Summer 2020

Modern single main rotor/single tail rotor
helicopters are complex mechanically, thus
heavy and difficult to fly.
Major components include: main rotor, tail
rotor, transmission/drive system, main
engine, control system, etc.
This research explores a novel approach
based on a tip drive propulsion which
would remove the need for a tail rotor,
transmission/drive and the large primary
engine.

If emerging electric technologies were
incorporated, this will enable the removal
of the main engine and fuel system
lessening the complexity.

Figure 1. Example of a tip drive helicopter (Nagler-
Rolz)

Figure 5: Best Endurance at different tip speeds
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From Oppression to Power
African American Women Voters
Dominique G. Lange & Dr. Rebekah Chojnacki

Cn include 
picture/graphic visual 
relevant to theme A.

References

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 to establish 
understanding about voting behavior and 
patterns African American women.

Significance of  Research 
The information gathered in this research 
will allow scholars to understand African 
American women as an electorate. 

Voter Awareness & Identity

o As the 2020 United States presidential 
election draws closer, the task of  
examining the voting history of  African 
American women in the south can 
provide key details on predicting future 
voter patterns. American polity outside of  
a homogeneous lens.

Renewed Understanding 

o The information gathered in this research 
may help scholars to understand African 
American women as an electorate and 
better understand the underlying factors 
of  political expression and participation.

Methodology
In a mixed-method approach, research will 
be conducted using both quantitative and 
qualitative methods, this approach will 
counterbalance the contemporary research 
aspect with historical research. 

A. Service Learning 
B. Fieldwork
C. Interviews

Personal Experience
During this experience, I have been able to 
pay closer attention to my career goals, 
academic goals, and research. I can 
confidently say that I have progressed as a 
researcher and learned effective ways to 
market both myself  and my research. 

Research Goals
Moving forward my research will seek to 
answer three key research questions:
• To what extent does age, education, 

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

• How has the history of  voter 
suppression and intimidation impacted 
the electoral participation of  African 
American women?

• In what ways does voter suppression 
continue to hinder the participation of  
African American women in elections?

Various peer-reviewed research journals, 
and books analyze the different perspectives 
and general consensuses regarding the 
political engagement of  African American 
women. 

However, there is an enormous gap in 
contemporary peer reviewed scholarship 
about African American women voter 
turnout as well as what factors lead to the 
group’s voter identity. 
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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

METHODS
Pendulum Impact Test Setup

Results

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.
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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.

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

• 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

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
1. The sample cell was attached to the movable plate
2. The pendulum with the impact hammer was dropped at 5m/s
3. A camera was used to record the displacement of the

movable plate once it was hit with impact
4. The displacement data was used to calculate the reaction

force of the air cells using Hooke’s law.

Figure 2: Interconnected fluid filled cells

Figure 3: Pendulum Test Setup

Interconnected Fluid-filled Cells for Prevention of Concussion: 
Pendulum Impact Testing

Anura Shrestha, Alexandra Lindsay, Dr. Muthu Wijesundara

Biomedical Technologies, University of Texas at Arlington Research Institute (UTARI)

VARIABLES TESTED:
• V1: 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

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

Xenith 4 Channel V2
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Introduction
Many students enter college as 
struggling readers due to low literacy 
levels and learning disabilities.

Background
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.

Method
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 & Future
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.
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Keywords
Literacy: Using printed and written 
information to function in society, to 
achieve one’s goals, and to develop 
one’s knowledge and potential.
Learning disabilities: A number of
disorders which may affect the 
acquisition, organization, retention, 
understanding or use of verbal or 
nonverbal information.

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

Relevance
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.
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- 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 phantoms
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.

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. 

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 19.6th , 36.8th , 60th , 
79.4th , and 98th 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.

Results

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.

Contact: Parvat Sapkota(parvat.sapkota@mavs.uta.edu)
Department of Physics
www.uta.edu/physics

Massive data generation for deep learning-based scatter correction 
of cone-beam computed tomography(CBCT)
Parvat Sapkota and Mingwu Jin (supervisor)
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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.

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); c & 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.

Fig. 4. Workflow of deep learning-based scatter correction for CBCT. (Part 
of the figure is from [2] and [3].)

a)

b)

c) d)

e) f)

a) b)

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

v There are several models to determine CH4 
emission rates, but dispersal models are 
simpler, more accurate, and flexible.

Figure A: neque 
dignissim, and in 
aliquet nisl et umis.

Results
1. Comparison of Model Prediction and 
Controlled Emission Rate, Q

Nathaniel Steadman
nathaniel,steadman@uta.edu
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Evaluating Physics-Based Atmosphere Dispersal Model for Quantifying 
Methane (CH4) Emission Rates from Natural Gas (NG) Pipelines
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Future Implications
1. Collect more data at field site with more 

accurate sensors to measure atmospheric 
conditions

2. Determine a better way to classify stabilities
3. Compare the different ways to calculate 

Monin-Obkhov Length and its effect on the 
prediction of Q

4. Complete coupled modeling of the 
subsurface and the atmosphere for a more 
realistic understanding of natural gas leak 
emission rate

Objective
v What is the effect of atmospheric pressure, 

wind, atmospheric stability and surface 
roughness on predicted emission rates?

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

Conclusion
• In general, the model overpredicts Q by 

39% which is not a bad average for model 
predictions

• Atmospheric stabilities has a big effect on 
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. 

Materials and Methods
Field data was collected on June 1, 2020 at 
Methane Emissions Technology Evaluation Center*

(METEC) where CH4 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 
that tracks the methane particle from the sensor to 
the source to predict the emission rate based on 
the observed data of concentration and 
atmospheric conditions. 
* https://energy.colostate.edu/metec/
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• Atmospheric stability changes as the day 
progresses with transitional changes during 
sunrise and sunset.

Data Points
Average 
Emission 

Rate (kg/hr)
Standard 
Deviation

Prediction 
Accuracy

36 0.11 0.16 1.39

2. Comparing Atmospheric Stabilities

Atmospheric 
Stability

Data 
Points

Average 
Emission 

Rate 
(kg/hr)

Standard 
Deviation

Prediction 
Accuracy

Neutral 8 0.101 0.173 1.27

Stable 8 0.0676 0.0861 0.64

Unstable 14 0.0807 0.144 1.01

• When the atmosphere was unstable, on 
average the model overpredicted Q by 1%

3. Comparing Day/Night Cycle

Time 
Cycle

Data Points
Average 
Emission 

Rate 
(kg/hr)

Standard 
Deviation

Prediction 
Accuracy

Day 21 0.0913 0.1543 1.14

Night 10 0.0605 0.07749 0.756



Bidur Kaphle,
Undergraduate Research 

Fellowships, Honors College

Physics

Faculty Mentor: Yue Deng, Ph.D.

Localized Neutral Density Maxima 
in the Upper Atmosphere



Localized Neutral Density Maxima in the Upper Atmosphere
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Introduction Methodology Difference from Huang et al, 2016

Objectives
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; Akasofu,
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.

Previous Work

Progress

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
importance and effects of energy deposition and
momentum exchange at different scales so as to
describe the Ionosphere-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.

Fig: Neutral atmospheric densities for various
molecular and atomic species [Cravens, 1997].

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 mass density (g/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/cm3) 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)

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.
• The comparison of neutral temperature enhancements at Resolute Bay between FPI measurement and TIE-GCM simulation shows a consistent

underestimation of the neutral temperature in the model results. The simulated temperature increases by about 260° and 280 °K for the two storm
events, respectively, which are much smaller than the observed changes (750° and 900 °K). This might result from the underestimation of Joule
heating at high latitudes in the model as discussed in Huang et al. [2015].

Working Progress

Python code

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
where difference between neutral density and
moving average is greater than 30%.

Fig: Modified version of Huang et al. [2016]

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
the point where difference between neutral density
and moving average is greater than 30%.

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. We believe our data have a higher temporal
resolution than the data used by Huang et al. [2016].

The authors would like to thank Honors College
Undergraduate Research Fellowships for their support.

Future work

Acknowledgement

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
geomagnetic activities.

Our work will help us explore the mechanisms of localized
neutral density maxima and upper atmospheric response to
solar and geomagnetic activities. After getting all necessary
information and obtaining results, the next step will be
organizing the results and reporting them in a research paper.
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