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WELCOME TO THE SUMMER UNDERGRADUATE RESEARCH 
SHOWCASE 

 

I am thrilled to have you join us at Mississippi State University’s 2025 Summer Undergraduate 
Research Showcase! This event highlights the innovative research being accomplished at our 
institution and celebrates the work of our talented students.  

Over the past few months, these students have immersed themselves in hands-on research and 
collaborated with faculty mentors to explore new ideas and push the boundaries of their fields. Today’s 
showcase is a celebration of that journey. Whether you're here to present, support, or simply explore, 
we invite you to engage with the projects, ask questions, and enjoy the energy and creativity that fills 
this space. 

To our student researchers: we’re proud of you. Your dedication, curiosity, and hard work are on full 
display today, and we hope this experience inspires you to keep exploring and investigating. 

To our mentors, staff, and supporters: thank you for guiding and encouraging these students every step 
of the way. Your commitment and impact are deeply felt. 

We encourage everyone to take full advantage of the presentations and discussions and help foster a 
spirit of collaboration and intellectual interest. There are comment cards available to share feedback 
with students about their work. Your participation strengthens our vibrant research community. 

We look forward to an inspiring and rewarding day. Let’s make today a celebration of discovery, 
connection, and the bright future ahead. Thank you for being a part of this special event. 

 

Warmly, 

Anastasia D. Elder, Ph.D. 
Director of Undergraduate Research & Creative Discovery  
Associate Dean, Shackouls Honors College 



UNDERGRADUATE RESEARCH SHOWCASE SCHEDULE 

Summer 2025 

Thursday, July 31st 
Poster Presentations 
TIME EVENT LOCATION 

10:30 AM – 11:00 AM 
Project Check-in and Student 
Viewing of Other Posters Foster Ballroom, Colvard 

Student Union, Second Floor 
11:00 AM – 1:00 PM Poster Session 

Oral Presentations 

TIME EVENT LOCATION 

10:30 AM – 11:00 AM Project Check-in  

Whittington Board Room, 
Colvard Student Union, Second 
Floor 11:15 AM 

Sophia Fabel (110) 
Uncovering the Hidden History of the Dunn-Seiler 
Museum, Mississippi State University  

Jacob Matkin (111) 
Where is Our Movement? 
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NAME RESEARCH CATEGORY PROJECT NUMBER 
Lizzy Beall Engineering 1 

Madelyn Berry Engineering 2 
Prashant Bhattarai Engineering 3 
Christopher Bolton Engineering 4 

Griffin Bowers Engineering 5 
William Brown Engineering 6 

Prabin Budhathoki Engineering 7 
Diego Burgueno Engineering 8 

Maisha Chowdhury Engineering 9 
Steven Coltharp Engineering 10 
Ryleigh Crocker Engineering 11 
Abhinav Dhakal Engineering 12 
Abhinav Dhakal Engineering 13 
Sushant Dhakal Engineering 14 
Annalyn Fayard Engineering 15 

Paris Gary Engineering 16 
Bikal Ghimire Engineering 17 
Niranjan Giri Engineering 18 
Niraj Gupta Engineering 19 

Joseph Harris Engineering 20 
Ainslee Johnson Engineering 21 
Bhawna Khatri Engineering 22 

Dash Gines Engineering 23 
Harrison Ragon Engineering 24 

Olivia Leatherman Engineering 25 
Rachel Lee Engineering 26 
Alicia Leem Engineering 27 

Anoop Mishra Engineering 28 
Ashwani Kumar Mishra Engineering 29 

John Modl Engineering 30 
Abdulrehman Mohamed Engineering 31 

Jay Patel Engineering 32 
Saloman Pittman Engineering 33 

Robert Pope II Engineering 34 
Robert Race Engineering 35 

Liza Ranabhat Engineering 36 
Carter Reed Engineering 37 

Bennett Reetz Engineering 38 
Rebekah Storment Engineering 39 

Mandy Sun Engineering 40 
Elijah Turman Engineering 41 
Saphal Upreti Engineering 42 
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NAME RESEARCH CATEGORY PROJECT NUMBER 
George Utz Engineering 43 

Lydia Valentine Engineering 44 
Quinton Wiley Engineering 45 
Tetevi Wilson Engineering 46 

Mason Youngblood Engineering 47 
Kaitlyn Anderson Physical Sciences 48 
Swarup Bhattarai Physical Sciences 49 
Anna Constable Physical Sciences 50 

Sevita Dance Physical Sciences 51 
Naisha Gaur Physical Sciences 52 
Tariq Gibbs Physical Sciences 53 

Simone Gorman Physical Sciences 54 
Paul Gramelspacher Physical Sciences 55 

Spence Hanegan Physical Sciences 56 
Cooper Kiel Physical Sciences 57 
Carson May Physical Sciences 58 

Jodie Roberts Physical Sciences 59 
Arjumand Shafiq Physical Sciences 60 
Charles Shurlds Physical Sciences 61 
Delaynie Spies Physical Sciences 62 

Riley Thompson Physical Sciences 63 
Hoang Tran Physical Sciences 64 
Laurina Xie Physical Sciences 65 

Kayden Addison Biological and Life Sciences 66 
Grace Albrecht Biological and Life Sciences 67 
Eddie Anderson Biological and Life Sciences 68 
Erin Blanchard Biological and Life Sciences 69 

Elda Cook-Windham Biological and Life Sciences 70 
Kaitlyn Cox Biological and Life Sciences 71 

Julius Culwell Biological and Life Sciences 72 
Dennis Dalton Biological and Life Sciences 73 

Thanh Tien Dao Biological and Life Sciences 74 
Jeremy Dawe Biological and Life Sciences 75 

Amonee Draper Biological and Life Sciences 76 
Akaylin Echols Biological and Life Sciences 77 

Reagan T Elmore Biological and Life Sciences 78 
Zaria Foxworth Biological and Life Sciences 79 

Chassity Fry Biological and Life Sciences 80 
Aidan Gardner Biological and Life Sciences 81 

Ethan Hall Biological and Life Sciences 82 
Ethan Hansen Biological and Life Sciences 83 
Sasha Harvey Biological and Life Sciences 84 
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NAME RESEARCH CATEGORY PROJECT NUMBER 
Tasfia Hassan Biological and Life Sciences 85 
Taylor Henry Biological and Life Sciences 86 

Stephen Hoerchler Biological and Life Sciences 87 
Savannah Jones Biological and Life Sciences 88 

Mia Martin-Fuller Biological and Life Sciences 89 
Kaleah McCall Biological and Life Sciences 90 
Sadie McCoy Biological and Life Sciences 91 

Cassidy McCullough Biological and Life Sciences 92 
Emma Morgan Biological and Life Sciences 93 

Marcos Rodrigues Oliveira Junior Biological and Life Sciences 94 
Paige Reid Biological and Life Sciences 95 

Isabella Rushing Biological and Life Sciences 96 
Gianluca Santos Biological and Life Sciences 97 
Brayden Smith Biological and Life Sciences 98 
Samuel Smith Biological and Life Sciences 99 
Vineel Vanga Biological and Life Sciences 100 

Maylind White Biological and Life Sciences 101 
Maisy Williams Biological and Life Sciences 102 
Sophia Williams Biological and Life Sciences 103 

Hasini Yamagowni Biological and Life Sciences 104 
Gabriella Sutherland Arts, Music, & Design 105 

Evelyn Garland Education 106 
Rebecca Zhu Education 107 

Elizabeth Frederickson Social Sciences 108 
Kallen Zhou Social Sciences 109 
Sophia Fabel Humanities 110 
Jacob Matkin Humanities 111 
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66.  
Name: Addison, Kayden  
Major: Biochemistry - Bachelor of Science  
University: Manchester University  
Faculty Research Mentor: Nick Fitzkee, Chemistry  
Co-Author(s): Justin Lovett  
Funding: NSF REU Award #2150130 – Environmental Focus in Food, Energy, and Water Security 
Project Category: Biological and Life Sciences  

Quantifying Protein Interactions with Polystyrene Microplastics  
Microplastics, with a diameter of 1-5,000 µm, are a significant environmental concern. High concentrations of 
microplastics in the human body negatively impact health, and recent studies have shown that significant microplastic 
contamination exists within oceanic and land ecosystems. Although microplastic pollution has drastically increased, 
little is known about the mechanisms by which microplastics disrupt biological systems. This study aims to investigate 
how microplastics can alter protein structure. We use dynamic light scattering (DLS) to quantify protein binding to 
micro- and nano- plastics and circular dichroism (CD) to characterize protein structural changes. Moreover, we 
explore NMR and fluorescence spectroscopy as tools for probing protein behavior. Preliminary studies reveal that 
protein-microplastic interactions are similar to protein-nanoparticle interactions, characterized by weak binding and 
structural perturbations. These experiments could potentially simplify studies of microplastics if polystyrene 
nanoparticles are found to be like polystyrene microplastics. 

67.  
Name: Albrecht, Grace  
Major: Environmental Sci in Ag System - Bachelor of Science  
University: Eckerd College  
Faculty Research Mentor: Courtney Siegert, FWRC - Forestry 
Funding: NSF REU: Forestry  
Project Category: Biological and Life Sciences  

Water Quality Analysis of Perennial and Intermittent Streams in the John W. Starr Memorial Forest   
Forested watersheds are where precipitation and naturally flowing water collect and move throughout a forest 
ecosystem within different types of water bodies, such as streams or rivers. The preservation of these watersheds is 
crucial for overall water quality, because it filters out pollutants and maintains the health of forests for aquatic and 
land organisms, as well as providing clean drinking water for people. This study examines water quality within the 
northern section of the John W. Starr Memorial Forest, managed by the College of Forest Resources, to assess how 
the forest helps maintain or improve water quality as perennial and intermittent streams flow through it. To address 
this, water samples were collected at five different locations and studied for water quality indicators, including total 
dissolved solids, dissolved oxygen, dissolved organic carbon, pH, electrical conductivity, nitrate, and ammonium. 
Preliminary results show that streams entering the forest had a DO of 6.49 ± 0.55 ppm, which was slightly higher than 
the streams within the property, which had a DO of 5.83 ± 0.26 ppm. Streams entering the forest had a nitrate of 
0.056 +/- 0.007mg/L, which is lower than streams within which had a nitrate of 0.068 ± 0.008mg/L. Streams entering 
the forest had a pH of 7.12 ± 0.15, which is slightly higher than the pH of streams within the forest, at 6.90 ± 0.09. 
Streams entering the forest had a DOC of 15.9 ± 1.5 ppm, which is higher than streams within the forest with a DOC 
of 13.8 ± 0.9 ppm. The results suggest that water quality in Starr Forest improves or remains consistent as it flows 
through, highlighting the ability to achieve water quality standards in working forests.    
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68.  
Name: Anderson, Eddie  
Major: Chemical Engineering - Bachelor of Science  
University: Howard University  
Faculty Research Mentor: Jason Street, FWRC-Sustainable Bioproducts  
Funding: NSF REU Award #2150130 – Environmental Focus in Food, Energy, and Water Securityans 
Project Category: Biological and Life Sciences  
  
Effects of Particle Size and UV Irradiation on Industry-Specific Biochar for Methylene Blue Uptake,  
Incorporating Particle Distribution Model Via Camera-Based AI Analysis   
This study investigates the impact of particle size distribution and ultraviolet (UV) irradiation on industry-specific 
biochar to enhance its use as an adsorbent for the organic pollutant methylene blue.  Biochar's high porosity, large 
surface area, and low price have garnered attention in fields such as agriculture, materials, energy, and environment.  
While biochar is known for its adsorption capabilities, the role of ultraviolet (UV) irradiation on industry-specific 
biochar for the uptake of methylene blue has yet to be investigated. In this study, biochar was obtained from a 
wood milling company as a byproduct of renewable biomass processing. Such char was modified under UV 
irradiation and used in batch sorption studies. These studies looked at the kinetics and equilibrium adsorption of 
methylene blue (MB) on different particle sizes of pristine biochar and UV-modified biochar. The kinetics and 
equilibrium performance of pristine and UV-irradiated biochar in adsorbing methylene blue were evaluated using 
Langmuir and Freundlich isotherm models, as well as pseudo-first and pseudo-second-order kinetic models. Biochar 
performance was compared with the performance of activated carbon, an analogous carbon-rich molecule, to 
gauge biochar's viability as a sustainable alternative. Notably, the study incorporates a novel approach by employing 
camera-based computations combined with artificial intelligence to create a model that can accurately predict the 
particle size and performance of specific biochars.   
  

48.  
Name: Anderson, Kaitlyn  
Major: Data Science - Bachelor of Science  
University: University of Michigan  
Faculty Research Mentor: Tung-Lung Wu, Mathematics & Statistics  
Co-Author(s): Asanka Duwage  
Funding: NSF REU: Computational Methods with Applications in Materials Science  
Project Category: Physical Sciences  
  
Anomaly Detection in Material Images Using Scan Statistics  
Nanoproducts are a growing sector due to their unique properties and wide range of applications across industries. 
However, nanomaterial production is a complex process that requires a high degree of precision, making it 
challenging to ensure consistent quality at a large scale. Minor defects can significantly alter their functional 
properties and overall performance, making accurate detection of defects crucial for maintaining and controlling 
nanomaterial properties. To address these challenges, this project applies scan statistics to detect localized defects in 
scanning election microscope images of nanofibrous materials. We implemented both square and circular scanning 
windows of varying sizes to identify clusters in the images. By generating null distributions through permutation 
testing, we assessed the statistical significance of detected regions, leading to reliable identification of anomalies. For 
each image, we identified the most effective scan window by selecting the size that minimized the p-value, allowing 
us to adapt the detection process to the unique spatial features of each image and effectively address different types 
of anomalies. Overall, this approach provides a robust and adaptable method for automated anomaly detection, with 
the potential to enhance quality control in nanomaterial manufacturing.   
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1.  
Name: Beall, Lizzy  
Major: Physics - Bachelor of Science  
University: Agnes Scott College  
Faculty Research Mentor: Eric Collins, HPC2  
Co-Author(s): Jacob Moore  
Funding: NSF REU: Computational Methods with Applications in Materials Science 
Project Category: Engineering  

Developing a Computational Pipeline for Microstructure-based Modelling with ExaCA and EVPFFT  
The microstructure of a metal determines its properties and by understanding the grains that make up that structure, 
we can predict the behavior of that material. However, it can be difficult and costly to view the microstructure of a 
metal, especially since the microstructure is highly dependent on the manufacturing history of the part. By computer 
generating the microstructure of a material, we can better understand its properties. Exascale Cellular Automata 
(ExaCA) can generate a microstructure for a metal sample given its thermal history and Elasto-Visco Plastic Fast 
Fourier Transforms (EVPFFT) can model the response of the crystals in a grain structure to deformation. The focus of 
this investigation is the development of a work method to use both of these programs, compare their fidelity to 
physical reality and create one script to automatically run both programs in sequence. First, the structure needs to be 
generated in ExaCA, which for simplicity is a 128x128x128 voxelized cube directionally cooled in the Z direction. The 
output is converted into an input file for EVPFFT using a python conversion script. Then EVPFFT is used to model that 
microstructure generated by ExaCA under different conditions, in this case, tension in the Z direction. Running both 
of these programs from one script can increase the efficiency of the process. This modelling pipeline can be used to 
generate high fidelity data to increase the accuracy of predictions based on the grain structure of a material and train 
reduced order models.    

2.  
Name: Berry, Madelyn  
Major: Aerospace Engineering - Bachelor of Science  
Faculty Research Mentor: Han-Gyu Kim, Aerospace Engineering  
Co-Author(s): Taehee Lee  
Funding: Federal Aviation Administration (FAA) Award Number: G00003737 
Project Category: Engineering  

Comparison of Mode-II Interlaminar Fatigue Damage in Stitched and Unstitched End-Notched Flexure 
Composite Beams  
Composite materials are increasingly used in the development of advanced aircraft technology due to their 
lightweight and high strength characteristics. However, composite structures in modern aircraft, especially during 
high speed flight, are subjected to extreme environments. In these situations, intense vibrations induce cyclical 
loading on the composite, potentially leading to significant fatigue damage and, ultimately, mode-II interlaminar 
failure (failure due to in-plane shear stress). This research focuses on the use of out-of-plane stitches to improve the 
fatigue life of this failure mode and aims to characterize the damage progression observed during fatigue testing. To 
achieve this, end-notched flexure (ENF) test specimens were manufactured from resin infused carbon fiber, both with 
and without stitching. Using a three-point bending test fixture, the compliance calibration method was used to 
characterize the fracture energy of the specimens. Fatigue tests were then conducted under varying loading 
conditions using both force and displacement controls. Local analysis of crack propagation and separation 
development was conducted using digital image correlation (DIC) systems. Comparisons between the stitched and 
unstitched cases using fracture, stress, and crack propagation data were made to determine the impact out-of-plane 
stitches have on fatigue life in resin infused carbon fiber composites.  
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3. 
Name: Bhattarai, Prashant  
Major: Mechanical Engineering - Bachelor of Science  
Faculty Research Mentor: Haifeng Wang, Industrial and Systems Engineering  
Co-Author(s): Jason Street, Kevin Ragon, Christine Fortuin, Wenmeng Tian, Mohammad Marufuzzaman  
Funding: NSF REU: AI2F: Research and Extension Experiences for Undergraduates (REEU) in AI-enabled Industrial 
Solutions for Forest Products  
Project Category: Engineering  

Design and Prototyping of a Modular AI-Powered Field Device for Forest Monitoring Applications As AI 
technologies become increasingly accessible, their integration into field-deployable tools presents new 
opportunities for industrial and environmental monitoring. This project, part of the AI2F: Research and Extension 
Experiences for Undergraduates (REEU) in AI-enabled Industrial Solutions for Forest Products, focuses on the 
design and prototyping of a compact, AI-powered device for field data collection. The system integrates a Jetson 
Nano Developer Kit, a 7-inch HDMI touchscreen display, an embedded camera module, a detachable secondary 
camera, and a custom battery-powered enclosure. The project’s objective is to produce a portable, modular device 
capable of supporting real-time image processing and AI-based inference tasks in remote forest environments. The 
development process follows a design–test–refine cycle, beginning with computer-aided design (CAD) modeling 
using SolidWorks. Prototypes are fabricated using a PrusaXL 3D printer, enabling rapid iteration and functional 
testing of the physical enclosure and component integration. The methodology emphasizes iterative design 
grounded in usability, modularity, and durability for field deployment. Trial-and-error testing is used to evaluate 
enclosure fit, structural integrity, and ease of assembly.   

49.  
Name: Bhattarai, Swarup  
Major: Electrical Engineering - Bachelor of Science  
Faculty Research Mentor: Jeff Winger, Physics & Astronomy  
Co-Author(s): Prajwal MohanMurthy, Swarup Bhattarai, Maruf Abubakar 
Funding: Shackouls Honors College Research Fellowship  
Project Category: Physical Sciences  

Simulating the β+ Decay Spectrum of 22Na  
The β+ decay of 22Na(3+), characterized by a Q-value of 1568.79 keV and a dominant transition (99.944%) to the 2+ 
state of 22Ne, which itself promptly decays to 0+ state via an E2 transition, offers a platform for probing physics 
beyond the Standard Model. In particular, the Fierz interference term b, which modifies the shape of the β spectrum 
and is sensitive to exotic scalar or tensor couplings, remains poorly constrained. The last measurement of b in 22Na 
dates to the 1960s and suffers from underestimated systematic uncertainties. The 1960s measurement remains a key 
input into the CKM matrix element V_ud estimate from a global analysis of 0+ → 0+ beta decays.  
We performed a series of high-resolution simulations of the 22Na β+ decay spectrum using the Beta Spectrum 
Generator (BSG), incorporating relativistic kinematics, phase space factors, and shape corrections for values of b up to 
its projected sensitivity. The simulations also account for beta-electron asymmetry and the neutrino-electron 
correlation. Special attention was given to modifications of the β+ spectrum introduced by background contributions 
from 7Be and 3H. The positron spectra were computed with 10 eV energy steps to resolve fine features, and we 
propagated statistical uncertainties through normalization and spectrum analysis. Our goal is to characterize how 
variations in b affect the spectrum shape, particularly in the low-energy region where the Fierz term contributes most 
significantly. This simulation effort is part of a study toward a future experimental re-measurement of the 22Na β+ 
spectrum, using an embedded-source technique in a high-purity Germanium semiconductor detector. While 
experimental planning are ongoing, this work establishes a foundation for assessing the spectral sensitivity to b and 
refining the design criteria needed to reach a sensitivity of b < 0.01 (90% C.L.).  
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69.  
Name: Blanchard, Erin  
Major: Biochemistry - Bachelor of Science  
Faculty Research Mentor: Carrie Vance, Biochemistry Nutrition Health Promo 
Funding: College of Agriculture and Life Sciences URSP Project 
Category: Biological and Life Sciences  

Developing Diagnosis Tool for Bovine Respiratory Syncytial Virus through Near Infrared Spectroscopy   
Bovine Respiratory Syncytial Virus (BRSV) is a major contributor to Bovine Respiratory Disease (BRD), a disease 
complex of respiratory infections responsible for severe economic losses in the cattle industry every year. BRSV 
primarily targets the lower respiratory tract and can cause a wide variety of both subclinical and clinical signs. Clinical 
signs include fever, nasal and ocular discharge, labored respiratory rate, and interstitial pneumonia, making it difficult 
to identify without further testing. For this study, an infection gradient was created by infecting calves with increasing 
dosages of BRSV. A total of 22 calves were transported one week after birth and raised in research pens at Mississippi 
State University. At approximately 12 weeks of age, calves were randomly split into 4 groups and challenged with 
10*3, 10*4, and 10*5 TCID50 units of BRSV via aerosol, establishing a low, medium, and high dose respectively. The 
control was nebulized with cell culture medium. Following the challenge, clinical signs, blood (separated into serum 
and plasma), nasal secretions, breath condensate, and saliva were collected daily for 14 days. Spectra of serum were 
collected using ASD FieldSpec 3 and ADS FieldSpec 4 near-infrared spectrometers. Serum spectra were recorded in 
500-2048 nm, using 1 mm quartz cuvettes as the container. Analysis of the serum spectra is currently underway using
multivariate analysis and machine learning methods with the objective of developing a robust algorithm for detection
of BRSV as early as possible, offering a non-invasive alternative to current BRSV diagnosis methods.
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4.  
Name: Bolton, Christopher  
Major: Aerospace Engineering - Bachelor of Science  
Faculty Research Mentor: Vilas Shinde, Aerospace Engineering  
Funding: National Aeronautics and Space Administration (NASA) Grant No. 80NSSC24M0103. 
Project Category: Engineering  

Magnetohydrodynamic Thermo-Chemical Nonequilibrium Impact on a Highly Hypersonic Blunt Body Re-entry 
Vehicle  
The survivability of re-entry vehicles remains a significant challenge due to the intense aerothermodynamic 
interactions encountered during highly hypersonic atmospheric descent. Consequently, thermal protection systems 
(TPS) are commonly employed to mitigate these effects. In the previous decade, the study of an alternative TPS 
utilizing magnetohydrodynamic (MHD) physics has regained interest. For highly compressible flows, MHD systems 
exploit the coupling between weakly ionized plasma and magnetic fields to reduce surface heat transfer. A condition 
of highly hypersonic flow described as thermo-chemical non-equilibrium is included to highlight the importance of 
high-fidelity reaction models for predicting aerothermal fluxes with MHD effects. The open-source computational 
fluid dynamics (CFD) solver extension, hyStrath-OpenFOAM, is employed to explore MHD thermo-chemical 
nonequilibrium effects on a blunt body re-entry vehicle. The study evaluates the impact on aerothermal quantities 
with the incorporation of 11-specie chemical kinetics, Park’s two-temperature model, and Gupta’s 1989 collision data. 
Quasi-ideal MHD conditions are assumed, defined by a low magnetic Reynolds number, an electrically isolated wall, 
and a uniform magnetic field. The NASA Mars Science Laboratory (MSL) capsule is considered for the computational 
domain. Literature shows that the integration of a non-equilibrium model will result in more precise heat mitigation, 
and MHD systems tend to reduce heat transfer due to the generated Lorentz forces. Overall, accurate modeling of 
translational-vibrational thermal coupling and quasi-ideal MHD effects can lead to an increase in shock standoff 
distance, yielding heat flux reduction. Experimentation coaligned with these results as heat flux values decreased 
along the vehicle body compared to non-reacting MHD tests. Additionally, an increase in shock standoff distance was 
observed as expected. This study exemplifies the capability of a supplementary re-entry TPS that utilizes MHD 
interactions with thermo-chemical reactions to reduce overall vehicle surface temperature.  
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5. 
Name: Bowers, Griffin  
Major: Mechanical Engineering - Bachelor of Science  
Faculty Research Mentor: Matthew Priddy, Mechanical Engineering 
Co-Author(s): Luke Salisbury, Charlotte Thompson  
Funding: CAVS  
Project Category: Engineering  

Effects of Water Absorption on the Mechanical and Geometrical Behavior of FFF 3D Printed ULTEM 1010  
Fused Filament Fabrication (FFF) 3D printing is a widely used additive manufacturing technique where thermoplastic 
filament is extruded to produce parts layer by layer. This method is valued for its speed and cost effectiveness when 
compared to traditional manufacturing methods such as CNC milling, casting, and injection molding. ULTEM 1010 is 
heavily favored in aerospace and marine applications for its strength, thermal stability, and chemical resistance. 
However, FFF-printed ULTEM 1010 is primarily limited to prototyping as it is anisotropic in nature. This inherent issue 
with FFF-printed parts generates uncertainty around most of the material’s mechanical behavior. A critical aspect is 
ULTEM 1010’s hygroscopic nature, which is further heightened by pores introduced via FFF-printing. Despite ULTEM 
1010’s high strength and good thermal, electrical, and chemical properties, a lack of information regarding its 
response to water exposure limits the material. In this study, 3D printed ULTEM 1010 tensile specimens were exposed 
to open air, deionized water, and 3.5% saltwater for 5 days to simulate rain and marine environments. Specimens 
were weighed to assess moisture absorption, measured for dimensional change, and their tensile strength tested in 
accordance with ASTM D638. After tensile testing, the specimens were placed under a microscope to examine their 
surface finish and failure mode. This study seeks to quantify the impact of short-term water exposure on some of the 
mechanical properties of FFF-printed ULTEM 1010 to give more insight into potential use beyond prototyping.    

6.  
Name: Brown, William  
Major: Data Science - Bachelor of Science  
Faculty Research Mentor: Jonathan Barlow, Data Science 
Project Category: Engineering  

TraceableLM: A Transformer-Based Language Model for Teaching and Scholarship  
We present the design and implementation of a miniature transformer-based language model, TraceableLM, built 
from first principles in PyTorch. Our goal is to empower an academic researcher or student in any discipline to 
experiment with an AI language model trained on a known corpus of text. Our pipeline begins with a custom regex-
based tokenizer that splits raw text into words and punctuation, constructs a frequency-filtered vocabulary with out-
of-vocabulary tokens, and converts sequences of tokens into integer IDs. We then implement the core transformer 
components—including multi-head self-attention, residual connections, layer normalization, and feed-forward 
networks—to form a stackable “TransformerBlock.” TraceableLM integrates learned token and positional embeddings, 
multiple transformer layers, and a final linear head to predict the next token in a sequence. We demonstrate end-to-
end pretraining on both a small public-domain short story and the larger WikiText-2 corpus. Our training procedure 
uses sliding-window batching, AdamW optimization, and cross-entropy loss, achieving validation perplexities in line 
with expectations for models of this scale. We also explore sampling strategies (greedy, temperature, top-k) to 
generate coherent continuations. This project provides a hands-on educational framework for understanding the 
internals of large language models, from data preprocessing through generation. All code and documentation are 
publicly available on GitHub, enabling further experimentation with subword tokenization, hyperparameter tuning, 
and downstream fine-tuning tasks.  
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7. 

Name: Budhathoki, Prabin  
Major: Computer Engineering - Bachelor of Science  
Faculty Research Mentor: Jason Street, FWRC-Sustainable Bioproducts 
Co-Author(s): Niraj Gupta  
Funding: NSF REU: USDA NIFA REEU  
Project Category: Engineering  

Deep Learning Implementation for Wood Chips Weathering Duration Detection  
Wood, when exposed to outdoor environments, undergoes weathering—a natural process that alters its surface 
properties, appearance, and potentially its structural performance. Understanding how long it takes for these changes 
to occur is important for assessing material durability and guiding treatment or usage decisions. However, traditional 
methods for tracking weathering are time-consuming, often relying on long-term exposure studies and subjective 
visual inspection. This project explores the use of transfer learning – a machine learning technique that builds on pre-
trained image classification models—to predict the weathering period of wood chips based on visual data. A dataset 
of wood chip images was collected under controlled weathering conditions, and their images were taken; later, these 
data will be used to train a model to identify patterns that correspond to different exposure durations. These patterns 
may include color changes, surface roughness, or other textural features that emerge over time. By leveraging 
existing deep learning models and fine-tuning them on this specialized dataset, a system will be developed that 
estimates how long a wood sample has been exposed to outdoor conditions. This project will use deep learning to 
create a faster and more scalable way to assess wood weathering, supporting more accessible and data-driven 
research in wood science.  

8.  
Name: Burgueno, Diego  
Major: Computer Science - Bachelor of Science  
University: Texas A&M University  
Faculty Research Mentor: Jingdao Chen, Computer Science and Engineering 
Co-Author(s): Charles Raines, Mandy Sun  
Funding: NSF REU: Cybersecurity in Emerging Technologies  
Project Category: Engineering  

Vision-language navigation for quadruped robots  
Quadruped robots offer enhanced mobility capabilities, such as lateral movement and the ability to navigate complex 
or uneven terrain. However, controlling these robots remains a challenge for non-technical users. Vision-language 
navigation aims to bridge this gap by enabling natural language commands to guide robot behavior, using its vision 
system. This research introduces a vision-language navigation system designed for to help navigate a quadruped 
robot using natural language prompts, and real-time environmental feedback provided by stereo camera imagery 
and accumulated 3D point clouds. Sensor data from the robot is acquired through color and depth images obtained 
from the stereo vision system. This sensor data is used to construct a 3D map by accumulating point cloud data. 
Semantic information is added by projecting labeled object predictions from YOLO-E onto the 3D map. The current 
position and orientation of the robot is obtained through Simultaneous Localization and Mapping (SLAM). When a 
user provides a language prompt, the system identifies the closest matching object in the 3D map. Once the 
navigation target is identified, the robot then is programmed to move towards the target while avoiding obstacles 
and navigating its environment using the constructed 3D map The robot is guided by high-level linear and angular 
velocity commands sent to the control API. Cybersecurity of the system is evaluated by identifying failure modes of 
the system such as incorrect object detection, localization errors, moving objects, insecure network, or adversarial 
prompts. The system was tested in both a controlled lab setting and hallway environments in Butler Hall, featuring 
real-world obstacles such as furniture, people, and doorways. These tests demonstrate the effectiveness of using 
vision-language interfaces for intuitive robot control in navigating a real-world environment.  
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9. 
Name: Chowdhury, Maisha  
Major: Computer Science - Bachelor of Science  
University: Iowa State University  
Faculty Research Mentor: Asad Malik, Electrical and Computer Engineering and Samee Khan, KSU
Co-Author(s): Faiza Akram, Kaleb Love, Gabriella Dunne, Katherine Williams  
Funding: NSF REU: iEDGE (NSF Award #2348711)  
Project Category: Engineering  

Kernel-Aware Resource Allocation for Multi-Process LLM Inference on Constrained Edge Platforms  
Large Language Models (LLMs) are increasingly being deployed on edge platforms to enable lightweight, real-time 
natural language inferences. However, the constrained nature of such hardware poses significant challenges when 
running multiple concurrent LLM processes each with varying computational and memory demands, distinct latency 
sensitivities, and unpredictable runtime dynamics. We designed a kernel-level framework that enables efficient 
integration and scheduling of multiple LLM models on resource-constrained edge devices. Our framework extends 
the Linux kernel with LLM-aware scheduling primitives that track per-process characteristics such as request queue 
depth, memory footprint, and processing latency. These real-time metrics are used to dynamically allocate CPU cores 
and prioritize workloads, ensuring balanced resource distribution and minimizing contention. We conducted an 
extensive evaluation of our proposed framework on a Raspberry Pi 4 & 5 (8GB RAM) using a suite of LLMs 
(DeepSeek-R1:1.5b, Llama 3.2:3b, and Gemma 3:1b) deployed through the Ollama inference engine. Experiments were 
performed across two conditions: varying batch sizes (10, 20, 50, 100) and CPU core affinity (cores 0–3 vs. default 
scheduling). Earlier results show that CPU utilization consistently reached 97–99% across all runs, indicating the 
Raspberry Pi’s limited processing headroom even at lower loads. Memory usage increased with batch size, from 
~69% at smaller batches to over 83% at higher ones, due to the models’ growing context windows.  The initial 
approach showed that latency per question decreased with larger batches, likely due to amortized initialization and 
better CPU usage. Core binding led to minor variations in performance, but default kernel scheduling proved more 
stable across workloads. After implementing our LLM-aware scheduler, results show that our scheduler significantly 
improves system responsiveness and throughput under concurrent load compared to the default Linux scheduler. 
This work demonstrates the potential of kernel-level AI-awareness in enabling scalable and efficient edgebased LLM 
inference.  
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10.  
Name: Coltharp, Steven  
Major: Aerospace Engineering - Bachelor of Science  
Faculty Research Mentor: Vivek Khare, Aerospace Engineering 
Project Category: Engineering  

FEA Analysis of Carbon Fiber Reinforced Polymer Composite Tape Springs  
Deployable space structures are structures designed to deploy from space after launch. This provides many 
challenges such as reliability, volume, and mass restrictions. Carbon fiber reinforced polymer (CFRP) composite tape 
springs are a type of deployable space structure that deploys through stored elastic strain energy. When bent, the 
tape spring stores elastic strain energy which allows the tape spring to initiate self-deployment through the release of 
this strain energy. Being composed of CFRPs also gives tape springs advantageous properties such as being 
lightweight, having high stiffness, and the elasticity which allows them to store energy. These properties make CFRP 
tape springs an excellent structural reinforcement candidate in the field of deployable space structures where low 
mass and reliable deployments are necessary. During folding and release, tape springs undergo complex non-linear 
behavior and sudden large deformations making their mechanics difficult to predict. This research presents a 
simulation of the folding and deployment mechanics of a CFRP tape spring through the finite element solver 
ABAQUS. It also examines the tape spring hinge, a different form of space deployable structure that functions 
similarly to tape springs, and future advances such as the inclusion of smart materials and using stitch composites. 
Being able to simulate the complex non-linear behavior of tape springs allows us to better understand the impact 
that parameters like material, shape, and rate of deformation have on deployment efficiency.   

50.  
Name: Constable, Anna  
Major: Chemistry - Bachelor of Science  
University: Bethel University Indiana  
Faculty Research Mentor: Charles Webster, Chemistry  
Co-Author(s): Garrett Wells, Samuel D. Juarez-Escamilla, T. Keith Hollis  
Funding: NSF REU: Computational Methods with Applications in Materials Science 
Project Category: Physical Sciences  

Computational Investigation of Substituent Effects on Zirconium Pincer Complexes via Density Functional 
Theory Methods  
Organic light-emitting diodes (OLEDs) have emerged as a promising technology for displays due to their high 
efficiency and superior color performance. The primary objective of this study was to investigate the tunability of 
zirconium carbene "pincer" complexes for potential use in OLED applications. Specifically, we aim to understand how 
changes in coordinated ligands and their substituents influence the electronic structure and spectral properties. A 
series of computational tests were conducted using density functional theory (DFT) to optimize the ground-state 
geometries and time-dependent density functional theory (TD-DFT) to optimize the excited-state geometries. TD-DFT 
calculations are also used to predict absorption and emission spectra. The effects of ligand variation and the 
simulated spectra will be discussed.  
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Name: Cook-Windham, Elda  
Major: Wildlife, Fisheries & Aqua - Bachelor of Science  
Faculty Research Mentor: Murry Burgess, FWRC-Wildlife,Fisheries&Aquaculture 
Funding: ORED Undergraduate Research Program  
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Noise Pollution and Fine-scale Urban Bird Communities  
The impact of noise pollution on urban bird communities has been a focus in cities and other large-scale areas of 
urbanization. Nonetheless, there is limited understanding of whether fine-scale urbanization, such as neighborhoods 
and college campuses, impacts bird behavior similarly. To test the changes in bird behavior, specifically area 
avoidance, birds were observed for ten minutes five days a week in four smaller locations across the Mississippi State 
University campus with varying sound influences, such as generators, construction, vehicles, and foot traffic. The 
minimum, maximum, and average sound levels in each area were recorded along with a point count collection of the 
varying bird species. The results of this experiment have shown that while some areas are either under constant noise 
intrusion or have sudden loud sounds, some bird species have adapted to the areas while others are avoidant, even if 
resources are plentiful. The results of this experiment support the hypothesis, but more research will be needed in the 
future. All in all, it is interesting to see how urban birds are adapting alongside people. Educating the public on the 
importance of bird conservation can also greatly benefit the surrounding bird populations and promote a healthier 
place to live for all.   

71. 
Name: Cox, Kaitlyn  
Major: Animal and Dairy Science - Bachelor of Science  
Faculty Research Mentor: Seung-Joon Ahn, Biochemistry Nutrition Health Promo 
Co-Author(s): Courtney Wynn  
Funding: NIH-R25 EMCC-MSU Bridge program  
Project Category: Biological and Life Sciences  

Gene expression profile of the pheromone-related genes in the soybean looper, chrysodeixis includens  
The soybean looper, Chrysodeixis includens, is a significant agricultural pest in the southern United States, most 
renowned for causing extensive foliar damage to soybean plants and notable damage to other economically 
important crops such as corn, cotton, and sweet potato. Farmers have attempted to control this pest through the use 
of pesticide application. However, the soybean looper has become resistant to many of the pesticides available on the 
market today. Pheromone trapping can be an alternative method of combating this pest  to monitor the seasonal 
occurrence of the population in a species-specific way. This method involves the utilization of synthetic sex 
pheromones that mimic those naturally released by females to lure males into the traps in the field. These sex 
pheromones have been extensively studied in other moths such as the corn earworm, Helicoverpa zea, and were 
found to be regulated by two genes, the Pheromone Biosynthesis Activating Neuropeptide (PBAN) and its 
corresponding receptor (PBAN receptor). These two genes play key roles in the sex pheromone production and its 
releasing mechanism. Since pheromone trapping is a key component in the management of soybean loopers, it is 
essential to examine the PBAN and PBAN receptor genes in detail. In this study, the PBAN and PBAN receptor genes 
were sequenced, and their expression patterns were analyzed. Understanding the sex pheromone and how it is being 
regulated in soybean loopers may offer insight into pheromone production and lead to improved pest management 
strategies.  
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11.  
Name: Crocker, Ryleigh  
Major: Cyber Security & Operations - Bachelor of Science  
Faculty Research Mentor: Charan Gudla, Computer Science and Engineering 
Co-Author(s): Jordan Davis  
Funding: NSF REU: Emerging Technologies in Cybersecurity  
Project Category: Engineering  

Quality of Service in Moving Target Defense  
Moving Target Defense (MTD) is a cybersecurity approach that improves system resilience by dynamically altering 
aspects of the system such as virtual IP addresses (vIPs), port numbers, or routing paths. While MTD is effective in 
decreasing attackers' ability to complete successful reconnaissance, it lacks in Quality of Service (QoS), particularly in 
disrupting UDP/TCP sessions. This is particularly detrimental for long-lasting connections, such as online services, 
industrial control systems, and cloud applications. Our research explores two different methods for enhancing session 
continuity while maintaining the benefits of MTD. The first algorithm focuses on session-aware vIP persistence, which 
is responsible for performing intelligent IP mutation while maintaining active session continuity. It inspects the list of 
active flows during a mutation cycle, and if a host is actively communicating, it does not get mutated. Idle hosts, 
however, receive new vIPs from a pool of currently unused vIPs. The second algorithm, graceful vIP release, 
introduces a grace period in which old and new vIPs can coexist. This allows sessions with old vIPs to conclude 
naturally while new sessions start with the new vIP. Once all session using the old vIPs expire, the old vIP is added 
back to the available vIPs pool, and the NAT mapping is removed. Together, these two approaches enhance the 
reliability of MTD, ensuring both network security and Quality of Service.   
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72. 
Name: Culwell, Julius 
Major: Ag Educ., Leadership & Comm - Bachelor of Science  
Faculty Research Mentor: Molly Nicodemus, Animal & Dairy Science  
Co-Author(s): Shelby DeMorato, Ashley Glenn, Holly Evans, Toree Williams 
Funding: ORED Undergraduate Research Program  
Project Category: Biological and Life Sciences  

Breed-Specific Predisposition to Equine Recurrent Uveitis Within an Academic Institution Multi-Breed 
Teaching Herd  
Equine Recurrent Uveitis (ERU), an immune-mediated disease and the leading cause of blindness, affects up to 25% of 
the equine population. ERU has a well-established genetic predisposition in select horse breeds, however, research 
targeting a multi-breed population is limited. Therefore, the objective of the study was to investigate the prevalence 
of ERU across various horse breeds to examine the potential genetic predisposition within a population representing 
multiple breeds. The study looked at medical records of horses managed at the Mississippi Agricultural and Forestry 
Experiment Station Horse Unit. The facility managed annually between 70-80 horses with a total of 24 horses that 
included seven horse breeds treated for eye issues between 2003-2024, and of those, 19 horses were treated for eye 
conditions related to ERU. From the 19 identified, 4 were diagnosed with ERU after initial treatment. Breeds treated 
for either ERU or related conditions included Quarter Horse (47.4%), Paint (15.8%), Thoroughbred (15.8%), Appaloosa 
(10.5%), and other breeds (Arabian 5.3%, Pony 5.3%). Quarter Horses were disproportionately represented among the 
cases, indicating a potential genetic predisposition. Paints, Thoroughbreds, and Appaloosas were underrepresented; 
however, these breeds often share bloodlines with Quarter Horses, which may contribute to potential susceptibility to 
ERU, pending further pedigree analysis. The findings of this study highlight the essential role of preventative 
ophthalmic monitoring along with breed-specific genetic investigations in protecting ocular health across diverse 
equine populations. This study represents a foundation for advancement in understanding ERU across a broader 
spectrum of the population. While genetic studies have identified the LP allele as a risk factor for ERU in Appaloosas, 
studies identifying genomic loci and associated genetic testing specific to ERU in Quarter Horses are lacking. 
Understanding the genotype associated with this heritable disorder across different breeds will facilitate the 
application of genomic marker selection, reducing the incidences of ERU.  
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73.  
Name: Dalton, Dennis  
Major: Forestry - Bachelor of Science  
Faculty Research Mentor: Adam Polinko, FWRC - Forestry  
Co-Author(s): Brian Lockhart  
Funding: NSF REU: Forestry  
Project Category: Biological and Life Sciences  
  
Projected and Observed Structural Changes in Managed Bottomland Hardwood Forests of the Lower 
Mississippi Alluvial Valley.  
Bottomland hardwood forests historically dominated the Mississippi Alluvial Valley, as well as the surrounding minor 
bottoms. However, land-type conversion to agriculture and few economic incentives to sustain and reestablish such 
forests have resulted in a major reduction in bottomland hardwood forests across this landscape. The lower economic 
importance of these forests also coincides with limited availability of mixed-species growth and yield models, which 
are increasingly being used for carbon market projections. The goal of this study is to evaluate the long-term changes 
in stand structure and growth and yield in bottomland hardwood forests. Specifically, we will use a 50-year 
permanent inventory dataset to 1) evaluate recorded changes in stand structure and species composition across a 
range of sites in the lower Mississippi Alluvial Valley and 2) analyze the accuracy of long-term, mixed-species stand 
projections using the Forest Vegetation Simulator (FVS).  We will present the results and discuss management 
implications, stand development patterns, and model performance for this unique forest type.  
 
 
51. 
Name: Dance, Sevita 
Major: Food Sc Nutr. Health Prom (UG) - Bachelor of Science  
University: California State Polytechnic University of Pomona  
Faculty Research Mentor: Richard Baird, Agricultural Science & Plant Protec  
Co-Author(s): Hannah Purcha  
Funding: NSF REU Award #2150130 – Environmental Focus in Food, Energy, and Water Security 
Project Category: Physical Sciences  
  
Analyzing the Soil Metabolomic Profiles Associated with Agrivoltaics   
Soil quality and optimization of land utilization are two of the most pressing issues within the agricultural industry. 
Repetitive farming of the same plots of land depletes the soil of key nutrients without replacement, inevitably leading 
to inadequate conditions for not only crops but also the microbial communities within the soil. The emergent field of 
agrivoltaics seeks to optimize land usage, as prime land for photovoltaic installations is often ideal for agricultural 
production as well. However, research investigating the impact of these solar panels on the microbial communities 
beneath them is currently lacking. To evaluate this matter, soil samples were taken from a system of vegetated 
grasslands with targeted sheep grazing containing plots of solar panels. There were three treatment groups: two 
control plots (no solar panels)—one with and one without sheep grazing—and plots with solar panels and grazing. 
Soil was taken from underneath the solar panel I-beam, at its midpoint, dripline, and between panels. Evaluation of 
the metabolomic profiles of these soil samples was conducted to evaluate the impact of solar panels on the microbial 
communities beneath them.  
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74.  
Name: Dao, Thanh Tien  
Major: Biological Sciences - Bachelor of Science  
University: Stephen F. Austin State University  
Faculty Research Mentor: Steven Gwaltney, Chemistry 
Co-Author(s): Bidisha Sengupta  
Funding: NSF REU: DMR-2348712  
Project Category: Biological and Life Sciences  

Virtual screening of peptides that can prevent insulin aggregation  
Diabetes is a growing health concern, with almost 3% of the population of the United States using insulin injections 
to control blood sugar levels. Insulin is prone to aggregation during storage and injection. The toxic products of 
aggregation can cause an increase in the required dosage to achieve the desired therapeutic effect. The driving 
intermediate of aggregation is believed to be a partially folded insulin, derived from the insulin monomer. We 
hypothesize that stabilizing the insulin monomer with a peptide may prevent this unfolding process and subsequent 
aggregation. However, the space of all possible peptides is impossibly large to study systematically. Therefore, we 
have generated a set of 2,000 randomly chosen 20-mer peptides. We have generated 3D structures of the proposed 
peptide sequence using AlphaFold 2 and have utilized the peptide-protein docking software Autodock CrankPep 
(ADCP) to determine how each peptide binds to the insulin monomer. Our results show that different peptides have 
drastically different binding geometries and binding energies.  The next step will be to use the results of the docking 
studies to train a neural network that can predict the binding of any peptide sequence to the insulin monomer. 
Additionally, molecular dynamics simulations will be run on promising sequences, to identify short peptides that can 
prevent insulin aggregation.  
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Name: Dawe, Jeremy 
Major: Data Science - Bachelor of Science  
Faculty Research Mentor: Justin Thornton, Biological Sciences  
Co-Author(s): Kori Brawner, Yuri Laguna Terai, Jason Rosch, Keun Seok Seo 
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Investigating the Role of Streptococcus pneumoniae Two-component Systems in Resistance to Fosfomycin.  
Antimicrobial resistance is a global public health threat resulting in over one million deaths worldwide each year and 
annual treatment costs exceeding $4B in the United States alone. The decline in discovery and production of new 
antimicrobial compounds, combined with the horizontal transfer of resistance genes, is eroding our ability to treat 
both minor and invasive infections. Our lab studies the bacterium Streptococcus pneumoniae (pneumococcus), a 
colonizer of the human nasopharynx capable of causing both minor infections, such as otitis media, as well as invasive 
infections, including bacteremia and meningitis. As in many other pathogens, antibiotic resistance is increasing in 
pneumococcus. We previously identified that a peptide transport operon (AmiACDEF) plays a role in sensitivity to 
fosfomycin and that mutants lacking this operon are significantly more resistant. We next sought to evaluate whether 
two-component systems (TCS), which typically facilitate environmental sensing in microorganisms (Gomez-Meija, 
2017), also play a role in fosfomycin sensitivity. Two-component regulatory systems consist of a histidine kinase and a 
cognate response regulator, functioning through the phosphorylation of the response regulator. Using isogenic 
mutants lacking the histidine kinase of the individual TCS’s, we identified several mutants to be significantly more 
resistant to fosfomycin than the wild-type TIGR4 strain. Specifically, mutants ΔSP_0084 and ΔSP_0527 lacking the 
TCS08 and TCS13 functionality, respectively, were highly resistant to fosfomycin. However, strain-dependent effects 
were seen as mutants lacking these systems in the S. pneumoniae D39 strain demonstrated lesser resistance than 
TIGR4. Together, these results implicate both TCS and peptide transport machinery in modulating fosfomycin 
sensitivity in S. pneumoniae and suggest that targeting these systems could improve the efficacy of existing 
treatments.   
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Name: Dhakal, Abhinav  
Major: Computer Engineering - Bachelor of Science  
Faculty Research Mentor: Rizwan Farooqui, Building Construction Science  
Co-Author(s): Asad Malik  
Project Category: Engineering  
  
Wrist-Worn Wearable for Real-Time Stress and Fatigue Monitoring in Construction Workers  
Construction workers face significant risk of stress and fatigue due to their work in a physically demanding and high 
pressure environment. The 2017 National Safety Council report Fatigue in Safety-Critical Industries: Impact, Risks & 
Recommendations found that all surveyed construction workers experienced at least one fatigue risk factor, 
including 46% working high-risk hours and 77% performing physically demanding jobs. While wearable technologies 
available in the current market can track physiological signs of stress, most rely on closed, cloud-based systems that 
limit access to real-time local data. To address this, we are developing a wearable that sends real-time physiological 
data to a local system without relying on cloud services. The device is worn on the wrist and integrates a low powered 
nRF52840 microcontroller with dual I2C buses to interface an I2C photoplethysmography (PPG) sensor (heart rate, 
SpO₂), an I2C infrared thermometer (skin temperature), and a 6-axis IMU (accelerometer and gyroscope) included in 
the microcontroller for motion tracking. Additionally, we are evaluating an electrodermal activity (EDA) sensor to 
detect stress through changes in skin conductance. These sensors monitor key indicators of physical and mental 
stress, as well as fatigue. The device will then send its sensor data over Bluetooth Low Energy (BLE) to a nearby local 
system. To date, we have selected low-power sensors and designed a custom PCB for them. In the future, we will 
assemble all the components into a small, 3D-printed case with wristbands and conduct field testing. The 
development of this device will facilitate further research using machine learning and predictive analytics models to 
predict stress and fatigue more accurately through real-time data. This capability will contribute to improving 
construction worker safety and health.  
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Development of an Low-Power Alpha Wearable Prototype for Ear-Based Temperature Monitoring to prevent 
Heat Injuries in Industrial Settings.  
Working in high-temperature, physically demanding environments for long shifts puts industrial workers at a constant 
risk of heat-related illnesses. According to OSHA, about 30,000 heat-related illnesses and 100 heat-related deaths 
happen each year in the United States among workers exposed to high temperatures (OSHA, 2023). Many current 
solutions for monitoring core body temperature are often too large, interfere with the Personal Protective Equipment 
(PPE), or cannot deliver data in real time. To tackle these issues, we have built a compact, low-power wearable device 
that continuously tracks core body temperature without disrupting workflow or protective equipment. A thermistor 
placed inside a noise-cancellation earplug collects the temperature data, while a custom PCB mounted on the 
hardhat handles processing and storage. Alongside temperature, the device logs environmental conditions such as 
heat, humidity, pressure, and gas presence using a BME680 sensor. The system logs data once per minute and stores 
it locally for the duration of a full 10-hour shift. Files can be transferred via USB-C through a custom UART protocol. 
Bluetooth Low Energy (BLE) is also supported, allowing users to configure and monitor several devices at once from 
any PC. A custom-built graphical user interface (GUI) was also developed, which offers file downloading and live 
device control. The device is optimized for reliable use in long shifts. Currently it has a current draw of 15 mA and 3.3 
volts. We are currently preparing for lab testing to confirm core-temperature accuracy, followed by field validation in 
real-world industrial settings. This prototype can be used in many high-heat environments, including emergency 
services, construction sites, and military operations to prevent heat-related illness.  



24 

14.  
Name: Dhakal, Sushant  
Major: Computer Engineering - Bachelor of Science  
Faculty Research Mentor: Hussein Gharakhani, Ag & Bio Engineering 
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A Rapid-Response Electromechanical Safety System to Disconnect Tractor’s Power Take-Off (PTO) Shafts from 
Implements  
The Power Take-Off (PTO) shaft is one of the most widely used features of Tractors to transfer power from a tractor to 
implements such as mowers, hay balers, etc. However, the PTO system is responsible for numerous injuries and 
fatalities each year due to the absence of accident detection and rapid-off mechanisms. This project introduces a 
rapid-response safety system to disconnect the PTO shaft from implements within milliseconds of detecting a 
potential accident. The solution integrates an electrically triggered stopper with a decoupling mechanism that can be 
inserted between the tractor and an implement. The subsystem includes a specially designed slanted interlocking 
teeth coupler that allows power transfer during normal operation. It also involves a passive disengagement via axial 
slip, allowing the PTO to continue rotating when the implement side is stopped, avoiding back-torque damage. A 
powerful spring-loaded stopper block is held in place by a nichrome wire, which can be melted with a high-current 
burst from a supercapacitor bank when it gets triggered by an accident detection signal. The electrical subsystem, 
controlled by an ESP32 microcontroller, manages supercapacitor charging and discharge logic using custom circuitry.  
 Preliminary tests confirm the system’s capability of rapidly shutting off the PTO power, demonstrating significant 
potential for reducing PTO-related injuries. This design offers a strong foundation for a modular, universal, 
retrofittable PTO safety solution that could have the potential of saving thousands of lives by mitigating the inherent 
dangers of PTO driven machinery.   

76.  
Name: Draper, Amonee  
Major: Animal and Dairy Science - Bachelor of Science  
Faculty Research Mentor: Brandi Karisch, Animal & Dairy Science 
Project Category: Biological and Life Sciences  

The Change in Fecal Egg Counts During the Periparturient Period of Cattle and Sheep  
This study investigated the change in fecal egg counts during the periparturient period of cattle and sheep. Parasitism 
has a significant impact on the health and productivity of both cattle and sheep, resulting in economic losses for 
livestock producers. Fecal samples were collected from 20 individual cattle and sheep every two weeks for the 
duration of 7 months. Samples were collected before, during, and after calving and lambing. The samples were FECRT 
tested in laboratories to determine what species and amount of each parasite were present. Results indicated that 
groups of animals on a scheduled deworming program have decreased parasitism loads than groups that are 
dewormed on an as-needed basis. Results also indicated that age and birth type have an effect on an animal's 
susceptibility to parasites. The implications of this study could be used to determine at what point of gestation cattle 
and sheep are more susceptible to parasites.   
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Dissecting Thermodynamics of Trp Binding to ThaL and Related Flavin Dependent Halogenases  
ThaL is a flavin-dependent halogenase, which catalyzes the regioselective chlorination of tryptophan (Trp). ThaL is a 
member of a family of proteins called flavin-dependent halogenases that hold the potential for the generation of 
halogenated aromatic compounds under sustainable conditions. The thermodynamics of substrate binding to the 
enzyme is highly dependent on intermolecular interactions that govern substrate affinity and selectivity but also give 
us clues to how other molecules might bind to the active site of ThaL. Here we report our highly interdisciplinary 
effort to combine biochemistry, molecular biology, and biophysics to address this complicated problem. Specifically, 
this project is focused on using biophysical techniques to assess binding thermodynamics of Trp and related 
substrates to ThaL, alongside structural modeling to correlate thermodynamic data with molecular interactions. This 
integrative analysis offers insights into the redesign of ThaL to more effectively halogenate aromatic target molecules 
that can provide feedstock chemicals for other biotechnological innovations.  

78.  
Name: Elmore, Reagan T  
Major: Biochemistry - Bachelor of Science  
Faculty Research Mentor: Galen Collins, Biochemistry Nutrition Health Promo 
Funding: College of Agriculture and Life Sciences URSP  
Project Category: Biological and Life Sciences  

Does Activation of Proteasomes Restore Viability in Proteasome Mutations Associated with 
Neurodevelopmental Disorders?  
The Ubiquitin Proteasome Pathway (UPP) is a major cellular process responsible for the efficient degradation of most 
intracellular proteins. The pathway catalyzes the selective degradation of misfolded or mutant proteins using a large 
protein complex called the 26S proteasome. Several mutations within the ubiquitin-proteasome pathway are 
associated with neurodevelopmental disorders. A recurrent missense mutation in the proteasomal ATPase PSMC5 
(P320R) has been identified in multiple unrelated children with developmental delays and autistic behaviors. This 
dysfunction is likely due to a reduction in proteasome activity caused by weakening the connection between the 19S 
regulatory particle and the 20S core particle. On the other hand, activators of proteasome are of interest in 
neurodegenerative research. In this study, we sought to test whether these proteasome-activating pathways, such as 
Protein Kinase A (PKA) and Protein Kinase G (PKG) signaling, can improve viability in neuroblastoma cells with the 
PSMC5 P320R mutation. The mutant cell lines will be treated with different concentrations of rolipram (PKA activator) 
and sildenafil (PKG activator) and viability will be measured using resazurin assays. This study will also focus on 
whether observed increases in cell viability are correlated with proteasome activation by comparing wild-type cells 
versus mutant cell lines. Additionally, metabolic activity will be measured in neuroblastoma cells overexpressing 
wildtype PSMC5 to test whether the addition of another working copy of the PSMC5 gene can override the effects of 
the mutation, helping to restore proper proteasome function. These experiments aim to investigate the impact of the  
P320R mutation and find potential strategies for proteasome-targeted intervention in neurodevelopmental disorders. 
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Uncovering the Hidden History of the Dunn-Seiler Museum, Mississippi State University  
This research investigated the history and origins of the Dunn-Seiler Museum on the Mississippi State University 
(MSU) campus. The project explored how the Dunn-Seiler, a geology museum located in Hilbun Hall was created and 
evolved. The culminating goal of the research is the creation of a display to communicate this history to the public 
and effectively preserve the museum’s story. A Mississippi State University Libraries’ Special Collection, the Paul and  
Florence Dunn Family Papers, served as primary source material for the purpose of understanding Dr. Paul Heaney 
Dunn (1895-1967) and Mr. Franklin “Skippy” Carl Seiler (1916-1945), whose names are commemorated by the 
museum. Dr. Dunn was head of the MSU Geology and Geography Department from 1934 to 1962, while Mr. Seiler 
worked alongside him as an assistant professor. This archival work brought to light the early beginnings of the 
museum, Dr. Dunn’s impact as a department head, and the lasting effects of World War II on the Geology and 
Geography Department. Objects, pictures, and quotes identified in the research will create the display to effectively 
showcase this almost forgotten history. Labels and text that accurately describe and explain while meaningfully 
preserving this story will accompany said objects. In this way, the contributions of Dr. Dunn and Mr. Seiler will not be 
forgotten, and the exhibit will serve to connect the few remaining individuals who may have known them, while also 
educating the greater MSU-Starkville community on their contributions to the development and evolution of the 
museum.  
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Artificial Intelligence-Driven Pest Classification: Using Supervised Machine Learning to Identify Bark Beetle 
Infestations  
Bark beetles cause significant ecological and economic damage to trees in the Southeastern United States. Timely 
detection and accurate classification of infestations can be critical for both economic and environmental 
considerations. However, manual field identification can be quite expensive, time-consuming, and prone to human 
error. There is an urgent need to develop an easy-to-use tool for foresters to accurately identify bark beetle species, 
allowing for proper treatment to be implemented and efficient infestation control, thereby reducing the loss. The 
objective of this project is to develop a new machine-learning-driven approach to assist foresters in the identification 
of different types of bark beetle infestations. By leveraging the gallery pictures under the bark, the algorithm can 
automatically classify the bark beetle species that causes the specific infestation. We focus on the six most common 
species in the Southeastern region of the US, i.e., Southern Pine Beetle, Eastern Fivespined IPS, Black Turpentine 
Beetle, Emerald Ash Borer, Sixspined IPS, and the Small Southern Pine Engraver. Our dataset includes different species 
sourced from www.bugwood.com, a research website by the University of Georgia. The images are pre-processed 
using python, and subsequently, multiple supervised machine learning models are trained and assessed using an 
independent testing dataset. Our results can facilitate the development of a field-ready tool aimed at improving the 
management of bark beetle infestations and enabling more timely responses for forestry professionals.    

79. 
Name: Foxworth, Zaria  
University: Pearl River Community College  
Faculty Research Mentor: Galen Collins, Biochemistry Nutrition Health Promo 
Funding: Mississippi INBRE Research Scholars  
Project Category: Biological and Life Sciences  

Using 3-Methylhistidine To Measure Protein Breakdown Rates in Chicken Muscle.   
A key goal for poultry production is to increase muscle mass without relying on chronic antibiotic use. However, 
without antibiotics, subclinical infections may lead to increased protein degradation in muscle. We used 
3methylhistine (3-MH) extracted from chicken fecal samples, as a biomarker released during muscle protein 
breakdown. Fecal samples were collected from chickens with different levels of subclinical bacterial infections. Amino 
acids were extracted with acid precipitation of larger proteins and organic-aqueous phase separation. We used  
reverse-phase chromatography after fluorescence labeling of the amino acids to quantify 3-MH levels in each sample. 
High muscle breakdown can impact the development of large, high quality muscles in chickens. Our goal is to help 
producers raise poultry with improved muscle growth and enhanced meat quality, while reducing unnecessary 
antibiotic use.   
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Evaluation of Knowledge Gained Through Caregiving Training for Mississippi Caregivers  
There are currently over 4,000 children in the care of the Mississippi Department of Child Protective Services (CPS; 
Canopy Children’s Solutions, 2025). In foster care, reunification between the biological family and their child is a goal, 
but safety, both physical and psychological, is needed before reunification can occur (Children’s Bureau, 2025).  
Judges often order system-involved parents to participate in parent education, and parent education is mandated by 
federal law for foster families (Chamberlain et al., 2008). Trauma-Informed Parenting and Professional Strategies 
(TIPPS), an Extension program through Mississippi State University (MSU), offers parent education to meet this critical 
need. This study aims to examine the effectiveness of using Trust-Based Relational Intervention (TBRI) principles to 
enhance positive parenting knowledge, particularly as it relates to children who have been traumaexposed. TBRI is a 
holistic, multidisciplinary, research-based approach to healing that focuses on the impact of relational trauma on the 
brain and body (Purvis et al. 2013). Participants (N = 188) completed six hours of TBRI training, immediately followed 
by a retrospective post survey evaluating their knowledge change in eight key components of the training: (1) the 
attachment cycle, (2) understanding the role of parents’ childhood experiences in parenting, (3) using play to disarm 
fear, (4) seeing the unmet needs behind the behavior, (5) recognizing the link between sensory needs and behavior, 
(6) delineating the role of the environment on behavior, (7) promoting positive parenting practices, and
(8)responding to challenging behavior (e.g., “I increased my knowledge of... the attachment cycle”).  Participants were
asked to respond to each statement using a 5-point Likert scale (i.e., Strongly Disagree-1 to Strongly Agree-5), with
higher scores reflective of greater learning. Data revealed that participants agreed or strongly agreed that they
gained knowledge within each of the eight topic areas, suggesting the TBRI caregiver training is effective in
promoting positive knowledge change. Variations in knowledge change across the eight topics will be discussed, and
data will be used to guide future programming iterations.
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Mapping the water striders (Hemiptera, Gerridae) of Mississippi  
Mississippi is a state with high biodiversity due to its varied geography. From the pine forests to coastal plains, the  
Mississippi Delta, and the Black Belt Prairie, there is no shortage of ecosystems for insects to thrive in. Water striders  
(Hemiptera: Gerridae) are found throughout these systems, anywhere standing water is present Gerridae act as water 
quality indicators. They sit on top and feed on smaller invertebrates trapped in the surface tension. When a system is 
unable to support their prey, striders will disappear. Despite their ecological importance, little work has been done on 
Gerridae. Driven by a donation to the Mississippi Entomological Museum, we seek to describe the diversity of 
Gerridae in Mississippi with fresh collections and digitization of museum specimens. So far, roughly 250 specimens 
have been digitized. While this is less than 10% of the available material, this effort is ongoing. Digitizing large 
collections helps modernize historical information, increasing availability to scientists and the public, as well as 
transforming data into a digital resource for biogeographic surveys. As a result of this effort, we have a growing list of 
Gerridae and their localities. We summarized these data into a map and found odd discrepancies in predicted 
occurrences that show possibly misplaced species or unexplored habitats, such as Trepobates floridensis, which has 
only a single documented specimen from Biloxi, Mississippi. Future data from field work will determine whether this 
species is established in Mississippi or was brought here by accident and provide a clearer picture of what Gerridae 
communities are still thriving, and which may require conservation. Digitization allows us to step through time and 
understand changing distributions otherwise inaccessible to modern man. In addition, further field collecting will 
establish what is currently in the state. Combined, we will publish an annotated checklist for the family. 
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Edge Effects of Forest Roads on Wild Bee Communities in Upland Hardwood Forests  
Biodiversity within bee communities is integral to the health of a forest ecosystem. To correctly manage these 
communities, it is important to understand how their species compositions are affected by forest edges. Limited 
research has been conducted on bee communities along forest roads, especially in upland hardwood forests, which 
tend to foster very diverse native bee communities. The focus of this study is to explore the edge effects of forest 
roads on bee communities in upland hardwood forests within western Georgia. The study’s secondary focus is to 
compare the study site’s current species composition to its composition in 2018. We hypothesize that the species 
composition in bee communities inhabiting the forest edge will differ from that of communities inhabiting the forest 
interior. Bee specimens were collected in mid-April. A total of four plots were constructed. Within these plots, pan 
traps were placed in groups of three and referred to as trapping units. Within each plot, a trapping unit was placed 0, 
20, and 40 meters from the edge, on either side of the road. The traps were filled with soap and water and remained 
for nine days. During this time, they were emptied for specimen collection and refilled every three days. The 
specimens were then identified to the species level. Notably, the presence of individuals within the genus Nomada, a 
common cleptoparasite, has been frequent in the early stages of the identification process. There are significantly 
more Nomada individuals in this year’s study (2025) than there were in the previous study (2018). The presence of 
this genus is indicative of a healthy and diverse wild bee community. These individuals can survive only when they 
have an abundance of other bees’ nests in which to lay their eggs, and are generally only found in areas where wild 
bee populations are thriving.   

106.  
Name: Garland, Evelyn  
Major: Special Education - Bachelor of Science  
Faculty Research Mentor: Breana Jamison, TeacherEd&Leadership (TEAL) 
Project Category: Education  

Middle School Math: Supporting Executive Functioning through Evidence-Based Practices   
Learn how to support all learners with executive dysfunction and cognitive overload in mathematics with this session 
on evidence-based practices that can be implemented within a Universal Design for Learning framework (UDL). Three 
evidence-based practices (Concrete-Representational-Abstract, Montague’s Intervention, and Advance Organizer) 
that scaffold the student transition from more concrete to more abstract thinking will be shared.    
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Development of a Kartogenin-Releasing Electrospun Scaffold to Augment Bone Marrow Stimulation In 
orthopedics, a marrow stimulation procedure is designed to bring mesenchymal stem cells (MSCs) from the bone 
marrow into an articular cartilage defect, where they reliably form fibrocartilage. Unfortunately, fibrocartilage is 
mechanically inferior to healthy hyaline found in a joint, and fibrocartilage has limited durability.  Kartogenin is a small 
molecule that selectively differentiates MSCs into chondrocytes that produce hyaline cartilage-like ECM.  The purpose 
of this study was to develop an electrospun cell scaffold capable of sustaining kartogenin release for at least 14 days.  
The first objective was to produce a suitable cell scaffold with pores large enough to facilitate cell penetration. 
Scaffolds were electrospun from blends of polycapralactone (PCL) and poly(lactic-co-glycolic acid) (PLGA), and also 
from poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV).  They were imaged using scanning electron microscopy 
(SEM), and scaffolds containing PHBV were observed to contain the largest fibers and pores.  However, kartogenin 
released from PHBV quite rapidly.  PHBV was blended with PCL and PLGA, but none of the blends sustained 
kartogenin release for more than a few days.  We are currently investigating the effect adding chitosan to  
PHBV.  PHBV/chitosan was successfully electrospun, and experiments to image the scaffold and quantify kartogenin 
release are in progress.  Finally, we explored the possibility of incorporating chemotactic nanoparticles into an 
electrospun scaffold.  Polylysine-heparin nanoparticles should be able to bind platelet-derived growth factor, a 
chemoattractant for MSCS. Polylysine-heparin nanoparticle (~200 nm by DLS) were mixed into an electrospinning 
solution that produced a fibrous scaffold.  We expect to be able to visualize the incorporated nanoparticles using 
SEM.  In summary, we found that electrospinning PHBV produces scaffolds with desirably large fibers, and we are 
hopeful that an additional component can be found to increase the duration of kartogenin release.  We also showed 
proof-of-concept for an electrospun scaffold containing growth factor-laden nanoparticles.  
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Fabrication of Mn3O4-Modified Douglas Fir Biochar for Arsenic(III) Oxidation and Adsorption  
Human exposure to arsenic contaminated water can cause cancer, neurological disorders, cardiovascular disease, and 
other negative health outcomes, making its remediation extremely critical. Aqueous arsenic is most commonly 
present as arsenite, As(III), and arsenate, As(V), where negatively charged As(V) is less toxic and easier to remove than 
neutral As(III). Manganese oxides are capable of oxidizing and adsorbing arsenic from solution, and their capacities 
are dependent on phase and oxidation state. Synthesis conditions of the phases hausmannite (Mn3O4), feitknechtite 
(β-MnOOH), and hydrohausmannite (mixture of Mn3O4 and β-MnOOH) were investigated by varying speed of 
precipitation and extent of oxidation (using O2 or H2O2). Slow precipitation of Mn(II) to pyrochroite (Mn(OH)2) 
followed by either O2 or H2O2 oxidation resulted in formation of β-MnOOH only. In contrast, fast precipitation and O2 

oxidation led to formation of thermodynamically favorable Mn3O4 with a surface area (SA) of 30.994 m2/g and pore 
volume of 0.008 cm3/g. Use of a stronger oxidant (H2O2) resulted in β-MnOOH formation with a SA of 43.217 m2/g 
and pore volume of 0.013 cm3/g. When precipitated onto the surface of Douglas Fir Biochar (DFBC), O2 oxidized fast 
precipitation of Mn(II) produced Mn3O4, while H2O2 oxidation allowed for formation of Mn3O4/β-MnOOH mixture. The 
adsorption capacity of As(III) was 7.32 mg/g for Mn3O4-BC and 9.04 mg/g for Mn3O4/β-MnOOH-BC from a 100 mg/L 
As(III) solution. XPS analysis confirmed oxidation of As(III) to As(V). Higher Mn oxidation states increased adsorption 
capacity of As(III) by more readily oxidizing As(III) to As(V).   
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17.  
Name: Ghimire, Bikal  
Major: Mechanical Engineering - Bachelor of Science  
Faculty Research Mentor: Yunsang Kim, FWRC-Sustainable Bioproducts 
Co-Author(s): Dikshya Pokhrel  

Funding: USDA REEU  

Project Category: Engineering  

Nanocellulose-Based High Internal Phase Pickering Emulsions for Direct Ink Writing 3D Printing  
Creating stable, 3D-printable bioinks is a major challenge in developing bio-based materials and products through 
additive manufacturing. Key applications include tissue engineering scaffolds, functional foams, biodegradable 
packaging, and other functional biomaterials. This research focuses on developing nanocellulose-based oil-in-water 
(O/W) high internal phase Pickering emulsions (HIPPEs) as 3D-printable bioinks for direct ink writing (DIW). 
Nanocellulose-based O/W emulsions were prepared by ultrasonicating a mixture of aqueous TEMPO 
(2,2,6,6tetramethylpiperidine-1-oxyl radical)-oxidized CNF (TNCF) solution and oil, followed by centrifugation to 
accelerate emulsion separation and achieve HIPPE formation. Among various model oils evaluated, n-hexadecane was 
identified as the most suitable for formulating TCNF-based O/W HIPPEs based on its viscosity and printability. DIW 
was performed using a nozzle with an internal diameter of approximately 1 mm, at a printing speed of 10 mm/s and 
extrusion pressure of 0.02 MPa. Structures of 10 x 10 mm2 and 20 x 20 mm2 were printed with 1 mm layer height in 3, 
5, and 9 layers. The 3D printing parameters included 1 mm line thickness and 100% infill density without horizontal 
expansion. The 3D-printed structures maintained their shape without visible oil leakage for about two hours under 
ambient conditions. Post-treatment with CaCl2 as a crosslinking agent further enhanced the structural stability of the 
printed structures. This work contributes to advancing sustainable materials development by combining 3D printing 
and stabilization of bio-based emulsions, with potential applications in tissue engineering and environmentally 
friendly manufacturing.    
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Name: Gibbs, Tariq 
Major: Chemical Engineering - Bachelor of Science  
University: SUNY College of Environmental Science and Forestry  
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Chitosan Encapsulated Cymbopogon Citratus Essential Oil: Novel Application of Nanomaterials in Wood 
Preservation  
Conventional Wood preservatives, often derived from fossil fuel byproducts, have toxic and effects on human health 
and the environment. These effects, along with increased concerns about sustainable construction, have raised 
demand for eco-friendly wood preservatives. Plant extracts such as Cymbopogon Citratus (Lemongrass) essential oil 
(LGEO) offer potent antifungal and termiticidal properties, but practical application is limited by low aqueous 
solubility and susceptibility to environmental degradation. Nanoencapsulation in Chitosan addresses LEGO’s 
sensitivity, enhances wood-protecting properties, and maintains overall non-toxic and sustainable characteristics. NPs 
were synthesized using an adapted two-step emulsion-ionic gelation method, using sodium tripolyphosphate (TPP) 
and Tween 80 as crosslinker and surfactant respectively. Successful encapsulation was confirmed by Fourier 
Transformation Infrared spectroscopy (FTIR). Encapsulation Efficiency (EE%), determined by Ultraviolet-Visible  
Spectrophotometry (UV-Vis), was found to decrease as EO:CS ratio increased, ranging from 38%-77%. Thermal  
Gravimetric Analysis (TGA) was used to assess thermal stability, and morphology will be derived from Scanning 
Electron Microscopy (SEM) and Dynamic light scattering (DLS) results. Zeta potential, Particle size, polydispersity, in 
vitro release, termite fatality, and fungal inhibition will be determined as well in further characterization. These initial 
encapsulation results hold promise for incorporation into sustainable wood protection systems that aim to reduce the 
use of chemical preservatives while maintaining resistance to termite and fungal decay.  
 



35 

23.  
Name: Gines, Dash  
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Wheat Straw: Transforming Agricultural Waste into Structural Products   
Wheat is one of the world’s staple crops, serving as a critical source of food for people across the globe. With annual 
production reaching millions of tons to supply nutrition, wheat also produces approximately an equal amount of 
agricultural waste in the form of wheat straw (Triticum aestivum). While wheat straw is currently used in low-value 
applications such as animal bedding, feed, and mulch, this study aims to develop a high-value market by converting 
wheat straw into structural panels for the building industry. Wheat straws were cut into 3- to 4-inch pieces, sprayed 
with pMDI resin, and hot-pressed to produce flat panels of various compositions. To better understand the structural 
performance of wheat straw-based panels, additional panels were fabricated using commercial wood strands: one 
made entirely of wood strands, one with a mixture of wood strands and wheat straw, and another with wood strands 
in the outer layers and wheat straw in the mid-layer. Following ASTM D1037, specimens were cut from these panels 
and evaluated using the bending, internal bond, water absorption, and thickness swelling tests. The findings were 
promising and support the use of wheat straw in the production of structural panels. This repurposing can prevent 
resource depletion and environmental impact by reducing the usage of forest products and extending support with 
agricultural waste products.   

18. 
Name: Giri, Niranjan 
Major: Computer Engineering - Bachelor of Science  
Faculty Research Mentor: RIZWAN Farooqui, Building Construction Science 
Project Category: Engineering  

Integration of Multiple Automated Robots in Building Construction Safety   
The dynamic and hazardous nature of modern construction environments poses significant challenges to worker 
safety, with risks stemming from heavy machinery, unstable structures, and human error. To address these challenges, 
this research develops a simulation framework for a multi-robot system; to monitor how safe the building 
construction scenario will be when robots are involved. The framework leverages the Robot Operating System 2 
(ROS2) and the Navigation2 stack to model autonomous robots, including quadruped "robo-dogs," equipped with 3D 
LiDAR and depth-sensing cameras for robust environmental perception. Additionally, the system integrates YOLO 
object detection algorithms to enhance real-time obstacle and hazard identification. Within the simulated 
environment, which replicates a realistic construction site in Gazebo, each robot, is assigned specialized tasks such as 
detecting structural instabilities, monitoring unauthorized zone entries, and analyzing worker postures to identify 
fatigue or ergonomic risks. The methodology employs ROS2 for seamless inter-robot communication and task 
coordination, Navigation2 for precise path planning and dynamic obstacle avoidance, and YOLO for accurate 
detection of objects and hazards, and SLAM techniques for creating map on the fly. The primary contribution of this 
work is the development of a task-specific simulation framework that serves as a feasibility study for evaluating 
autonomous safety monitoring strategies, reducing the risks and costs associated with deploying physical robots. This 
simulation lays a critical foundation for future real-world deployment of autonomous safety agents, including 
quadruped robotic systems, in the construction industry, offering a scalable and adaptable approach to improving 
workplace safety.  
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Synthesis, Characterization, and Evaluation of Homogeneous and Heterogeneous Rh Catalysts for the 
Dehydrogenative Silylation (DHS) of Alkenes  
While the use of organo-metallic catalysts is often necessary to achieve difficult synthetic transformations, these 
catalysts typically contain precious metals and cannot easily be recycled, thus making their use expensive. Therefore, 
efforts have been made to discover more sustainable alternatives. For example, we designed and synthesized 
potential Rh(III) (Rh-1, Rh-3, and Rh-4) and Rh(I) (Rh-2) catalysts bearing poly-phosphine silane/germane ligands (L1 
and L2). Rh-1, which is an 18-electron, octahedral complex containing L1, hydride, and chloride ligands, was obtained 
via the oxidative addition of the Si-H bond in L1 and the coordination of its three P-atoms into a Rh(I) complex. Rh-1 
was reacted with MeMgBr to achieve complex Rh-2 via transmetallation followed by the reductive elimination of 
methane. Rh-2 is a 16-electron complex that only contains L1 as a tripodal ligand (κ4-SiPPP). Rh-3 and Rh-4 
complexes were obtained via the oxidative addition of Si-H and Ge-H bonds, from L1 and L2 respectively, into Rh(I) 
metal centers. The catalytic activity of those four complexes for the DHS of alkenes was tested with low to moderate 
conversions as measured by 1H NMR. On the other hand, when Rh-1 was grafted to a zirconium-based MOF, NU1000, 
to obtain [Rh]@NU-1000, the performance of this new material as a catalyst was successfully assessed in a 
heterogeneous phase, quantifying a good yield of the silylated styrene and its derivatives. Thus, the benefits of both 
homogeneous and heterogeneous catalysts can be reaped: homogeneous catalysts can be used to elucidate the 
reactivity and catalytic mechanism of these systems, while heterogeneous catalysts can be reused and recycled 
multiple times without significant losses to their activity or selectivity.    
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Computational study of low temperature dithiocarbamate decomposition with primary amine and butanethiol 
The decomposition of dithiocarbamates (DTC) in primary amines have been studied for many years, as DTC metal 
complexes have served as single source precursors for nanocrystal synthesis. The role of primary amines in DTC 
decomposition is well understood and oleylamine is used as solvent and reactant in the production of many sulfur 
containing nanocrystals. Recently, it has been observed experimentally that the decomposition temperatures for silver 
and bismuth DTC complexes in oleylamine are decreased when dodecanethiol (DDT) is present as an additional 
solvent. Lower decomposition temperatures present an opportunity for less energy intensive nanocrystal production 
and better size control of nanocrystal products. Herin, we present a preliminary density functional theory (DFT) study 
into the decomposition mechanism of silver(I) diethyldithiocarbamate and bismuth(III) diethyldithiocarbamate in the 
presence of butylamine and butanethiol. The role of the thiol as a proton source, displacing ligand, and proton 
transfer agent are considered. One-step concerted transition states and acid catalyzed decompositions routes of DTC 
on and off the metal centers are compared. Preliminary activation energies and potential energy diagrams are made 
for the reaction coordinate. Our hope is that the insights gained for this system may be applicable to a variety of 
dithiocarbamate systems in use today.  

19.  
Name: Gupta, Niraj  
Major: Computer Science - Bachelor of Science  
Faculty Research Mentor: Jason Street, FWRC-Sustainable Bioproducts  
Co-Author(s): Haifeng Wang, Prabin Budhathoki  
Funding: NSF REU: US Department of Agriculture National Institute of Food and Agriculture through the Research 
and Extension Experiences for Undergraduate  

Project Category: Engineering  

Deep Learning-Based Classification of Wood Chips by Species and Moisture Content  
Accurate classification of wood chips is critical in various industries such as pulp and paper manufacturing, bioenergy 
production, and engineered wood processing, where the type of wood and its moisture content significantly affect 
product quality and processing efficiency. Traditionally, these assessments rely on manual inspection or specialized 
sensors, which can be time-consuming and costly. This project investigates the use of deep learning as a scalable and 
cost-effective alternative for automated wood chip classification.  
Two primary classification tasks were explored: distinguishing Southern Yellow Pine (SYP) from Red Oak (RO) and 
identifying Dry versus Moist wood chips. Transfer learning with ResNet50 and Xception architectures was utilized to 
build robust convolutional neural networks (CNNs). The ResNet50-based model achieved a validation accuracy of 
99.69% and a test accuracy of 99.4% for the SYP vs RO classification, showcasing near-perfect generalization. For the 
Dry vs Moist classification, an Xception-based model, enhanced with L2 regularization and class balancing, reached a 
test accuracy of 70.2%, despite the inherently subtle visual differences. These results demonstrate the potential of 
pretrained models in industrial wood chip analysis. However, the performance gap in moisture classification indicates 
room for improvement. As future work, additional pretrained models such as EfficientNet, MobileNetV3, and 
DenseNet will be explored to determine which architecture best captures the nuanced features of moisture variation 
in wood. The goal is to build a reliable, fast, and scalable classification system that can be deployed in real-time 
industrial settings.  
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Dynamic genetic potential of rumen microbes in neurotransmitter production  
The gastrointestinal microbiota plays a critical role in regulating the gut–brain axis, in part through the production of 
neuroactive compounds. In our previous study, we detected multiple neurotransmitters, such as glutamate, 
gammaaminobutyric acid (GABA), and acetylcholine, in rumen fluid samples collected at various time points during in 
vitro culture. To investigate the abundance of microbial genes involved in neurotransmitter synthesis and their 
microbial hosts, we conducted long-read metagenomic sequencing of rumen fluid samples collected at 0 h, 4 h, 24 h, 
and 48 h using the MinION flow cell and GridION sequencer. The relative abundance of reads containing genes 
encoding key enzymes for glutamate synthesis and catabolism (glutamine synthetase, glutamate synthase, and 
glutamate dehydrogenase) remained stable, ranging from 0.74% to 0.89%. In contrast, the relative abundance of 
reads with genes encoding enzymes for GABA synthesis, such as glutamate decarboxylase and aldehyde 
dehydrogenase, increased approximately threefold at 24 h (0.177%) and 48 h (0.189%) compared to 0 h (0.059%) and 
4 h (0.066%). Additionally, relative abundance of reads containing genes involved in GABA catabolism showed a 
twofold increase at 24 h (0.018%) relative to 0 h (0.007%) and 4 h (0.009%), and a fivefold increase by 48 h (0.060%). 
In contrast, few reads were detected for genes involved in the synthesis of acetylcholine, serotonin, or dopamine. 
These findings align with our previous metabolomic data, which showed that glutamate and GABA concentrations 
were significantly higher than those of other neurotransmitters in rumen fluid. Notably, GABA levels increased from 0 
h to 24 h but declined by 48 h. We also identified the bacterial taxa harboring neurotransmitter synthesis genes. In 
summary, this study demonstrates the dynamic genetic potential of rumen microbes in neurotransmitter production 
and provides insights for developing microbiome-based strategies to regulate enteric and central nervous system 
function.  

56.  
Name: Hanegan, Spence  
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Efficient Image Denoising Models with Anderson Acceleration using Finite Difference Methods Current image 
denoising algorithms based on variational methods can suffer from slow convergence or no convergence due to 
high nonlinearity of the images. To speed up the convergence of denoising, we apply Anderson acceleration to the 
fixed-point image denoising problem. Anderson acceleration is an algorithmic method for reducing the number of 
fixed-point iterations necessary for convergence. It involves using weighted updates to each iteration based on the 
weighted residuals from past iterations, or history. By using finite difference methods, we can approximate the 
gradient and higher-order partial derivatives at points on the image. We then use these approximations to create 
matrix equations to solve for a denoised image. By iterating and applying Anderson Acceleration, we achieve a 
faster convergence of image denoising. This method is tested and compared to the fixed-point method and other 
conventional denoising methods using peak signal to noise ratio (PSNR).   
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Assessing Utility of Game Cameras to Remotely Detect Woodpecker Nest Fledging  
One of the most vital measurements to establish the sustainability of a bird species and the quality of their habitat is 
nest success. The best indicator of aforementioned nest success is the occurrence of a fledging event. These events 
have proven challenging to track, as nests are, by their nature, cryptic or inaccessible and the timing of fledging is 
unpredictable. This limits critical information necessary to support robust decision making in short rotation working 
forest systems that provide habitats for cavity nesting birds. The red-headed woodpecker (RHWO; Melanerpes 
erythrocephalus) is a state and regionally prioritized species known to excavate nests in a variety of forest systems. 
However, information regarding nesting success in commercially managed loblolly pine forests is very limited by a 
lack of relevant data. We assessed the utility of deploying game cameras near cavities to detect fledging events 
using RHWO as a model species. We conducted multiple controlled experiments in the 2025 breeding season to 
measure the optimal distances, angle, and position of the camera using artificial snags with active RHWO nests. 
Once optimized, we deployed game cameras on tracked RHWO nests in loblolly pine stands in Alabama and 
Mississippi to assess the ability to remotely detect fledging events. The data collected will be used to create an 
optimum nest monitoring method for RHWO, which will better inform known fate models of nest success. Our 
findings will also have wider application to assessing other species’ reproductive success rates. Improved 
understanding of woodpecker reproductive rates can also lead to more informed management recommendations, 
specifically pertaining to snag retention in working forest systems.  
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Characterizing Boundary Layer Behavior of Low Reynolds Number Propellers  
Low Reynolds number propellers operating in populated environments generate significant levels of unwanted noise. 
This acoustic output is closely tied to the behavior of the boundary layer of propeller blades. In this study, boundary 
layer characteristics of a low Reynolds number baseline UAV propeller are examined using oil flow visualization. These 
methods enable detailed evaluation of surface flow profiles, which are critical to understanding and mitigating noise 
generation while maintaining aerodynamic efficiency. Additionally, cost-effective additive manufacturing techniques 
were employed to fabricate and test the baseline propeller. The primary goal of this research was to assess the 
boundary layer behavior of the baseline propeller under clean and tripped surface conditions. Oil flow visualization 
was conducted by applying a motor dye and mineral oil mixture to the propeller, running the propeller to let the oil 
patterns settle, and capturing the boundary layer profile under UV illumination to reveal the flow regimes. The 
parametric study included running the baseline propeller for a specified range of RPMs to understand rotational rate 
effects on the boundary layer behavior in clean and tripped conditions. To artificially trip the boundary layer, narrow 
strips of tape were applied near the leading edge of the propeller blade. Propeller performance data (thrust and 
torque) was measured using a 6-axis force and torque sensor to allow correlation between the boundary layer 
behavior and propeller performance in clean and tripped conditions. Preliminary results showed that tripping the 
boundary layer significantly reduces flow separation on the blade surface. This translated to a decrease in propeller 
drag, and therefore torque, indicative of noise reduction while maintaining/improving aerodynamic efficiency. Future 
work will be focused on evaluating the effects of varying trip heights to optimize performance and noise metrics.  
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Investigating How Heat and Drought Stress Affects Soybean Growth Traits   
Soybeans are the most grown row crop in Mississippi and the second most grown crop in the United States. Abiotic 
stresses such as heat and drought are a major concern for soybean yield and quality and can alter soybean growth 
traits, especially when they occur simultaneously. The objective of this study was to compare how the growth traits of 
three soybean genotypes – Williams 82 (drought-tolerant), DT 97-4290 (heat-sensitive), and DS25-1 (heat-tolerant) – 
react to varying conditions of heat and drought. Soybeans were planted mid-April, and measurements of plant 
height, leaflet number, and canopy width were taken approximately every four days from June 12th through July 
22nd. Each genotype was subjected to heat (36°C), drought (50% evapotranspiration (ET) of control), combined heat 
and drought conditions, and there was also a control treatment at optimal conditions of 30°C and 100% ET. 
Preliminary results show that the combination of heat and drought stress reduced leaf number and canopy width and 
increased plant height greater than either individual stressor alone. However, there was a marginal difference 
between how the different genotypes expressed these traits. Compared to the control, the three genotypes had a 
combined average of 31% fewer leaves, 11% less canopy width, and 5% height increase when subjected to combined 
heat and drought stress. These results highlight the combined negative effect of heat and drought stress on all three 
of these soybean genotypes. Results also underscore the importance of continued research on mitigating these 
stressors on their own, as well as research on the combined impacts of heat and drought.   
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Effect of Varying Hardeners on the Tensile Shear Strength of Quebracho Tannin Resin in Three-Layer Plywood 
Developing tannin-based adhesives helps reduce reliance on petroleum-derived synthetics associated with 
formaldehyde emissions and environmental impact. This study aims to enhance the tensile shear strength of maple 
wood bondlines bonded with quebracho tannin (QT) adhesive by incorporating 7% dry weight of selected hardeners: 
Hexamine (H), paraformaldehyde (PF), and methylene diphenyl diisocyanate (MDI). A 50% w/w aqueous dispersion 
was prepared by mixing equal parts of powder and water, then adjusting the pH with 50% sodium hydroxide, to pH 8 
for Hexamine and pH 7 for paraformaldehyde and MDI, followed by stirring and adding the hardeners. The prepared 
resin was applied to three-layered veneer panels measuring 7 × 7 in. with a thickness of 0.125 in. and pressed using a 
hot press at 266 °F for approximately 9 minutes. Dry and wet tensile shear tests were performed using a universal 
testing machine in accordance with ASTM D906-20. Plywood specimens were cut into pieces measuring 3¼ inches in 
length, with a 2/3-depth cut through the core and a center bonding area of 1 × 1 inch. For wet testing per 
ANSI/HPVA HP-1-2020S, specimens were boiled for 4 hours, dried for 20 hours at 145 ± 5°F to ≤12% moisture 
content, reboiled for 4 hours, cooled in water, and tested wet. Among all hardeners, QT adhesive with PF showed the 
highest dry tensile shear strength (514 psi/in³), significantly outperforming the others. No significant differences were 
found among QT with hexamine (213 psi/in²), MDI (208 psi/in2), and PF+MDI (314 psi/in2). The wet strength of QT 
with PF was 217 psi/in², with 100% sample survival after the second boiling cycle. QT with hexamine showed 207 
psi/in² with an 11% sample loss, while QT with MDI+PF had 132 psi/in² and a 36% loss. All wet samples of QT with 
MDI were lost after the first boiling cycle.  
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Measuring Attractiveness of Wood Decay Fungi to Western Honeybees  
The western honeybee, Apis mellifera L. (Hymenoptera: Apidae), is a vital component of modern agriculture but is 
facing several health threats that can reduce the productivity and viability of colonies. Two impactful viruses affecting 
colonies are Lake Sinai Virus (LSV) and Deformed Wing Virus (DWV). Recent research has suggested that 
supplementing honeybee diets with extracts from wood decay fungi (notably Fomes fomentarius, Ganoderma  
applanatum, G. resinaceum, and Trametes versicolor) can decrease viral loads in honeybees and increase 
survivability. However, it has remained unknown if honeybees will preferentially forage these fungal resources, and 
thus it is unclear how these beneficial fungi can be best implemented into apiculture practices. Here, we used 
laboratory choice assays to determine the attractiveness of four wood decay species (Ganoderma lucidum, Hericium 
erinaceus, Lentinula edodes, and Pleurotus pulmonarius) to western honeybees. Knowing honeybees are attracted 
to these fungi could revolutionize the apiculture industry’s understanding of fungi, inspiring their use as both a health 
supplement for the colony and a valuable secondary product.  
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Assessing the Long-Term Effects of Self-Thinning Stands at Three Different Densities  
Loblolly pine (Pinus taeda) is one of the most commercially important species in the United States while providing a 
number of additional ecosystem services. The ubiquity of the species across the Southeast in addition to its fast-
growing nature makes it an ideal candidate for monetized carbon sequestration projects. High initial densities of 
loblolly pine can be attractive to programs that incentivize carbon sequestration. However, stands initially planted at 
high densities may self-thin to store less biomass compared to stands at lower densities, a phenomenon known as 
the Crossover Effect. The goal of this study was to evaluate the crossover effect in a forty-year old loblolly pine stand 
planted at three different densities. Specifically, the objectives were to 1) examine how long-term carbon trajectories 
respond to density, and 2) identify the morphological mechanisms driving long-term carbon dynamics in planted 
loblolly pine. This study started with 12 separate stands being planted at three different densities having 435, 680, 
1742 trees in one-acre plots (TPA) in 1985. Measurements of Diameter at Breast Height (DBH), Height (HT), and 
Height to Crown Base (HBC) were taken beginning in 1986 and as recently as 2025. Preliminary results suggest that 
there was a crossover effect in the highest density which can be attributed to self-thinning. These results may have 
significant implications for emerging carbon markets that wish to capitalize on long-term carbon sequestration in 
planted loblolly pine.   



43 

21. 
Name: Johnson, Ainslee  
Major: Computer Science - Bachelor of Science  
University: Samford University  
Faculty Research Mentor: Sudip Mittal, Computer Science and Engineering 
Co-Author(s): Subash Neupane, Leojai Hibbert  
Funding: NSF REU: Cybersecurity in Emerging Technologies  
Project Category: Engineering  

Architecting Agentic AI for PCI DSS Compliance: A Comprehensive Review of Challenges, Solutions and  
Recommendations in Payment Processing  
The rapid integration of Agentic AI systems capable of planning, decision-making, and executing complex tasks 
autonomously into payment processing ecosystems presents significant challenges for maintaining Payment Card 
Industry Data Security Standard (PCI DSS) compliance. This review synthesizes current research, identifies critical gaps, 
and proposes pathways for developing inherently compliant Agentic AI architectures. We first analyze the unique 
challenges posed by Agentic systems, including their dynamic, adaptive nature, opaque decision-making processes, 
potential for emergent behavior, and the complexities of maintaining continuous monitoring and audit trails, all 
within the rigid framework of PCI DSS requirements. First, we systematically map core PCI DSS requirements (such as 
data protection, access control, vulnerability management, logging, and secure development) onto the operational 
lifecycle of agentic systems. We then critically evaluate emerging technical solutions, including secure execution 
environments, policy enforcement engines, explainable AI (XAI) for auditability, robust encryption techniques for 
data-in-motion and data-at-rest handled by agents, and anomaly detection systems tailored for autonomous 
behavior. Furthermore, we examine the crucial role of governance frameworks, human oversight models, and secure 
agent design principles in achieving demonstrable compliance, and outline essential research directions and practical 
considerations for stakeholders to harness Agentic AI benefits in payment environments without compromising PCI 
DSS security mandates.   
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Emergency Wetlands Resources Act: Policy Analysis and Future Directions  
The Emergency Wetlands Resources Act (EWRA) of 1986 is a seminal federal policy that seeks to conserve wetlands by 
focusing on land acquisition programs and inventory programs at the national level. Through mandating wetland 
assessments and facilitating conservation efforts, the EWRA has assisted in safeguarding critical ecosystems that 
foster biodiversity, water quality, and flood control. However, the achievements of the EWRA have been undermined 
by persistent challenges, including a lack of funding, limited enforcement authority, and shifting regulatory regimes 
that have left wetlands increasingly vulnerable. Recent changes in policy, such as the restriction of federal jurisdiction 
over wetlands under the Clean Water Act, have also added to these vulnerabilities by removing legal safeguards for 
certain categories of wetlands. This essay critically evaluates the successes and failures of the EWRA in achieving its 
conservation goals and examines how rollbacks in regulations have amplified wetland ecosystem threats. As a 
response to the above challenges, this analysis proposes a new policy framework that blends provisions of the EWRA 
with the Endangered Species Act (ESA) to establish a new class of conservation: "endangered lands." The category 
would prioritize the protection of wetlands that are under imminent danger of degradation due to climate change, 
development pressure, and habitat fragmentation. By enhancing financial inputs, reinforcing enforcement 
mechanisms, and taking complementary legislative measures, this policy framework seeks to assist in the 
consolidation of wetlands conservation efforts. The strengthening of EWRA and its coordination with environmental 
protection strategies at the larger level will hold the key to preserving the ecological integrity, economic value, and 
hydrological functions of wetlands for future generations.  
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Evaluating the Stability and Release Behavior of beta-Cyclodextrin–Essential Oil Complexes Across Varying 
Environmental Conditions  
Essential oils (EOs) are widely valued for their antimicrobial and antioxidant properties, with applications ranging from 
food preservation to biomedical and materials science. However, their volatility and susceptibility to environmental 
degradation limit long-term effectiveness. Encapsulation in beta-cyclodextrin (bCD) offers a promising solution, 
where hydrophobic EOs are stabilized within the cavity of donut-shaped bCD through hydrophobic interactions and 
van der Waals forces. This inclusion complex suppresses volatility and improves thermal stability, thereby enhancing 
the bioactivity and efficacy of EOs, which makes them useful in wood preservation and other bio-based systems. 
Building on prior work preparing bCD-EO inclusion complexes via ultrasonication, this study investigates their stability 
and release behavior under varying environmental conditions. Four EOs—trans-cinnamaldehyde, eugenol, carvacrol, 
and thymol—were selected for their known bioactive properties. Their encapsulation within bCD was verified using 
Fourier-transform infrared spectroscopy, which revealed characteristic O–H band shifts and diminished intensity of 
EO-related peaks, confirming the formation of bCD-EOs inclusion complexes. To quantify the amount of EO retained 
in bCD, ultraviolet-visible (UV–Vis) spectroscopy was used. By rupturing the bCD-EO complex using ultrasonication in 
an acetonitrile-water co-solvent, the inclusion yield of EO in the complex was quantified using pre-established 
calibration curves based on the Beer–Lambert law. Assuming a 1:1 bCD:EO molar ratio, the inclusion yield under 
ambient conditions ranged from approximately 100 to 200%, suggesting excess EO was retained in the complex. 
Thermogravimetric analysis (TGA) complemented UV-Vis for the determination of the inclusion yield, where loosely 
associated and tightly encapsulated EOs were differentiated by monitoring the thermal weight loss of the complex 
beyond the volatilization temperature range of the bulk EOs. Lastly, the stability and release behavior of EOs in the 
complex will be studied under elevated temperature and high humidity conditions using TGA and UV–Vis, monitoring 
changes in inclusion yield over time.  
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Modernizing the Dynamic Swell-O-Meter  
Swelling of wood products due to high moisture conditions can cause extensive and expensive damage to residential 
structures. The cost of repairs can range from a few hundred dollars to tens of thousands of dollars. Determining the 
rate at which wood products, such as lumber, undergo swelling has been conducted for decades, based on data 
generated in the early 1900s. However, the production of lumber has undergone significant changes, including the 
more rapid growth of softwoods to meet the demand for lumber in the housing construction market. Today’s lumber 
does not have the same physical properties as lumber from previous eras. The goal of this project is to modernize a 
legacy testing device, known as the Dynamic Swell-O-Meter, for measuring moisture-related swelling in modern 
lumber. This project describes the steps taken to update the computerized Dynamic Swell-O-Meter developed at 
Mississippi State’s Forest Products Laboratory. The wiring and power supply were replaced, along with a new interface 
based on the SpecView platform. Currently, calibration and determination of the standard curve are underway.   
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The Effects of Build Plate Material and Temperature on ULTEM 1010 Specimen Adhesion   
Fused filament fabrication (FFF) is an additive manufacturing process that involves the layer-by-layer extrusion of a 
thermoplastic material. In FFF, the adhesion of the first layer of filament to the build plate is a vital aspect of the 
printing process. Improper adhesion to the build plate can cause various issues, such as the delamination of layers or 
warping within the printed part. Build plate material and temperature are two elements that can potentially impact 
part adhesion and quality. This study aims to evaluate the effects of both build plate temperature and material on the 
adhesion quality of a part printed with ULTEM 1010 using a previously developed open-source high-temperature 3D 
printer. Specifically, the correlation between the time it takes for the top and bottom side of the printer bed plate to 
reach steady-state temperature and print adhesion quality will be noted. The three bed plate temperatures that will 
be used during testing will be 180°C, 200°C, and 220°C, which are build plate temperatures that can be used to 
successfully print ULTEM. These temperature tests will be conducted with a borosilicate glass and carbon fiber build 
plate to observe a correlation between adhesion quality and bed material. To measure and record the temperature, 
Ktype thermocouples will be attached to the top and bottom of the build plate.  After preliminary tests are 
conducted, small rectangular ULTEM specimens will be printed, and the adhesion quality will be observed for each 
temperature setting. In future work, tensile testing will be performed for each specimen printed under the parameters 
outlined in this study to observe a correlation between adhesion quality and the specimen’s ultimate strength.  
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Investigating the Defect Behavior and Electronic Properties of Formamidinium Lead Bromide Perovskite 
through Machine Learned Interatomic Potentials  
Formamidinium lead bromide (FAPbBr3) perovskite crystals display promising optoelectronic properties, making them 
attractive materials for solar cells, light-emitting diodes, and photoelectrochemical devices. In this study, 
computational methods are applied to investigate the effects of point defects—vacancies, interstitials, Frenkel, and 
Schottky—on the electronic structure of FAPbBr3 bulk and nanoplatelet crystals. Traditional computational methods, 
such as density functional theory (DFT), are computationally expensive and thus limited to small systems and short 
time scales. To characterize and simulate larger systems over longer time periods at reduced computational costs, 
machine learned interatomic potentials (MLIPs) are developed with MACE, a message passing neural network. The 
machine learning model is trained on ab initio molecular dynamics (AIMD) simulations of defect-free and 
defectpresent systems to run molecular dynamics (MD) simulations. Several models are trained using different 
combinations of AIMD systems data, with the model trained on defect-free bulk FAPbBr3 systems being the most 
accurate. The MACE MD simulations provide key insights into the change in band structure and density of states of 
FAPbBr3 crystals with defects present. This study illustrates the effectiveness of MLIPs in capturing defect-driven 
behavior in FAPbBr3, enabling accurate, large-scale MD simulations and informing the more efficient use of FAPbBr3 
and intelligent design of perovskites in optoelectronic applications.   
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Red oak-derived activated carbon for electrodes of double-layer capacitor  
As global efforts intensify to promote cleaner energy solutions, the development of efficient and sustainable energy 
storage technologies has become increasingly important. While batteries remain the primary choice, supercapacitors 
are gaining attention for their superior power density and fast charge–discharge capabilities. This study examines the 
utilization of red oak biomass as a renewable and eco-friendly precursor for preparing activated carbon electrodes in 
supercapacitors. The red oak was dried, ground, and carbonized, then chemically activated with potassium hydroxide 
to improve surface functionality and porosity. Physiochemical characterization included Brunauer–Emmett–Teller 
(BET) surface area analysis, thermogravimetric analysis (TGA), and Fourier-transform infrared spectroscopy (FTIR) to 
examine structural, thermal, and chemical properties. Electrochemical performance was evaluated using cyclic 
voltammetry (CV), galvanostatic charge–discharge (GCD) testing, and electrochemical impedance spectroscopy (EIS). 
The resulting red oak-derived activated carbon exhibited a high specific surface area of 1163.84 m²/g, an average 
pore diameter of 3.11 nm, a total pore volume of 0.6 cm³/g, and excellent electrochemical behavior, indicating strong 
potential as a sustainable, cost-effective electrode material for next-generation supercapacitor applications.  
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Getting to the root of the problem: A comparison of rhizome extracts for the control of cogongrass (Imperata 
cylindrica)  
Cogongrass is a perennial grass that was introduced to the southeastern United States in 1912 and has since spread 
aggressively throughout the region. It is very resilient to disturbances as it can propagate through seed and rhizome, 
which makes it extremely difficult to control. Most efforts to control cogongrass populations have used synthetic 
herbicides, though burning and tilling have also been explored. A new method applies autotoxic leachates produced 
by the target plant to the plant for control. Although this method of control has been demonstrated in giant salvinia 
(Salvinia molesta), researchers have not yet identified the methods to control cogongrass. In this study, we compared 
how ethanol- and water-derived leachates impact cogongrass growth. We collected cogongrass rhizome from 
Winston County, MS, chopped it in a blender, then added 700 g of chopped rhizome to each of two jars, one with 1.1 
L of water and one with 1.1L of  50% ethanol. Both jars soaked for 24 hours, then were strained to extract the liquid. 
The ethanol leachate was evaporated and resuspended in distilled water. In addition to the two leachates, we had 
three control treatments: distilled water, 5% ethanol, and 15% ethanol. Each treatment was applied as a soil drench to 
three cogongrass specimens. We measured the height and number of leaves daily and photographed each plant 
every other day. After seven days, we measured the wet and dry biomass of the above- and below-ground tissue of 
each plant. Preliminary results show that the ethanol treatments all had significantly less dry belowground mass than 
the water control (p < 0.05), but there were no other significant differences among treatments. Additional analyses 
and trials are going to be conducted to further explore the use of plant extracts for the control of cogongrass and 
other invasive plants.   
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Where is Our Movement?  
With the advent of neoliberal policies in the 1970s, income inequality—and the social inequities that accompany it— 
has been increasing (Piketty 2014). Yet these conditions of socioeconomic division are hardly new in the U.S. South. 
This presentation examines the specific strategies that Black radical movements employed in the U.S. South during 
the 19th and 20th centuries to combat the social ills associated with white supremacy, capitalist exploitation and 
governmental malignance of slavery and Jim Crow. This work serves as a literature review of the histories, theories, 
and strategies that emerged out of these struggles, and as an illustration of how everyday forms of resistance relate 
with more overt and large-scale political mobilizations.  
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Synthesis and Characterization of Mn2+ Complexes Inspired by the Cupin TM1459 Protein  
In biological systems, Mn2+ is known primarily to coordinate to a mixture of N- and O- donor amino acid ligands. 
However, in the cupin protein TM1459, Mn2+ coordinates to four histidine amino acids, specifically to their imidazole 
side chains. Recent research has noted promising reactivity in oxidative C=C cleavage using this protein. Based on this 
protein, several novel ligands were synthesized and coordinated to Mn2+. These ligands differ in their substituents on 
their pyridine rings, one being unsubstituted, one containing a methoxy-group substituent, and one containing a 
hydroxyl-group substituent. These ligands were characterized by 1H-NMR, and the complexes were characterized with 
HRMS and X-ray diffraction. Going forward, the reactivity of these complexes in oxidative alkene cleavage will be 
investigated, along with potential use in manganese chelation as means of fighting infection.   

90. 
Name: McCall, Kaleah  
Major: Biochemistry - Bachelor of Science  
University: Georgia Southern University  
Faculty Research Mentor: Dongmao Zhang, Chemistry  
Co-Author(s): Huy Pham, Joshua McEachin  
Funding: NSF REU Award #2150130 - Environmental Focus in  
Project Category: Biological and Life Sciences  

Fluorophore Extraction of Fluorescent Polystyrene Nanoparticles   
Fluorescent Polystyrene Nanoparticles (fPSNPs) are valued for their stability and tunable properties. This makes 
them a staple in cellular imaging, biomarker tracking, environmental pollutant detection, and biological applications.  
Our research explored the extraction of fluorophores from carbonylated yellow-green fluorescent polystyrene (PS) 
microspheres as a model. The procedure contributes to the growing need to treat nanoparticles and extract the 
fluorophore from polystyrene microspheres safely. Using hexane and acetone, we mainly constructed a technique 
that effectively isolates fluorescence from PSNPs. Further analysis using a spectrofluorometer revealed clear 
antiStokes, on-resonance, and Stokes shift emissions. At the same time, ultraviolet-visible (UV-Vis) spectroscopy was 
implemented to confirm the effects of our treatment. By refining extraction techniques, this research contributes to 
the advancement of nanoparticle-based sensing techniques in both laboratory and environmental settings.  
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Implementing ImageJ as a Device for Measuring Cannabis-Induced Teratogenic Effects On Zebrafish Larvae 
Cannabis sativa has been consumed since 2500 BC for its medicinal and psychoactive properties. However, further 
research indicates that cannabis’ adverse effects could lead to developmental and embryonic genotoxicity. 
Observations of teratogenic effects minor cannabinoids have among Zebrafish (Danio rerio) larvae could provide 
more insight as to whether cannabis is the perpetrator for mutagenic effects often seen in utero. Our prior work 
showed that the psychoactive cannabinoid delta-9 tetrahydrocannabinol (THC) and cannabidiol (CBD) alters zebrafish 
development, morphology, and behavior. This led to our focus on examination of minor cannabinoids and journey to 
comprehend whether the observed effects are mediated primarily through endogenous cannabinoid receptors. We 
hypothesized that the minor cannabinoids cannabinol (CBN), cannabigerol (CBG), and delta-8 THC cause 
developmental toxicological effects that are mediated by the cannabinoid receptor 2 (cnr2), causing pericardial and 
yolk sac edema, swim bladder inflammation, and vertebral and caudal curvature. To test this hypothesis, wild-type 
and cnr2-deficient zebrafish were exposed to increasing concentrations of cannabinoids from 6-96 hours post 
fertilization (hpf). Treatment groups were randomized with at least n=10 fish/treatment. At 120 hpf, larvae were 
placed within 96-well plates, where distance and speed were measured during photolocomotor response testing. 
Afterward, larvae were fixed and transported to the quantitative laboratory where individual larval microscopy (20x) 
was implemented. The images were then sent to a laboratory computer where, using the software ImageJ to apply 
imagery analysis, qualitative and quantitative information were determined by blinded reviewers. Dimensional 
analysis was performed and graphs were then produced to visually compare cannabinoids and determine results. 
Data indicates that these minor cannabinoids do augment larval morphology, providing support that cannabis and its 
many accessible products do not always equate to a safe, non-toxic means of recreational or medicinal use.  
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Does the environment influence the physiological impact of virtual reality equine-assisted interaction for 
college students participating in an on-campus mental health program?   
With the rise of mental health challenges seen on today’s campuses, universities have begun promoting mental 
health, including the use of campus-based equine-assisted intervention (EAI). Since equines require a unique 
environment that can be challenging to provide on all campuses, the use of virtual reality (VR) has been offered as an 
alternative method for delivering equine experiences. The equine environment, even without direct equine 
interaction, has been shown to positively influence stress levels, but research is lacking concerning environmental 
influence when participating in VR EAI. Therefore, the objective of this study was to compare stress levels as observed 
through heart rate and cortisol levels for college students participating in VR EAI within the equine and classroom 
environments. College students were recruited for one of the following on-campus VR EAI programs: 1) classroom 
environment (n = 10) or 2) equine environment (n = 14). The heart rate was collected via Fitbit and salivary cortisol 
samples were collected pre- and post- interaction. T-tests compared pre- and post- values with significance set at 
0.05 and tendencies set at 0.10. Pearson correlation coefficient was evaluated to determine the relationship between 
biomarkers and the environmental type. Results indicated that the equine environment demonstrated a trend in 
increasing heart rate (P = 0.06), while the classroom VR EAI led to a significant reduction in heart rate (P = 0.02). 
Although both environmental types had an increase in cortisol levels post-interaction, a tendency was only observed 
within the classroom (P = 0.07). Interestingly, the only environmental correlation observed was between the equine 
environment and salivary cortisol levels (r = 0.62). Results suggest that both environmental types physiologically 
impacted participants, however, further research is needed to investigate additional biomarkers to reflect more fully 
the effect on mental health.  
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Automated Fronthaul Security Testing in O-RAN with RAN Tester UE   
The shift to software-driven, virtualized 5G architecture has made mobile networks faster and more flexible, but it has 
also introduced new security challenges. One of the weakest and most overlooked components is the fronthaul, the 
link between radio units (RUs) and distributed units (DUs), which, despite carrying all control and user data, lacks 
required integrity protection and remains exposed to eavesdropping, injection, and denial-of-service attacks. This 
project presents RAN Tester UE (RT-UE), a modular, containerized testing platform that automates fronthaul-layer 
vulnerability assessments from the user equipment (UE) perspective. RT-UE enables YAML-based configuration of test 
scenarios, orchestrates containerized attack modules, and provides real-time monitoring through Grafana 
dashboards. To evaluate fronthaul resilience, we integrated srsRAN’s Radio Unit Emulator with our soft tester UE and 
used that setup to replay 14 PCAPs, spanning control and user planes and uplink and downlink directions, at 10, 100, 
and 1000 Mbps from both the RU and DU injection points, yielding 42 total scenarios. Each test was scored on a 1 to 
5 severity scale (1 = RU crash, 5 = no impact), and disruption was measured using statistical thresholds on KPIs such 
as RX TOTAL and late-packet counts. Results revealed clear asymmetry: RU-to-DU control-plane uplink replays caused 
persistent overload or RU crashes in over 50 percent of cases, even at low rates, while DU-to-RU injections mostly 
caused temporary degradation. These findings highlight weaknesses in input validation on the fronthaul and 
emphasize the need for upstream defenses such as anomaly detection and rate limiting. RT-UE enables scalable, 
repeatable testing that can guide the design of more secure and robust next-generation RAN systems.  
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A Two-Stage Deep Learning Pipeline for Object-Specific Depth Estimation on Construction Sites  
Construction sites are among the most hazardous workplaces, with the U.S. Bureau of Labor Statistics reporting over 
1,000 fatalities in a recent year. A significant contributor to these accidents is the lack of real-time spatial awareness. 
While automated systems with depth-sensing capabilities could mitigate many of these incidents, their high cost 
prevents widespread adoption. This research introduces a novel, cost-effective deep learning framework that 
generates precise, object-specific depth information from standard 2D images, offering a viable solution to 
significantly enhance construction site safety without the prohibitive expense of current technologies. This framework 
is a two-stage deep learning pipeline designed as a cost-effective alternative to expensive LiDAR systems for 
enhancing construction site safety. The first stage employs a You Only Look Once (YOLO) model, which processes 
images in a single pass to rapidly detect and classify critical objects with high precision; the findings show accuracies 
of 95% for machinery, 91% for safety cones, and 74% for vehicles. Once an object's bounding box is localized, it is fed 
into the second stage: "Depth Pro," a state-of-the-art monocular depth estimation model. This model analyzes 
monocular cues like texture and perspective within the 2D image to calculate the object's specific metric distance 
from the camera. By fusing these two ML approaches, the system moves beyond generic depth maps to provide 
targeted, real-time spatial data, pioneering a practical, vision-based safety solution whose viability has been validated 
by our preliminary results.  
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Intrinsic Curiosity-Driven Agent Exploration in a Visually-Rich 2D Gridworld  
Autonomous exploration remains a significant challenge in Deep Reinforcement Learning (DRL), particularly in 
environments with high-dimensional visual observations and sparse reward signals. Previous research demonstrates 
applications in robotic space exploration and search and rescue operations, where state perception and data 
acquisition are critical. A novel intrinsic reward mechanism, designed to foster an agent’s curiosity through visual 
novelty in a two-dimensional (2D) grid environment, is developed and evaluated to determine its efficacy in 
autonomous exploration. It is hypothesized that a Structural Similarity Index Measure (SSIM)-driven intrinsic reward 
will enable an agent, driven solely by intrinsic rewards, to efficiently explore novel visual environments and effectively 
identify anomalies and significant areas of interest, thereby optimizing resource utilization and maximizing data 
acquisition. A Deep Q-Network (DQN) agent with a Convolutional Autoencoder (CAE) is implemented to learn robust 
representations of environment states. The custom-designed MiniGrid environment generates diverse, randomly 
colored shapes and patterns, providing the agent with a visually rich exploration space. Visual novelty is quantified by 
the SSIM between ground truth observations and CAE reconstructions. A lower SSIM calculation reflects a higher CAE 
reconstruction error, which translates into a higher intrinsic reward for the agent. In each exploration experiment, the 
agent’s performance is evaluated through four metrics: exploration progress (the percentage of unique grid cells 
visited over the total number of episodes), intrinsic reward signal (the average intrinsic reward received over time), 
CAE performance (the average reconstruction error), and DRL agent performance. These metrics are compared 
against a random exploration control.  
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Development of a Finite Element Model for Lumbar Spine Injury Prevention  
Prolonged exposure to vehicular vibration is a well-established risk factor for lower back pain and spinal injury, 
especially among drivers and workers in transportation, construction, agriculture, and heavy machinery industries. 
This research aims to develop and validate a finite element (FE) model of the human lumbar spine (vertebrae L1–L5) 
to investigate the biomechanical spinal structure response to vibration-induced loading. The model is derived from 
the existing Total Human Model for Safety (THUMS), originally developed by Toyota and implemented in LS-DYNA 
software. To integrate with a broader multiscale modeling workflow, the THUMS model was successfully converted to 
NASTRAN and further adapted for use in Abaqus. The lumbar spine, including vertebrae, intervertebral discs, and key 
ligaments, was anatomically isolated, and appropriate boundary conditions were defined to mimic constraints at the 
thoracolumbar and lumbosacral junctions. The current effort involves applying both simplified sinusoidal loading and 
complex road-graph-based dynamic loading profiles that reflect real-world driving conditions. These vibration inputs 
are being used to simulate and analyze the response of the L1–L5 region. Model validation is being conducted in 
Abaqus using experimental data from the literature and vibration measurements at the L1–L5 region collected 
through a separate project. This focused lumbar FE model offers a computationally efficient alternative to full-body 
simulations and enables detailed assessments of stresses and strains as well as potential spinal tissue injury 
mechanisms. Once validated, the model will serve as an ethical, reproducible tool for studying vibration-induced 
spinal injuries, with direct applications in automotive safety design, clinical biomechanics, ergonomic assessments, 
and occupational health risk mitigation.  
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Impact of human-horse physiological coupling on student perceived stress levels during a collegiate-based 
equine-assisted interaction program  
After the COVID-19 pandemic college campuses faced a mental health crisis within the student population. As such, 
campuses incorporated programs to address student mental health including alternative therapeutic strategies such 
as equine-assisted interaction (EAI). While survey-based research covering collegiate EAI programs is available, the 
tracking of biomarkers during equine interactive activities is limited. This can be of value due to the physical nature of 
the therapeutic intervention and the potential of human-horse physiological coupling during EAI. Therefore, the 
objectives of this study were to determine if there is a relationship between the psychological state of the participant, 
both human and horse, as observed through heart rate measures and perceived participant stress. College students 
(n = 26) were recruited for an hour-long EAI program that involved ground-based equine activities. Heart rate 
monitors tracked both the human and horse participants. Perceived pre- and post-stress levels were determined 
through a survey instrument using a 4-point Likert Scale with a score of 4 reflecting ‘high stress’. Post-heart rates 
significantly increased in both the human (post-pre difference: 13.8+16.7 bpm) and horse (post-pre difference: 
6.4+6.6 bpm) participants (P < 0.001) with a moderate negative correlation observed between human and horse heart 
rates (r = 0.46), suggesting human-horse physiological coupling during the event. Perceived stress levels significantly 
dropped post-interaction (post-pre difference: -0.7+1.1; P < 0.001) and there was a negative moderate correlation 
observed between heart rate and stress levels (r = -0.30) within the human participant, although a correlation was not 
observed between horse heart rate and human participant perceived stress levels (r = -0.07). As an exercise-based 
therapeutic intervention, EAI offers a unique strategy for addressing stress within the student and the physiological 
coupling between humans and horses may offer an additional benefit not observed within other mental health 
programs utilizing physical activity.    
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Estimation of nitrogen in sorghum irrigated with treated slaughterhouse effluent using vegetative indices  
Sustainable practices are essential to support both productivity and longevity in agricultural systems. Slaughterhouse 
effluent, due to its high content of organic matter and nutrients, offers potential for reuse in crop irrigation helping to 
meet water demand and partially supply plant nutritional needs. The objective of this study was to analyze nitrogen 
efficiency in forage sorghum plants using the experimental design used was randomized blocks with 5 treatments 
and 4 replications. The treatments consisted of different concentrations of treated slaughterhouse effluent (TSE): T1: 
100% potable water – control (0% TSE); T2: 100%; T3: 75%; T4: 50%; and T5: 25% TSE. Each plot measured 49 m² (7 m 
x 7 m), totaling 20 experimental plots. Sowing was performed manually at a depth of 3 cm with a row spacing of 0.5 
m. The soil was maintained at field capacity, and soil moisture was monitored weekly. The NDVI values for sorghum
plants irrigated with TSE showed significant differences (P< 0.05) on days 67 and 74 days after sowing (DAS), using
the Scheffé test. On both dates, the 75% and 100% TSE treatments differed significantly from the control treatment
(0% TSE), with higher values of 0.115; 0.150; 0.118; and 0.132, respectively. These findings highlighted the potential
benefits of using TSE as a substitute for potable water in irrigation at different concentrations.
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Material Properties Changes: Preliminary Fatigue and Highly Accelerated Life Testing of Materials Used in 
Nuclear Facilities  
The reliability and longevity of materials used in nuclear facilities depends on their ability to withstand various 
environmental stressors. This research investigates the changes in material properties as a function of exposure, 
focusing on glass filtration media and gasket materials used in nuclear containment ventilation and filtration systems. 
Accelerated aging techniques, specifically Highly Accelerated Life Testing (HALT), are involved in determining critical 
fatigue boundaries and acceptable exposure profiles. Randomly selected specimens underwent systematic exposure 
to controlled stressors including thermal cycling, humidity variations, ozone exposure, and water soaking conditions 
for five days. The exposures were followed by determination of material properties using tensile strength and 
modulus, water repellency, and thickness testing for glass medium. Similarly, gasket materials were evaluated for 
tensile strength, compression recovery, and thickness variations under similar exposure conditions. Additionally, 
dynamic vapor sorption (DVS) isotherms were recorded to evaluate surface stability or damage to the glass fibers and 
elastomeric gaskets. The analytical data obtained from the tests will enable regulatory agencies such as the 
Department of Energy, Nuclear Regulatory Commission, and the nuclear power industry to define duration and 
conditions of use for each material and assist manufacturers in developing advanced nuclear filters, enhancing public 
safety and safeguarding communities against harmful radiation leaks from nuclear waste treatment facilities.  
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Automated Processing of Impaction Data in Benchtop Simulation of Lumbar Interbody Fusion Device Testing 
Lateral lumbar interbody fusion (LLIF) is a surgical technique in which an interbody fusion device (IFD) is inserted 
laterally into an excised disc space in the lower spine. This procedure is one of the leading treatments for spinal disc 
pathologies such as disc herniation, degenerative disc disease, and spondylolisthesis. Cadaver testing has traditionally 
been the standard for evaluating IFD performance; however, this practice presents significant challenges such as  
excessive cost, limited availability, and variability among cadaveric specimens. To address these issues, this project 
leverages a modular benchtop drop-weight device designed to simulate cadaveric loading conditions, to assess the 
efficacy of additively manufactured titanium IFDs. Integrated sensors on the benchtop device capture key 
performance data, including drop-weight impact velocity, impact force, lateral compression, and IFD displacement, 
enabling comparison with cadaver-derived benchmarks. For force-time data acquisition, an oscilloscope is used to  
visualize the raw voltage waveform (strike) generated upon impact. In cases where a secondary impact waveform was 
recorded shortly after the initial impact, the data required manual editing to remove the subsequent waveform, as 
this waveform does not occur in mallet strikes during LLIF surgery and could skew the resulting dataset. To combat 
this, a new Python script was developed to automatically remove the additional waveform from each impact dataset 
with  minimal effort. Testing of the code showed similar datasets after the manual removal and automatic removal 
processes, indicating that the program can be introduced into the standard data processing method. Preliminary 
testing using a 0, 25, and 75-millimeter drop-weight spring compression setup, used to better simulate the mallet 
strikes exerted during surgery, has shown promising alignment between benchtop and cadaver data, suggesting the 
device’s potential as a reliable alternative to cadaveric testing. Ongoing experiments aim to evaluate the system’s  
accuracy across varying spring compressions to further validate its effectiveness.  
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Privacy-Preservation of Telecom Signals  
Wireless communication channels are becoming more susceptible to disruptive methods like Direct Sequence Spread 
Spectrum (DSSS), which involves hard-to-detect underlay signals overlapping with high-power baseline transmissions. 
Here, we present a modified ResNet-50 incorporated with a privacy-preserving deep learning architecture to identify 
jamming behavior from cellular spectrogram signals. We were able to classify signals as either regular Long-Term 
Evolution (LTE) or those that happen in the form of jamming because of the interference of Direct Sequence Spread 
Spectrum (DSSS) transmissions. This classification was performed within a privacy-preserving framework, ensuring 
data security while incurring only a reasonable trade-off in classification accuracy. Our method uses spectrograms as 
RGB images, where each channel captures important frequency-time information to support visual classification using 
a marginally adapted ResNet-50 convolutional neural network. To avoid compromising leakage of personal signal 
data during centralized training, we apply Differential Privacy (DP) to the training process. DP operations such as 
gradient clipping and noise injection are performed on the server side to prevent exposure of single client 
information from aggregated model updates. Empirical findings indicate that introducing DP incurs a performance 
cost, reducing classification accuracy from 98.0% to 70.5%, but provides a robust privacy guarantee with ε = 3.28 and 
δ = 1e-5. The cost is the feasibility of balancing model utility and robust data privacy. The research confirms the 
effectiveness of using visual signal representation, deep learning, and formal privacy techniques for wireless signal 
anomaly detection and ensuring data privacy in privacy-critical applications.  
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Developing a Neural Network for Prediction of Interatomic Energies in Iron-Manganese Alloys  
Machine-learned interatomic potentials (ML IAP) for alloy systems have been sought after due to their ability to 
reduce experimentation costs and time, accelerating alloy development and discovery. However, the explicit inclusion 
of magnetism in these potentials has been both a difficult and important problem to solve, due to the complexity of 
spin-lattice dynamics and its significance in the properties of magnetic alloys. We present here the development of an 
explicitly magnetic Fe-Mn ML IAP using a physics informed neural network (PINN) extension of the rapid artificial 
neural network (RANN) formalism. It is shown that the potential is capable of reproducing a number of energetic, 
mechanical, and magnetic properties of the Fe-Mn system, including phase stability and magnetic ordering, as well as 
thermal and elastic properties. The presented formalism and potential should provide a useful platform for the 
exploration of magnetic alloy systems and their properties at the atomistic scale.  
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Utilizing Crop Residue, Cotton Stalks, for Bio-Based Panel Production  
The United States ranks third in global cotton production, with cotton being a major crop in the southern region. 
Cotton cultivation generates a significant amount of agricultural residue in the form of stalks after harvesting, much 
of which remains underutilized. This study explores the potential of cotton stalks—an abundant agricultural 
byproduct— for producing a sustainable structural panel. Two types of panels were fabricated: one using strips 
produced through a novel processing technique, and another using cotton stalk particles following a conventional 
grinding method. A wood strand-based panel was also fabricated as a control. Phenol-formaldehyde (PF) adhesive 
and a conventional hot-pressing technique were used to manufacture these panels. According to ASTM D1037, test 
specimens were cut and evaluated for internal bond strength (IB), bending performance, and dimensional stability. 
Experimental results showed that the strip-processed cotton panels demonstrated competitive mechanical properties, 
with performance comparable to wood strand panels. Instead of burning or discarding cotton stalks that contribute 
to environmental harm, this study demonstrates their potential as a sustainable feedstock for panel production.  
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Nutrient profiling in dry ground maize plant tissues using infrared spectroscopy   
Rapid and accurate measurements of plant nutrients are critical for the timely decisions on efficient input 
management to ensure optimal yields. Traditional plant nutrient analyses rely on laboratory-based techniques which 
are time-consuming and expensive. Spectroscopic methods combined with machine learning techniques offer rapid, 
cost-effective, and non-pollutant analytical tools with the potential to replace conventional laboratory methods. This 
study evaluated and compared the predictive performance of two portable spectrometers from the visible near 
infrared (VisNIR, 350-2500 nm), and mid infrared (MIR, 2000 – 6000 nm) regions. Spectral data were collected from 
dried and ground maize tissues including leaves, stems, grains, tassels and cobs to develop the models for eleven (11) 
macro and micro-nutrients (N, P, K, Ca, Mg, S, Fe, Mn, B, Cu, Zn). Partial least square regression was used to calibrate 
the models for pooled (N=651) and individual tissue datasets using 80% of each dataset for training and the 
remaining 20% for validation. Results showed that macro-nutrient predictions were highly accurate (R² >0.8) while 
only some micro-nutrients performed satisfactorily. Accuracies were highest in the pooled dataset, with models 
calibrated using leaf samples showing the highest accuracy among individual datasets. In general, VisNIR 
spectrometer performed slightly better than the MIR spectrometer. Nitrogen showed the highest performance 
followed by Ca > K > Mg >S. For micro-nutrients, both spectrometers predicted B, Fe and Mn accurately. The use of 
dried plant tissues had the advantage of minimized spectral interference from moisture but required more labor for 
sample preprocessing. Fresh intact scans could be incorporated into datasets to enhance robustness and field 
applicability, though careful attention must be given to avoid moisture interference on spectral signatures.  
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Neural Network Prediction of Titanium-Aluminum Mechanical Properties  
Technological progress is strongly coupled with our understanding of materials. In fields like aerospace, 
titaniumaluminum (Ti-Al) alloys are of particular interest for their strength-to-weight ratio and high-temperature 
performance. The ability to accurately predict these characteristics as a function of composition and processing 
conditions would reduce research costs by tuning the performance to the application’s needs before producing the 
physical material. The mechanical properties, and performance by proxy, of a material are dependent on the 
microstructure of and the interatomic interactions within the material. Thus, we validate the rapid artificial neural 
network (RANN) potential of the titanium-aluminum binary system for the prediction of mechanical properties via 
tensile stress simulations in the LAMMPS software package. The RANN potential has predicted the simulation yield 
strength for a perfect crystal of pure titanium to be 15 GPa. We see that by randomly making about 5% of the hcp 
sites monovacancies, the yield strength was reduced to approximately half of the perfect crystal, while a spherical 
void with a radius of 5 lattice parameters had a similar but less pronounced effect. It was also found that by applying 
a grain boundary perpendicular to the basal plane of one grain and parallel to the basal plane of the other grain, the 
yield strength was reduced to about a fourth of that of the perfect crystal. By visualizing the simulations in OVITO, we 
observed the formation and disappearance of bcc layers as well as both deformation twinning and recrystallization 
twinning.  
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Vision-Driven Language Reasoning for Adaptive Robotic Arms in Unstructured Human–Robot Collaboration 
As manufacturing shifts from mass production to mass customization, robots are expected to perform varied tasks— 
such as spatial reasoning and quantitative analysis—while collaborating and interacting with humans on the 
production line. However, most robots are still confined to repetitive, pre-programmed tasks in structured 
environments and struggle in unstructured, dynamic settings where object positions and tasks change unpredictably. 
Hence, there is a critical need for a robotic platform that understands natural human language commands, exhibits 
reasoning capabilities, and communicates with humans clearly, rather than merely executing fixed routines. To 
address these challenges, we developed a robotic arm platform augmented with vision and language-based 
reasoning. A Universal Robots UR10e arm equipped with Intel’s RealSense D455 depth camera allows the robot to 
perceive its 3D surroundings. We integrate OpenAI’s GPT-4o large language model to interpret human instructions 
and perform logical reasoning. Through carefully designed prompts, the system translates a user’s request into a 
sequence of actions, invoking appropriate pre-programmed functions (e.g., computing object sizes, moving objects) 
to fulfill the task. We demonstrate this approach on a range of tasks: spatial reasoning (e.g., placing all cubes to the 
right of all cylinders; arranging objects in a circle), quantitative sorting (e.g., ordering objects by descending size), 
qualitative grouping (e.g., grouping objects by shape), and perceptual filtering (e.g., placing all red objects on the 
left). Objects are not confined to predefined locations, highlighting the robot’s adaptability. Our platform successfully 
executed all task types across various object sizes, shapes, and colors, and provided natural-language feedback about 
each outcome. This human-friendly interface and robust performance significantly lower the barrier for deploying 
robotic arms in dynamic, unstructured environments. In future work, we will extend this system to assist daily-life 
scenarios—for example, enabling individuals with mobility impairments to request help fetching items in a grocery 
store.  
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The navigation of guayule resin: incanilin, partheniol, and guayulins extracts  
Southern Pine Beetles (Dendroctonus frontalis) are native pests responsible for widespread damage to pine forests 
across the Southern United States. These beetles disrupt the channels in which economic goods and services are 
demanded for our livelihoods. The spectrum of contemporary economic impacts includes the loss of timber values to 
forest landowners and a loss of aesthetic and recreational values to a complement of resource consumers (Leuschner, 
1980). Estimating the economic impacts of a forest insect epidemic can be very hard to achieve. Beetle epidemics 
cause a surge in supply, accompanied by a concomitant reduction in timber prices, resulting in losses for all timber 
producers and gains for timber consumers (Holmes 1991). This study investigates the potential of Guayule 
(Parthenium argentatum) resin as a natural pesticide against these beetles. Guayule, also called “yerba de hule” is 
native to the desert of Chihuaha, located in Mexico. It is also found in southern Texas in the United States (Rousset et. 
al, 2021). Guayule biomass is processed into three fractions: 1) high molecular weight rubber, 2) a resin–low molecular 
weight rubber mixture, and 3) dry bagasse. In this study, the low molecular weight fraction, containing bioactive 
compounds such as partheniol, incanilin, and guayulins A–D, was extracted using ethanol, ethyl acetate, and acetone. 
The chemical composition of each extract was analyzed using Fourier-transform infrared spectroscopy (FTIR) and gas 
chromatography-mass spectrometry (GC-MS) to confirm the presence of target compounds.  
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Absence of Superconductivity in the Lightly Doped Hubbard Model  
The mechanism of superconductivity (SC) in high critical temperature cuprate superconductors remains an unsolved 
problem.  The simplest electronic model of cuprate superconductors is the one band Hubbard model.  It models 
copper atom positions with lattice sites, omitting oxygen atoms for simplicity, and separates the Hamiltonian into 
hopping (t,t’) and interaction (U) components.  The simplest Hubbard model only considers nearest neighbor 
hopping, t. To account for overlap between oxygen orbitals also requires next nearest neighbor hopping, t’.  Exact 
solutions of the model are computationally prohibitive to find for large systems.  Quantum Monte Carlo (QMC) 
methods such as Constrained Path Monte Carlo (CPMC) can be used in cases where exact methods  
cannot.  Constraining the imaginary time path removes the Fermion sign problem caused by sign degeneracy of 
Slater determinants.  However, an additional approximate technique known as back propagation must also be used 
to measure any quantity besides the energy within CPMC.  A newly proposed released constraint measurement 
method instead releases the path constraint of CPMC for short intervals.  This is more accurate but reintroduces the 
sign problem.  We present the first calculations of superconducting pair-pair correlations in the Hubbard model using 
the released constraint technique.  Our results show that in general back propagation tends to underestimate long-
range superconducting pairing in the Hubbard model.  Recent work using CPMC has suggested that SC does exist in 
the lightly doped two-dimensional Hubbard model.  Our results show that superconducting pair-pair correlations 
continuously weaken with increasing U, suggesting that SC is not present.  
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Drought Impacts on Soybean Leaf Physiology and Root Nodulation During Flowerin   
Drought stress is becoming more frequent and severe, posing a major threat to global agricultural productivity.  
During reproductive stages, drought can impair physiology and nitrogen fixation and cause flower and pod abortion.  
This study examined the physiological and morphological responses of three soybean genotypes (DS25-1, DT974290, 
Williams 82) to control (100% evapotranspiration-ET) and drought (50% ET of control) treatments under controlled 
conditions during the peak flowering stage (R2). Replicates of each genotype were subjected to two irrigation 
treatments, and morphophysiological and pigment data were recorded. After 14 days of treatment, stomatal function 
was significantly impaired, with a 72% decrease in stomatal conductance and a 57% reduction in transpiration rate, 
resulting in a 3.4°C rise in leaf temperature. In addition to physiological changes, drought-stressed plants showed an 
11.8% increase in the chlorophyll index. Among the tested genotypes, DS25-1 and Williams 82 exhibited higher 
chlorophyll levels than DT97-4290, which may be attributed to their reduced leaf area and lower dry weight. 
Furthermore, short-term stress decreased leaf tissue water content by 26.5% compared to control-grown plants, 
indicating a loss of turgor pressure. This reduced tissue water content and led to a 30% decrease in biomass and a 
54.4% reduction in nodulation. DS25-1 exhibited the greatest nodulation loss, at 65%, under drought conditions. 
Preliminary results reveal that all three genotypes were negatively affected by drought. These findings underscore the 
importance of screening soybeans for drought tolerance during reproductive stages to identify genotypes with 
improved plant health and yields.  
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Effects of feed additives on the performance of Nellore cattle during the background phase  
The growing demand for animal protein underscores the need to optimize livestock production. Consequently, it is 
essential to explore novel nutritional strategies to enhance productive efficiency, with the modulation of the ruminal 
microbiota emerging as one of the most promising approaches. Modulating the ruminal microbiota is a tool to 
optimize productive performance, improve feed efficiency, preserve animal health, and reduce the environmental 
impact of livestock production. The objective of this study was to evaluate the effects of essential oil in the diet of 
Nellore steers on dry matter intake (DMI) of a protein supplement and average daily gain (ADG) during the 
backgrounding period. A total of 64 steers [260.2 ± 34.56 kg of body weight (BW)] were randomly assigned to 4 
treatment groups: (1) protein supplement 0.1% BW, (2) protein supplement 0.1% BW with monensin, (3) protein 
supplement 0.1% BW with essential oil, and (4) protein supplement 0.1% BW with both essential oil and monensin. 
The experimental period lasted 224 days, comprising 84 during the dry season and 140 during the rainy season. Data 
analysis was conducted in R software and ANOVA was performed using the 'aov' function. Treatments were 
considered fixed effects. Model residuals were tested for normality using the Shapiro-Wilk test and for 
homoscedasticity using the Levene test. When P < 0.05, data were subjected to Tukey's mean comparison test. No 
significant differences in ADG were observed among treatments, indicating that supplementation with essential oil 
and monensin, either alone or combined, did not affect animal performance under the experimental conditions. 
However, DMI differed among treatments (P < 0.05), suggesting potential effects of the additives on palatability or 
ruminal fermentation. Under the conditions of this study, replacing monensin with essential oils did not yield 
additional benefits in terms of ADG during the backgrounding phase.  
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Characterization of an Aerosol Chamber for Exploring Dust Loading on Alpha Radiation Spectrometers  
Continuous Air Monitors (CAMs) are utilized in nuclear facilities to monitor environmental conditions for radioactive 
particles. In some facilities, such as the Waste Isolation Pilot Plant (WIPP), the environment consists of a fine dust from 
the nearby salt mine that can accumulate on the detectors over time and cause them to malfunction. With an aerosol 
chamber, a controlled environment can be created to study how the dust settles on the detectors and how it 
influences alpha radiation spectra. Alpha particles can be easily shielded, so dust accumulation prevents the particles 
from reaching the detector. Once the aerosol chamber was constructed, the first step was determining the aerosol 
settling’s uniformity. This was examined by loading dust onto media samples and running a statistical test to identify 
any inconsistencies. Characterizing an aerosol chamber can influence the maintenance of the CAMs in order to reduce 
radiation exposure to the surrounding workers and environment.   
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Immobilization of Radioactive 129I Within Apatite  
Radioactive isotope of iodine (129I) is a volatile substance produced as a byproduct of nuclear fission. Exposure to this 
long-lived isotope can be detrimental to humans for thousands of years. In addition, iodine forms different aqueous 
species, which are soluble and highly mobile in the groundwater system. Therefore, the goal of this study is to 
research the feasibility of immobilizing 129I within the crystalline structures of apatite. This abundant calcium 
phosphate mineral is known for its high trace elements uptake capacity. Primary experimentation was conducted in 
NaCl solutions with variable iodate concentration by placing a small amount of the mineral brushite, to act as a seed 
crystal to promote transformational apatite growth. Depending on the temperature (50-150°C) of the specific 
experimental series, samples were then placed within a flask stored in a heated water bath or within a Teflon capsule 
before transferring into an autoclave for experiments conducted above 100°C. After being left for approximately a 
month, small amounts of the remaining solution were collected, with the remaining crystals being collected by means 
of a filter connected to a large flask under vacuum. After a drying period, the resulting crystals were subjected to Xray 
diffraction analysis, the collected data was compared to pre-existing standards. Secondary experimentation is 
currently underway, wherein the durability of iodine-laden apatite is being evaluated in comparison to 
noniodinecontaining apatite by measuring the pH of an experimental solution containing each, respectively. This is 
being done to assess the long-term viability of apatite as a means to effectively encapsulate iodate. We anticipate 
presenting data on the rate of brushite to apatite transformation, and hence, iodate remediation. In perspective, 
subsurface geological repositories containing hazardous waste can be lined with apatite to better protect the water 
table from containment breaches.  
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Evaluating Soybean Leaf Temperature (SLT) Response to Heat and Drought Stress   
Soybean production in Mississippi contributes approximately 1.6 billion dollars annually to the state's economy. Heat 
and drought stress can significantly hinder growth in soybean plants, resulting in decreased pod yield, flowering, and 
biomass. Early detection of these stresses through physiological indicators such as surface leaf temperature (SLT) 
could improve crop management and mitigate negative impacts. Establishing the link between SLT and 
environmental stressors is important because it may facilitate automated stress detection using unmanned aerial and 
ground vehicles (UAVs/UGVs). This study aimed to quantify SLT differences from heat and drought stresses in three 
different soybean genotypes. To this end, the SLT differences between soybean genotypes Williams 82, DT97-4290, 
and DS251 were evaluated while being subjected to heat (36°C), drought (50% of control evapotranspiration (ET)), 
and combined heat and drought stresses. There were also control treatments for each genotype which were kept at 
an optimal temperature of 30°C and 100% ET. A total of 140 plants per genotype were split across two greenhouses 
(36°C and 30°C) to simulate heat stress. Within each greenhouse, there is a four-quadrant irrigation system, with two 
quadrants simulating drought and two serving as control. The SLT of the newest mature leaf was measured every 
three to five days (weather permitting) between 11:00 AM and 4:00 PM using the Fluke Thermocouple Thermometer. 
Measurements were taken from seven to eight plants of each genotype across the four treatments. Preliminary results 
show that plants under heat and combined heat and drought stress had an approximate 17% increase in SLT 
compared to plants under drought stress and control. Currently, there is little variation in SLT between the control 
and drought stressed plants and between heat stressed soybeans and soybeans under combined heat and drought 
stress. Data gathered from this study will support the development of automated stress detection platforms.   
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Soybean Response to Heat Stress at Flowering: Physiological and Morphological Alterations   
Flowering is a crucial phase in crop development that is susceptible to abiotic stress, including heat stress, affecting 
both yield and productivity. When daytime temperatures exceed the optimal temperature of 30°C for several 
consecutive days during the reproductive phase, flower and pod abortion can occur, resulting in yield losses. To 
evaluate the impact of future soybean growing conditions compared to current conditions, three genotypes (DS25-1, 
DT97-4290, and Williams 82) were exposed to optimal (30°C) and heat stress (36°C) conditions during peak flowering 
(R2) for 14 days. In this study, physiological parameters, tissue temperatures, and biomass were measured to explore 
the tolerance of these soybean genotypes to heat stress. Soybeans grown at 6°C above the control temperature (heat 
stress) showed a 16% increase in stomatal conductance and a 34% increase in transpiration rate. Despite these 
changes, leaf temperature rose by 2.4°C, and flower temperature increased by 4.2%, resulting in a 14.7% decrease in 
flower number compared to the control. Among the tested genotypes, DS25-1 maintained the highest flower number 
under heat stress. Heat stress also reduced source capacity, with leaf area and dry weight decreasing by more than 
20% across all genotypes. Overall, biomass declined by 22% in response to heat stress; however, DS25-1 retained 
higher biomass under heat stress than under control conditions, unlike the other two genotypes. These results are 
beneficial for future studies aimed at developing heat-tolerant soybean varieties.   
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Survey of decomposition products of ionic liquids at varying pyrolysis temperatures  
Ionic liquids (ILs) are salts that are distinguished by a typically bulky organic cation paired with an anion that can 
either be organic or inorganic and characterized by a melting point below 100°C. Their high thermal stability and low 
volatility properties make them attractive for a range of applications including spacecraft propulsion and as 
lubricants, solvents, and electrolytes. However, decomposition can occur at high temperatures, reducing effectiveness, 
contaminating processes, or releasing unknown products into the environment. Thus, it is important to understand 
the molecular nature of high-temperature decomposition products of ILs. This study focused on the thermal 
degradation of ILs analyzed using pyrolysis gas chromatography–mass spectrometry (pyrolysis GC-MS). Specifically, 
impact of the nature of the anion, the substituents of the cation, and the temperature of pyrolysis were investigated. 
Thus far, four ILs (1-(2-methoxyethyl)-3-methyl-imidazolium bis(trifluoromethylsulfonyl)imide, 1-(2-methoxyethyl)-
3methyl-imidazolium chloride, 1-butyl-3-vinylimidazolium bis(trifluoromethylsulfonyl)imide, and 1-butyl-
3vinylimidazolium chloride), were subjected to pyrolysis in the temperature range of 200-1000°C in increasing 
increments of 50°C. As known from previous literature, ILs containing bis(trifluoromethylsulfonyl)imide anion 
exhibited higher thermal stability (little to no detectable decomposition when T < 400 °C) than those with the 
chloride anion (with decomposition occurring at ~ 250 °C). Assignments of the chemical nature of the decomposition 
products are ongoing. These findings provide important insights into the practical use and lifecycle management of 
ILs.  
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Visual Analysis of Heat and Drought Stress Responses in Soybean Using Multispectral Imaging  
Mississippi’s extreme heat and intermittent drought conditions have left the state susceptible to crop loss in its 
topselling row crop – soybeans. Although phenotypic plasticity (i.e., the ability of one genotype to produce different 
phenotypes as a response to varying environmental conditions) can vary significantly by cultivar, previous studies 
reported that plants subjected to heat and drought stress tend to abort flowers and young pods and have closed 
stomata, high respiration with low photosynthesis, and high leaf temperatures. Furthermore, the combination of heat 
and drought stress can induce a decrease in stomatal conductance and transpiration and a rise in canopy 
temperature, which can stunt or halt plant growth. The objective of this study was to evaluate the use of multispectral 
imagery to detect stress responses in three soybean genotypes – William-82 , DT97-4290, and DS25-1 – grown in two 
greenhouses, one maintained at an optimal temperature of 30°C (control) and one subjected to heat conditions 
(36°C). Within each greenhouse, there were two irrigation treatments – a control at optimal evapotranspiration (ET) of 
100% and drought (50% ET of control). Every three to five days, data was collected from eight plants per genotype 
and stress treatment using multispectral imaging. The red, green, and blue (RGB) reflectance bands were analyzed 
and classified to identify different stressors. Preliminary results show that soybeans in the controlled environment 
absorb red (~670nm) and blue bands (~450nm) due to more chlorophyll, while the soybeans grown under heat and 
drought conditions absorbed less in the red and blue bands due to the breakdown of chlorophyll. The near infrared 
(NIR) reflectance is higher in the controlled environment when compared to soybeans subjected to heat and drought 
because soybeans grown under optimal conditions are filled with water and have a strong leaf structure.  
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Real-Time Segmentation Model for Vision-Language Navigation  
Vision-language navigation (VLN) is important for providing an interface for robot control, allowing agents to process 
natural language instructions and navigate environments. However, current image segmentation models for VLN such 
as Language-Driven Semantic Segmentation (LSeg) are slow and unable to provide object instance information. The 
objective of this research project is to utilize an effective segmentation model to create an instance-aware vision 
language map (VLMap) in real-time. To create the VLMaps, sensor data from the robot is acquired via color images, 
which is then fed into the segmentation model. The segmentation model outputs semantic labels and segmentation 
masks, which are accumulated into a 3D vision-language map. To determine a segmentation model, the 
performances of vision models such as LSeg, Segment Anything Model (SAM), Grounded-SAM, and YOLO-E are 
compared after parameter tuning and inference time optimization by down sampling resolution and frame skipping. 
Cybersecurity of the system is evaluated by identifying failure modes of the system such as incorrect object detection, 
lighting/shadow issues, train-test domain shift, adversarial inputs, or data poisoning. Experiments were performed 
using direct video feed from quadruped robots in a lab and corridor environment and on the ConSLAM dataset. 
Evaluation metrics for segmented image outputs included segmentation accuracy and inference time.  
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Identifying Obstacles to Professional Achievement Affecting Women in Architecture, and to Determine the  
Causes of High Attrition Rates in South Carolina   
This study aims to identify the obstacles to professional achievement for women in the field of architecture, with a 
focus on the critical period between graduation from an accredited program and obtaining professional licensure. In 
addition to universal challenges, architecture contains unique hurdles, such as the internship process; required 
licensing exams; and profession-specific barriers that contribute to high attrition rates. The original study (2006), 
centered on South Carolina, as traditional gender roles remain especially influential in the state. At the time of data 
collection, only 107 out of 975 licensed architects in the state (11%) were women, compared to a national rate of 20%. 
Survey responses identified multiple recurring challenges such as gender bias, family responsibilities, and firm culture. 
These issues have led some women to leave traditional firms entirely or pursue sole practice to navigate systemic 
challenges more effectively. Building on this work, the research now incorporates two additional data sets collected in 
2019 and 2023. These expanded data sets allow for a broader analysis of trends over time, as well as a chance to 
explore whether these challenges have shifted or remained consistent. While the analysis is ongoing, our goal is to 
trace emerging themes and contribute a longitudinal perspective to the conversation about gender equity in 
architecture.   
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Enantioselective Transfer Hydrogenation to Aryl Ketones Using a Chiral Monodentate Ligand–Ruthenium(II) 
Catalyst System  
Asymmetric hydrogen atom transfer (HAT) offers a powerful approach for the enantioselective reduction of ketones 
under mild and practical conditions. In this study, we investigate the catalytic performance of a ruthenium(II) 
pcymene complex paired with a newly developed neutral chiral monodentate ligand for the enantioselective transfer 
hydrogenation of aryl ketones. The active catalytic species is generated in situ, enabling efficient hydrogen transfer 
with isopropanol serving as both solvent and hydrogen donor. X-ray crystallographic analysis confirms that 
coordination occurs at the N3 position of the benzimidazole ring within the ligand. The use of a monodentate ligand 
in this system provides a significant advantage over traditional bidentate ligands (such as BINAP or BOX), offering 
greater flexibility around the metal center. This increased modularity enhances substrate compatibility and allows for 
fine-tuning of enantioselectivity through steric and electronic modifications of the single donor arm. Preliminary 
results show promising enantioselectivity, with enantiomeric ratios (er) of up to 88:12 achieved in the reduction of 
acetophenone. These findings highlight the potential of this ruthenium-based system as a versatile platform for 
asymmetric catalysis.  
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Finite Element Methods with Anderson Acceleration and its Application to Image Denoising   
Image denoising is an important computational tool with applications in the medical, material science, and defense 
fields where CT-scans have a lot of noise that degrades quality and clearness. While there are several methods of 
solving image denoising problems, the one we focused on is total variation where we solve a difficult nonlinear 
partial differential equation that minimizes noise. There are also many numerical methods to find an approximate 
solution to this nonlinear partial differential equation, but the one we focus on is the finite element method. In 
addition, we used a fixed-point iteration method to handle the nonlinearity and obtain convergence. But the main 
problem arises in the number of iterations needed to achieve convergence due to the complexity of the nonlinear 
equations. So, we propose implementing Anderson Acceleration to speed up the fixed-point iteration method. In 
addition, we propose adding length and angle filtering to Anderson Acceleration to reduce redundant data and 
get convergence quicker. We used MATLAB along with FELICTY: Finite Element Implementation and Computational 
Interface Tool for You toolbox to execute the computations.   
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Bankrupting Attackers in Skips Graphs  
We address the challenge of defending skip graphs against an adversary who aims to disrupt routing efficiency. Our 
approach leverages resource burning (RB) -- the verifiable expenditure of network resources -- for each skip graph 
insertion. By carefully calibrating RB costs, our algorithm mitigates the impact of attacks on routing performance. 
Under significant adversarial attacks, our defense incurs an asymptotic cost significantly lower than that of the 
adversary, with preliminary simulation results validating these efficiency gains.   
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From Sensors to Safety: Developing an AI-Integrated Next-Gen Smart Helmet for Construction Sites  
This research presents the development of a smart helmet prototype designed to enhance construction worker safety 
by integrating Internet of Things (IoT) and Artificial Intelligence (AI) technologies. The helmet is equipped with 
advanced sensors including proximity and gyroscope modules for real-time monitoring of site hazards. AI algorithms, 
utilizing supervised and deep reinforcement learning, process sensor data to predict potential hazards and deliver 
proactive safety alerts. Augmented reality (AR) interfaces provide on-site safety guidance, while virtual reality (VR) 
modules offer immersive safety training experiences. The project aims to deliver a data-driven solution to minimize 
workplace accidents and improve safety protocols in construction environments. The undergraduate student 
contributed to AR/VR module development, gaining hands-on experience in cutting-edge modeling technology. This 
research aims to advance the implementation of smart safety solutions in the construction industry. Ultimately, this 
research will help reduce workplace injuries, improve safety training effectiveness, and promote the adoption of 
innovative technologies for safer construction environments.  
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FedCondGAN: A Novel Architecture for Class-Conditional Data Generation in Privacy-Sensitive Federated 
Settings  
Generative Adversarial Networks (GANs) are widely used for producing realistic synthetic data, and their conditional 
variant (cGANs) allows generation to be guided by class labels or attributes. Meanwhile, federated learning enables 
collaborative model training across decentralized datasets without exposing sensitive data. Although previous efforts 
have combined GANs with federated learning, such as federated conditional GANs and split-role FedGANs, no 
existing method, to our knowledge, integrates conditional generation with a clear separation of roles between client 
and server, nor uses it to sample from specific regions of non-IID data distributions selectively. To address this gap, 
we introduce FedCondGAN, a novel architecture where clients train discriminators on locally labeled data while a 
central server trains a class-conditional generator. This approach preserves label privacy, reduces client-side 
computation, and supports high-quality, class-controlled data synthesis at the server. We detail the theoretical 
framework and training algorithm for FedCondGAN and explore its potential for scalable, privacy-preserving 
generative modeling in federated settings.  
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Augmenting Human Dexterity Through Contactless Human-Robot Interaction  
Collaborative robots are increasingly used in high-risk environments such as advanced manufacturing, where human 
presence may be hazardous, and full robotic autonomy remains limited. In such scenarios, humans provide high-level 
decision-making while robots execute physical tasks requiring strength and precision. Despite the growing presence 
of over 4.2 million robots operating alongside humans globally, achieving smooth, reliable, and dexterous interaction 
remains a significant challenge. This project explores contactless control methods for a Universal Robots (UR) robotic 
arm using visual input, with a focus on usability and intuitive interaction. The system was developed in stages, 
beginning with discrete gesture recognition, progressing to continuous 2D hand tracking, and culminating in a 3D 
motion feedback system using dual-camera input. The robot was tested under various control schemes, including 
real-time joint control, real-time position control, and predefined point-to-point movement. While real-time position 
control offered simplicity, it lacked orientation control of the gripper, resulting in non-intuitive motion. To address 
this, orientation data derived from hand knuckle landmarks was integrated. However, inaccuracies in hand tracking 
occasionally caused unpredictable behavior. Joint control provided more precise motion but introduced latency and 
required repeated gesture inputs for consistent operation. Attempts to incorporate roll, pitch, and yaw in position 
control were limited by joint constraints. Ultimately, integrating spherical linear interpolation (slerp)—a method of 
interpolating between the current orientation of the tool and the goal orientation of the tool on a sphere—enabled 
smoother and more consistent orientation transitions. Limitations of vision-based control include dependence on 
camera positioning and susceptibility to background interference. Future work will compare this approach with 
alternative interfaces, including inertial (IMU), electromyographic (EMG), and AI-assisted input methods such as voice 
and text, to enhance the adaptability and reliability of human-robot collaboration systems.   
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Does Ubiquitin activate Ddi2 in trans?  
The Ubiquitin Proteasome Pathway (UPP) is a crucial homeostatic process responsible for degrading cytotoxic 
proteins that have been tagged with the protein ubiquitin. While ubiquitin is key to maintaining proteostasis and 
cellular efficacy, it potentially yields adverse effects when paired with the protein DNA damage-inducible 1 homolog 
2 (Ddi2). Ddi2 is a known shuttling factor for the proteasome, but its morphology depicts a retroviral protease 
domain strikingly similar in structure to that of HIV. Its protease domain potentially has implications for creating 
immunosuppressive microenvironments for cancer cells. Cancer cells exhibit high levels of cellular stress due to 
various mutations that cause impairment in proteasome function and production.  During proteasome impairment, 
transcription factor Nrf1 is activated by Ddi2-dependent cleavage at a specific sequence motif, triggering proteasome 
production. Increased proteasome production may excessively extract MHC-1 molecules for degradation. Inhibiting 
Ddi2 may increase MHC-1 viability, thereby enhancing antigen presentation. We hypothesized that this 
Ddi2dependent phenomenon may be facilitated by the allosteric regulation of Ddi2 by ubiquitin. Ubiquitin may bind 
to the Ddi2 allosteric site in trans, promoting the activation of its protease function. This study aims to test whether 
ubiquitin chains activate Ddi2 in trans and how this protease functions, requiring the recombinant expression and 
purification of 11 to 12 proteins. Ddi2 and the proteins associated with this process will be purified from BL21 E. coli 
and S. cerevisiae.  Proteins were purified by using the ÄKTA Pure chromatography system to isolate the desired 
proteins from a complex mixture. Results indicate high concentrations of purified proteins that can later be used in 
enzymatic assays to test Ddi2 activity.  
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Fractal and Multifractal and Fractal Distributions of Bone Tissue Characterizations and AI Model to Ensemble 
Statistical Interpretations  
We investigated the fractal and multifractal properties of bone tissue micrographs for the early detection of cancer. 
Bone cancer is rare and is most common in children and teens. Its symptoms are like those of other childhood 
disorders; therefore, it is commonly misdiagnosed. Conventional diagnostic methods often involve analyzing stained 
biopsy samples, which can be prone to human error and misdiagnosis.  
To address this, we introduced a physics-based diagnostic method involving fractal, multifractal, and fractal functional 
distribution analysis of bone optical microscopy micrographs to identify quantitative parameters linked to disease 
progression. Using optical microscopy, tissue microarray samples (TMA) can be analyzed for specific properties 
related to self-similarity and complex mass distribution; these properties change significantly with disease 
progression, leading to changes in their fractal dimensions, which is a measure of self-similarity or fractal properties. 
Our results demonstrate that fractal and multifractal parameters can effectively distinguish between healthy and 
cancerous bone tissues, as well as between different stages of cancer. Additionally, the images taken using optical 
microscopy for analysis are used to train an artificial intelligence (AI) model, aiding in efficient diagnosis. This 
multiparametric approach provides a robust statistical framework for differentiating between cancer stages and 
normal tissue, supporting the potential of physics-based methods in medical diagnostics.  
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Investigating Acoustic Emission Characteristics in Transverse Layer of CLT During Center Point Out-of-Plane 
Bending  
This study investigates the rolling shear failure of cross laminated timber (CLT) by using acoustic emission technology 
and ringing count data of three different species: southern yellow pine Pinus taeda, red oak Quercus rubra, and 
yellow poplar Liriodendron tulipifera. Acoustic emission is a series of tiny transient elastic waves generated by the 
rapid release of energy within a material when subjected to an internal or external force. Two different testing 
configurations were employed: steel-wood-steel (SWS) and wood-wood-wood (WWW). The SWS configuration was 
used to directly target the transverse layer, and the WWW was used to simulate the CLT panel. The acoustic activity 
was monitored during three-point bending tests by referencing ASTM D198 and ANSI/APA PRG 320-2025 standards. 
The ringing counts -vs- time graph could be categorized into three groups: “gentle period”, “steady period”, and 
“steep period”. These periods are directly related to the internal acoustic activity based on count rate. The findings 
showed that the steel-wood-steel configuration did not exhibit a clear trend in acoustic activity, while the woodwood-
wood configuration aligned more consistently with the three periods. When analyzing the species-specific data, on 
average yellow poplar showed more activity than red oak and southern yellow pine, but on average, the magnitude of 
each hit was greater in southern yellow pine. Minimal activity was detected from the metal plate region when tested 
separately, which proved that the acoustic activity was generated from the wood. Acoustic emission technology 
proved effective in correlating the ringing counts to the failure mechanisms occurring in the transverse layer of CLT, 
demonstrating the potential for monitoring structural integrity of engineered wood products.  
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Name: Williams, Maisy  
Major: Wildlife, Fisheries & Aqua - Bachelor of Science  
University: University of Tennessee  
Faculty Research Mentor: Ray Iglay, FWRC-Wildlife,Fisheries&Aquaculture 
Co-Author(s): Charla King  
Funding: NSF REU: NSF REU of Forestry  
Project Category: Biological and Life Sciences  

The Continued Effects of Wild Pig Activity on Wild Forest Ecosystems  
Wild pigs (Sus scrofa; hereafter pigs) have negatively impacted the landscape of the Southeastern United States for 
centuries. Previous studies regarding these impacts, however, are greatly limited in Mississippi. Damage caused by 
rooting and wallowing has been observed in agriculture and crop vegetation, but evidence is insufficient for native 
and wild vegetation. With a scarcity of significant empirical evidence of the damage caused by pigs to native plants, 
there is a lack of awareness of the long-term impact created by subsequent ecosystem damage. Therefore, we 
investigated the sustained effect pigs have exclusively on non-agricultural vegetation and, in turn, larger parts of the 
environment (i.e., hard and soft mast and food sources, hardwood seedling regeneration) to understand the effects of 
pig wallowing and rooting on understory plant composition. We evaluated 14 randomly selected clusters across the 
Sam D. Hamilton Noxubee National Wildlife Refuge, each with 3 exclosures and an open reference site. Exclosures 
encompassed wallows, rooting areas, and undisturbed areas with wire fencing to simulate pig eradication. Data 
collection included the evaluation of woody stem regeneration within exclosures, line transects of observed species, 
assessment of canopy cover and vegetation density, and basal area of surrounding overstory and midstory trees. 
Woody stem density and species composition varied moderately between exclosures, particularly between those on 
the East and West sides of Noxubee Refuge. Overstory density was similar between most exclosures, with an 
observed minimum of 95%. The general trend observed after years of data collection is a slow regeneration of native 
and nonnative vegetation in all exclosures, indicating a limited recovery of non-agricultural plants in areas with pig 
activity following eradication.  



78 

103.  
Name: Williams, Sophia  
Major: Biological Sciences - Bachelor of Science  
University: Rhodes College  
Faculty Research Mentor: Heidi Renninger, FWRC - Forestry 
Funding: NSF REU: EMRAF  
Project Category: Biological and Life Sciences  

Short-Term Drought Effects on the Physiological Functions of Populus deltoides  
Populus deltoides (eastern cottonwood) is a hardwood species utilized by U.S. commercial forestry services for the 
production of renewable bioproducts. The species grows rapidly and are native to North America, marking the plants 
the perfect candidate for short rotation biomass growth in the U.S. As climate change increases the severity of 
drought events in the United States, it is crucial to understand the impacts of these events on bioproduct production 
such as from P. deltoides. This study aims to assess the impact of drought on the physiological functioning of 
differing P. deltoides genotypes. Four unique genotypes were droughted, having traits for either high-biomass or 
low-biomass production. Trees within all genotypes were droughted to determine if different biomass production 
categories differ significantly in terms of drought tolerance. These genotypes were exposed to a controlled drought 
period, with physiological traits assessed mid-treatment. The variables measured during the experiment include 
photosynthetic capacity traits estimated through A/Ci curves, leaf mass per area (LMA), and stomatal density and size 
using leaf imaging. I hypothesized that low-biomass P. deltoides genotypes will display higher drought tolerance than 
high-biomass P. deltoides, seen through smaller decreases in the photosynthetic metrics measured-mid treatment 
between droughted and control groups of the low-biomass genotype. Results show no significant difference in 
drought response between high-biomass and low-biomass genotypes. However, drought significantly impacted 
photosynthetic capacity across all genotypes, with photosynthesis rates 69% higher in control trees compared to 
drought-treated trees. This indicates that drought reduced physiological functioning, however the treatment duration 
was likely not long enough to detect different genotype responses, suggesting that short-term drought stress 
impacts all genotypes similarly.  The results of this study contribute to understanding physiological drought 
responses in P. deltoides and inform future crop improvement and hybrid breeding strategies directed towards 
increasing climate tolerance in bioenergy crops.   
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46. 
Name: Wilson, Tetevi  
Major: Computer Science - Bachelor of Science  
University: University of Maryland Baltimore County  
Faculty Research Mentor: Vini Chaudhary, Computer Science and Engineering 
Co-Author(s): Madan Baduwal, Robert Pope II  
Funding: NSF REU: Undergraduate Research in Cybersecurity REU  
Project Category: Engineering  

Privacy-Preservation of Telecom Signals  
Wireless communication channels are becoming more susceptible to disruptive methods like Direct Sequence Spread 
Spectrum (DSSS), which involves hard-to-detect underlay signals overlapping with high-power baseline transmissions. 
Here, we present a modified ResNet-50 incorporated with a privacy-preserving deep learning architecture to identify 
jamming behavior from cellular spectrogram signals. We were able to classify signals as either regular Long-Term 
Evolution (LTE) or those that happen in the form of jamming because of the interference of Direct Sequence Spread 
Spectrum (DSSS) transmissions. This classification was performed within a privacy-preserving framework, ensuring 
data security while incurring only a reasonable trade-off in classification accuracy. Our method uses spectrograms as 
RGB images, where each channel captures important frequency-time information to support visual classification using 
a marginally adapted ResNet-50 convolutional neural network. To avoid compromising leakage of personal signal 
data during centralized training, we apply Differential Privacy (DP) to the training process. DP operations such as 
gradient clipping and noise injection are performed on the server side to prevent exposure of single client 
information from aggregated model updates. Empirical findings indicate that introducing DP incurs a performance 
cost, reducing classification accuracy from 98.0% to 70.5%, but provides a robust privacy guarantee with ε = 3.28 and 
δ = 1e-5. In this context, ε (epsilon) measures the maximum potential privacy loss where lower values indicate 
stronger privacy while δ (delta) is the very small probability that the privacy guarantee may fail. The cost is the 
feasibility of balancing model utility and robust data privacy. The research confirms the effectiveness of using visual 
signal representation, deep learning, and formal privacy techniques for wireless signal anomaly detection and 
ensuring data privacy in privacy-critical applications.  
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Name: Xie, Laurina  
Major: Environmental Sci in Ag System - Bachelor of Science  
University: Barnard College  
Faculty Research Mentor: Tim Schauwecker, Landscape Architecture  
Co-Author(s): Todd Mlsna, Bailey Bullard  
Funding: NSF REU Award #2150130 – Environmental Focus in Food, Energy, and Water Security 
Project Category: Physical Sciences  

Assessing Phosphate Absorbance Capability of Engineered Biochar  
Stormwater runoff containing phosphorus, a limiting nutrient for plant growth, can lead to excess algal growth, anoxic 
conditions, and serious damage to aquatic ecosystems. As such, it is imperative that we find effective ways to manage 
excessive phosphorus--specifically in its naturally occurring form, phosphate---to maintain ecosystem health. Biochar, 
a co-product of biomass pyrolysis, has been found to be effective at absorbing organic and inorganic pollutants when 
engineered and provides a potential low-cost tool for phosphorus remediation. This study uses Douglas fir biochar 
treated with a metal salt solution (FeCl3 and MgSO4) and KOH to create layered double hydroxides on their surface, 
making the biochar capable of retaining phosphate ions through anion exchange. This layered double hydroxide 
biochar (LDHBC) was used in the 2021 construction of six bioreactors along a tributary of Catalpa Creek in Starkville 
MS, which have been sampled yearly since establishment and analyzed for phosphate concentrations and potential 
phosphate capacity. Previous years’ results showed the bioreactors could successfully uptake phosphorus, with the 
bioreactors reaching their peak phosphate concentrations in their second year and their concentrations dropping by 
the third year. The 2025 samples follow this downward trend, with the analyzed biochar having not only lower 
phosphate concentrations but also lower phosphate capacity. This trend correlates with the observed degradation in 
the biochar’s LDH structures over time, as captured by scanning electron microscope (SEM) images of the biochar. 
Leaching, plant uptake of phosphate have been identified as other possible reasons for the decline in phosphate 
concentrations, but further testing will be conducted to better understand how much they influence phosphate 
concentrations.  
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Name: Yamagowni, Hasini  
Major: Biochemistry - Bachelor of Science  
Faculty Research Mentor: Russell L Carr, Department of Comparative Bio Scien  
Co-Author(s): Shirley X Guo-Ross, Hayden M Anderson, Anna Marie Clay, Lexi J Holdiness, Kendall N McKinnon 
Funding: Bridges to Baccalaureate  

Project Category: Biological and Life Sciences  

Anti-Inflammatory Effects of a Novel Nasal Therapeutic in Traumatic Brain Injury  
Traumatic brain injury (TBI) is a significant public health concern in the United States, with at least 64 million adults 
reporting having experienced one or more TBIs in their lifetime and 2.9 million TBI-related emergency department 
visits occurring annually. TBI often results from forceful blows or whiplash that induce brain damage, leading to 
inflammation that exacerbates the damage. Our laboratory is focused on the development of therapeutics to treat 
TBI. Previously, we observed that intranasal administration of a novel therapeutic reduced markers of brain damage 
following TBI. Since inflammation plays an important role in the induction of damage, this study investigated the 
effect of differing impact levels [1.0, 1.5, 2.0, and 2.5 joules (J)] on the expression of the pro-inflammatory cytokines 
IL-1β, IL-6, and TNF-α. Rats were administered the impact levels, samples were collected at 6 hours post-impact, and 
expression was determined using qPCR. All impact levels increased the expression of IL-1β and TNF-α, but the 
differences were not statistically significant. While the expression of IL-6 also increased with all impact levels, the two 
higher impacts induced statistically significant results. A single administration of the therapeutic 30-min post-impact 
reduced the increased cytokine expression in rats subjected to the 2.0J impact. Overall, this study further 
demonstrates the potential of our novel therapeutic in reducing the adverse consequences of TBI.   

47. 
Name: Youngblood, Mason  
Major: Biomedical Engineering - Bachelor of Science  
Faculty Research Mentor: Steve Elder, Ag & Bio Engineering 
Funding: NIH R15 (Elder)  
Project Category: Engineering  

An approach to sustained, intra-articular delivery of punicalagin for the treatment of osteoarthritis  
Osteoarthritis is a prevalent joint disease for which there are currently no disease modifying drugs. Punicalagin is a 
drug derived from pomegranates, and it is known for its antioxidant and anti-inflammatory properties. There is 
evidence to suggest that punicalagin maybe be a disease modifying osteoarthritis drug and we are investigating in 
situ forming implants as a means of delivering this drug in a joint. This research focuses on polymer-based implants 
when formulation parameters, including solvent and polymer ratios, are modified to evaluate their influence on 
sustained drug release. For implant formation, formulations were prepared and pipetted into aqueous solution. This 
formed solid implants where the amount of drug released from them could be determined by spectrophotometry. 
The implant formulations consisted of biodegradable polymers, PLGA and PCL, and multiple solvents; dioxane, NMP, 
and benzyl benzoate. Preliminary data indicates that PLGA-based formulations provide more consistent and 
controlled drug release compared to those using only PCL. Further data suggest that the higher the molecular weight 
of PLGA, the slower the drug release is over time. The data also shows that Benzyl Benzoate drastically reduces the 
amount of drug released from the implants. The possibility of making microparticles, created by emulsifying the 
formulations in sesame oil, was also explored because it is generally a less cytotoxic drug depot. Further tests will be 
done on solution syringeability. A secondary objective was to determine the effect of punicalagin on the production 
of pro-inflammatory cytokines by chondrocytes. Primary human chondrocytes were cultured and stimulated with 
alarmin S100A8 and treated with punicalagin. ELISAs were performed to quantify cytokines in the supernatant. 
Punicalagin was found to inhibit the production of IL-6 and IL-1ϐ in a dose dependent manner. Ongoing analysis is 
focused on refining polymer ratios to optimize the drug release over longer periods.  
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Name: Zhou, Kallen  
Major: Economics - A&S - Bachelor of Arts  
Faculty Research Mentor: Chris Snyder, Shackouls Honors College 
Project Category: Social Sciences  

Late-Stage Capitalism, Consumerism, and Competing Values in Higher Education: A Morphogenetic Analysis 
Facing widespread student disengagement and dissatisfaction, U.S. higher education is facing a paradigm shift that 
detaches from its civic and pedagogical origins. A key force that contributes to this transformation is the rise of 
student consumerism. Currently, existing literature documents the market driven actions adopted by higher 
education institutions (HEIs) and the consumer roles that students play, these analyses overlook the effect of 
structural market forces. Specifically, there is little theorization on the relationship between late-stage capitalism and 
student consumerism. This project addresses that gap in a two-fold method. First, this essay offers a comprehensive 
historical analysis of the traditional university model, late-stage capitalism and the rise of academic capitalism, and 
the decline of the liberal arts, offering an overview on the potential dynamics responsible for the trends seen today. 
Second, this project develops a conceptual contribution understanding the connection between Fredric Jameson’s 
interpretation of late-stage capitalism and student consumerism through Archer’s Morphogenetic Sequence, 
developing a causal, time-based conceptual framework. This analysis defined the relationship between late-stage 
capitalism and student consumerism, contending that current student consumerism is not a result of education policy 
or culture changes but as the result of structural changes known as late-stage capitalism. Through this theoretical 
model, this project contributes a novel conceptual understanding of how structural market forces shape student roles 
and institutional behaviors in U.S. higher education.  
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107.  
Name: Zhu, Rebecca  
Major: Kinesiology - Bachelor of Science  
University: Madison Central High School  
Faculty Research Mentor: Zhujun Pan, Department of Kinesiology 
Funding: ORED Undergraduate Research Program  
Project Category: Education  

Unimanual vs. Bimanual Drawing in Parkinson’s Disease: A Movement Analysis Approach  
Parkinson’s Disease (PD) is a progressive neurodegenerative disorder that affects nearly 1.1 million Americans, with 
numbers expected to rise as the population ages. Common motor symptoms of PD include tremors, muscular rigidity, 
bradykinesia (slowness of movement), and impaired balance. These motor impairments significantly impact patients' 
ability to perform everyday tasks, including fine motor activities such as handwriting. Studying handwriting and 
movement behaviors offers valuable insights into the progression of PD. Specific handwriting characteristics, such as 
reduced speed, pressure, and fluency, can serve as important markers of motor dysfunction and may aid in early 
diagnosis and disease monitoring. Movement analysis also helps detect subtle impairments that may not be visible or 
are too early to observe in clinical settings. In a previous study (Pan et al., 2023), we examined unimanual and 
bimanual drawing movements in healthy young adults using a digitizing tablet. Participants performed loop and 
spiral drawing tasks with one or both hands. Our findings showed that bimanual movements were slower and more 
synchronized but less curved compared to unimanual tasks, suggesting that bimanual coordination places higher 
demands on neural control mechanisms. Building on this, we propose applying the same experimental setup to two 
aging groups: healthy older adults and individuals with PD. By comparing their performance, we aim to investigate 
how PD, thus associated basal ganglia dysfunction, affects dominant vs. non-dominant hand performance and 
unimanual vs. bimanual coordination. Particular attention will be given to identifying which kinematic features (e.g., 
speed, curvature, timing, smoothness) are most disrupted in PD, especially during bimanual tasks, and why these 
impairments occur. This project aims to develop objective, movement-based assessments to better characterize 
motor deficits in PD and further understand the role of the basal ganglia in motor control.  
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Name: Addison, Kayden 

Major: Biochemistry - Bachelor of Science 

University: Manchester University 

Faculty Research Mentor: Nick Fitzkee, Chemistry 

Co-Author(s): Justin Lovett 

Funding: NSF REU Award #2150130 – Environmental Focus in Food, Energy, and Water Security

Project Category: Biological and Life Sciences 

 

Quantifying Protein Interactions with Polystyrene Microplastics 

Microplastics, with a diameter of 1-5,000 µm, are a significant environmental concern. High concentrations of microplastics in the human body negatively impact health, and recent studies have shown that significant microplastic contamination exists within oceanic and land ecosystems. Although microplastic pollution has drastically increased, little is known about the mechanisms by which microplastics disrupt biological systems. This study aims to investigate how microplastics can alter protein structure. We use dynamic light scattering (DLS) to quantify protein binding to micro- and nano- plastics and circular dichroism (CD) to characterize protein structural changes. Moreover, we explore NMR and fluorescence spectroscopy as tools for probing protein behavior. Preliminary studies reveal that protein-microplastic interactions are similar to protein-nanoparticle interactions, characterized by weak binding and structural perturbations. These experiments could potentially simplify studies of microplastics if polystyrene nanoparticles are found to be like polystyrene microplastics.
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Name: Albrecht, Grace 

Major: Environmental Sci in Ag System - Bachelor of Science 

University: Eckerd College 

Faculty Research Mentor: Courtney Siegert, FWRC - Forestry 

Funding: NSF REU: Forestry 

Project Category: Biological and Life Sciences 

 

Water Quality Analysis of Perennial and Intermittent Streams in the John W. Starr Memorial Forest  

Forested watersheds are where precipitation and naturally flowing water collect and move throughout a forest ecosystem within different types of water bodies, such as streams or rivers. The preservation of these watersheds is crucial for overall water quality, because it filters out pollutants and maintains the health of forests for aquatic and land organisms, as well as providing clean drinking water for people. This study examines water quality within the northern section of the John W. Starr Memorial Forest, managed by the College of Forest Resources, to assess how the forest helps maintain or improve water quality as perennial and intermittent streams flow through it. To address this, water samples were collected at five different locations and studied for water quality indicators, including total dissolved solids, dissolved oxygen, dissolved organic carbon, pH, electrical conductivity, nitrate, and ammonium. Preliminary results show that streams entering the forest had a DO of 6.49 ± 0.55 ppm, which was slightly higher than the streams within the property, which had a DO of 5.83 ± 0.26 ppm. Streams entering the forest had a nitrate of 0.056 +/- 0.007mg/L, which is lower than streams within which had a nitrate of 0.068 ± 0.008mg/L. Streams entering the forest had a pH of 7.12 ± 0.15, which is slightly higher than the pH of streams within the forest, at 6.90 ± 0.09. Streams entering the forest had a DOC of 15.9 ± 1.5 ppm, which is higher than streams within the forest with a DOC of 13.8 ± 0.9 ppm. The results suggest that water quality in Starr Forest improves or remains consistent as it flows through, highlighting the ability to achieve water quality standards in working forests.   

 

 

68. 

Name: Anderson, Eddie 

Major: Chemical Engineering - Bachelor of Science 

University: Howard University 

Faculty Research Mentor: Jason Street, FWRC-Sustainable Bioproducts 

Funding: NSF REU Award #2150130 – Environmental Focus in Food, Energy, and Water Securityans

Project Category: Biological and Life Sciences 

 

Effects of Particle Size and UV Irradiation on Industry-Specific Biochar for Methylene Blue Uptake, 

Incorporating Particle Distribution Model Via Camera-Based AI Analysis  

This study investigates the impact of particle size distribution and ultraviolet (UV) irradiation on industry-specific biochar to enhance its use as an adsorbent for the organic pollutant methylene blue.  Biochar's high porosity, large surface area, and low price have garnered attention in fields such as agriculture, materials, energy, and environment.  While biochar is known for its adsorption capabilities, the role of ultraviolet (UV) irradiation on industry-specific biochar for the uptake of methylene blue has yet to be investigated. In this study, biochar was obtained from a wood milling company as a byproduct of renewable biomass processing. Such char was modified under UV irradiation and used in batch sorption studies. These studies looked at the kinetics and equilibrium adsorption of methylene blue (MB) on different particle sizes of pristine biochar and UV-modified biochar. The kinetics and equilibrium performance of pristine and UV-irradiated biochar in adsorbing methylene blue were evaluated using Langmuir and Freundlich isotherm models, as well as pseudo-first and pseudo-second-order kinetic models. Biochar performance was compared with the performance of activated carbon, an analogous carbon-rich molecule, to gauge biochar's viability as a sustainable alternative. Notably, the study incorporates a novel approach by employing camera-based computations combined with artificial intelligence to create a model that can accurately predict the particle size and performance of specific biochars.  
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Name: Anderson, Kaitlyn 

Major: Data Science - Bachelor of Science 

University: University of Michigan 

Faculty Research Mentor: Tung-Lung Wu, Mathematics & Statistics 

Co-Author(s): Asanka Duwage 

Funding: NSF REU: Computational Methods with Applications in Materials Science 

Project Category: Physical Sciences 

 

Anomaly Detection in Material Images Using Scan Statistics 

Nanoproducts are a growing sector due to their unique properties and wide range of applications across industries. However, nanomaterial production is a complex process that requires a high degree of precision, making it challenging to ensure consistent quality at a large scale. Minor defects can significantly alter their functional properties and overall performance, making accurate detection of defects crucial for maintaining and controlling nanomaterial properties. To address these challenges, this project applies scan statistics to detect localized defects in scanning election microscope images of nanofibrous materials. We implemented both square and circular scanning windows of varying sizes to identify clusters in the images. By generating null distributions through permutation testing, we assessed the statistical significance of detected regions, leading to reliable identification of anomalies. For each image, we identified the most effective scan window by selecting the size that minimized the p-value, allowing us to adapt the detection process to the unique spatial features of each image and effectively address different types of anomalies. Overall, this approach provides a robust and adaptable method for automated anomaly detection, with the potential to enhance quality control in nanomaterial manufacturing.  

 





1. 

Name: Beall, Lizzy 

Major: Physics - Bachelor of Science 

University: Agnes Scott College 

Faculty Research Mentor: Eric Collins, HPC2 

Co-Author(s): Jacob Moore 

Funding: NSF REU: Computational Methods with Applications in Materials Science 

Project Category: Engineering 

 

Developing a Computational Pipeline for Microstructure-based Modelling with ExaCA and EVPFFT 

The microstructure of a metal determines its properties and by understanding the grains that make up that structure, we can predict the behavior of that material. However, it can be difficult and costly to view the microstructure of a metal, especially since the microstructure is highly dependent on the manufacturing history of the part. By computer generating the microstructure of a material, we can better understand its properties. Exascale Cellular Automata (ExaCA) can generate a microstructure for a metal sample given its thermal history and Elasto-Visco Plastic Fast Fourier Transforms (EVPFFT) can model the response of the crystals in a grain structure to deformation. The focus of this investigation is the development of a work method to use both of these programs, compare their fidelity to physical reality and create one script to automatically run both programs in sequence. First, the structure needs to be generated in ExaCA, which for simplicity is a 128x128x128 voxelized cube directionally cooled in the Z direction. The output is converted into an input file for EVPFFT using a python conversion script. Then EVPFFT is used to model that microstructure generated by ExaCA under different conditions, in this case, tension in the Z direction. Running both of these programs from one script can increase the efficiency of the process. This modelling pipeline can be used to generate high fidelity data to increase the accuracy of predictions based on the grain structure of a material and train reduced order models.   
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Name: Berry, Madelyn 

Major: Aerospace Engineering - Bachelor of Science 

Faculty Research Mentor: Han-Gyu Kim, Aerospace Engineering 

Co-Author(s): Taehee Lee 

Funding: Federal Aviation Administration (FAA) Award Number: G00003737 

Project Category: Engineering 

 

Comparison of Mode-II Interlaminar Fatigue Damage in Stitched and Unstitched End-Notched Flexure Composite Beams 

Composite materials are increasingly used in the development of advanced aircraft technology due to their lightweight and high strength characteristics. However, composite structures in modern aircraft, especially during high speed flight, are subjected to extreme environments. In these situations, intense vibrations induce cyclical loading on the composite, potentially leading to significant fatigue damage and, ultimately, mode-II interlaminar failure (failure due to in-plane shear stress). This research focuses on the use of out-of-plane stitches to improve the fatigue life of this failure mode and aims to characterize the damage progression observed during fatigue testing. To achieve this, end-notched flexure (ENF) test specimens were manufactured from resin infused carbon fiber, both with and without stitching. Using a three-point bending test fixture, the compliance calibration method was used to characterize the fracture energy of the specimens. Fatigue tests were then conducted under varying loading conditions using both force and displacement controls. Local analysis of crack propagation and separation development was conducted using digital image correlation (DIC) systems. Comparisons between the stitched and unstitched cases using fracture, stress, and crack propagation data were made to determine the impact out-of-plane stitches have on fatigue life in resin infused carbon fiber composites. 
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Name: Bhattarai, Prashant 

Major: Mechanical Engineering - Bachelor of Science 

Faculty Research Mentor: Haifeng Wang, Industrial and Systems Engineering 

Co-Author(s): Jason Street, Kevin Ragon, Christine Fortuin, Wenmeng Tian, Mohammad Marufuzzaman 

Funding: NSF REU: AI2F: Research and Extension Experiences for Undergraduates (REEU) in AI-enabled Industrial 

Solutions for Forest Products 

Project Category: Engineering 

 

Design and Prototyping of a Modular AI-Powered Field Device for Forest Monitoring Applications As AI technologies become increasingly accessible, their integration into field-deployable tools presents new opportunities for industrial and environmental monitoring. This project, part of the AI2F: Research and Extension Experiences for Undergraduates (REEU) in AI-enabled Industrial Solutions for Forest Products, focuses on the design and prototyping of a compact, AI-powered device for field data collection. The system integrates a Jetson Nano Developer Kit, a 7-inch HDMI touchscreen display, an embedded camera module, a detachable secondary camera, and a custom battery-powered enclosure. The project’s objective is to produce a portable, modular device capable of supporting real-time image processing and AI-based inference tasks in remote forest environments. The development process follows a design–test–refine cycle, beginning with computer-aided design (CAD) modeling using SolidWorks. Prototypes are fabricated using a PrusaXL 3D printer, enabling rapid iteration and functional testing of the physical enclosure and component integration. The methodology emphasizes iterative design grounded in usability, modularity, and durability for field deployment. Trial-and-error testing is used to evaluate enclosure fit, structural integrity, and ease of assembly.  
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Name: Bhattarai, Swarup 

Major: Electrical Engineering - Bachelor of Science 

Faculty Research Mentor: Jeff Winger, Physics & Astronomy 

Co-Author(s): Prajwal MohanMurthy, Swarup Bhattarai, Maruf Abubakar 

Funding: Shackouls Honors College Research Fellowship 

Project Category: Physical Sciences 

 

Simulating the β+ Decay Spectrum of 22Na 

The β+ decay of 22Na(3+), characterized by a Q-value of 1568.79 keV and a dominant transition (99.944%) to the 2+ state of 22Ne, which itself promptly decays to 0+ state via an E2 transition, offers a platform for probing physics beyond the Standard Model. In particular, the Fierz interference term b, which modifies the shape of the β spectrum and is sensitive to exotic scalar or tensor couplings, remains poorly constrained. The last measurement of b in 22Na dates to the 1960s and suffers from underestimated systematic uncertainties. The 1960s measurement remains a key input into the CKM matrix element V_ud estimate from a global analysis of 0+ → 0+ beta decays. 

We performed a series of high-resolution simulations of the 22Na β+ decay spectrum using the Beta Spectrum Generator (BSG), incorporating relativistic kinematics, phase space factors, and shape corrections for values of b up to its projected sensitivity. The simulations also account for beta-electron asymmetry and the neutrino-electron correlation. Special attention was given to modifications of the β+ spectrum introduced by background contributions from 7Be and 3H. The positron spectra were computed with 10 eV energy steps to resolve fine features, and we propagated statistical uncertainties through normalization and spectrum analysis. Our goal is to characterize how variations in b affect the spectrum shape, particularly in the low-energy region where the Fierz term contributes most significantly. This simulation effort is part of a study toward a future experimental re-measurement of the 22Na β+ spectrum, using an embedded-source technique in a high-purity Germanium semiconductor detector. While experimental planning are ongoing, this work establishes a foundation for assessing the spectral sensitivity to b and refining the design criteria needed to reach a sensitivity of b < 0.01 (90% C.L.). 
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Name: Blanchard, Erin 

Major: Biochemistry - Bachelor of Science 

Faculty Research Mentor: Carrie Vance, Biochemistry Nutrition Health Promo 

Funding: College of Agriculture and Life Sciences URSP Project Category: Biological and Life Sciences 

 

Developing Diagnosis Tool for Bovine Respiratory Syncytial Virus through Near Infrared Spectroscopy  

Bovine Respiratory Syncytial Virus (BRSV) is a major contributor to Bovine Respiratory Disease (BRD), a disease complex of respiratory infections responsible for severe economic losses in the cattle industry every year. BRSV primarily targets the lower respiratory tract and can cause a wide variety of both subclinical and clinical signs. Clinical signs include fever, nasal and ocular discharge, labored respiratory rate, and interstitial pneumonia, making it difficult to identify without further testing. For this study, an infection gradient was created by infecting calves with increasing dosages of BRSV. A total of 22 calves were transported one week after birth and raised in research pens at Mississippi State University. At approximately 12 weeks of age, calves were randomly split into 4 groups and challenged with 10*3, 10*4, and 10*5 TCID50 units of BRSV via aerosol, establishing a low, medium, and high dose respectively. The control was nebulized with cell culture medium. Following the challenge, clinical signs, blood (separated into serum and plasma), nasal secretions, breath condensate, and saliva were collected daily for 14 days. Spectra of serum were collected using ASD FieldSpec 3 and ADS FieldSpec 4 near-infrared spectrometers. Serum spectra were recorded in 500-2048 nm, using 1 mm quartz cuvettes as the container. Analysis of the serum spectra is currently underway using multivariate analysis and machine learning methods with the objective of developing a robust algorithm for detection of BRSV as early as possible, offering a non-invasive alternative to current BRSV diagnosis methods. 
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Magnetohydrodynamic Thermo-Chemical Nonequilibrium Impact on a Highly Hypersonic Blunt Body Re-entry Vehicle 

The survivability of re-entry vehicles remains a significant challenge due to the intense aerothermodynamic interactions encountered during highly hypersonic atmospheric descent. Consequently, thermal protection systems (TPS) are commonly employed to mitigate these effects. In the previous decade, the study of an alternative TPS utilizing magnetohydrodynamic (MHD) physics has regained interest. For highly compressible flows, MHD systems exploit the coupling between weakly ionized plasma and magnetic fields to reduce surface heat transfer. A condition of highly hypersonic flow described as thermo-chemical non-equilibrium is included to highlight the importance of high-fidelity reaction models for predicting aerothermal fluxes with MHD effects. The open-source computational fluid dynamics (CFD) solver extension, hyStrath-OpenFOAM, is employed to explore MHD thermo-chemical nonequilibrium effects on a blunt body re-entry vehicle. The study evaluates the impact on aerothermal quantities with the incorporation of 11-specie chemical kinetics, Park’s two-temperature model, and Gupta’s 1989 collision data. Quasi-ideal MHD conditions are assumed, defined by a low magnetic Reynolds number, an electrically isolated wall, and a uniform magnetic field. The NASA Mars Science Laboratory (MSL) capsule is considered for the computational domain. Literature shows that the integration of a non-equilibrium model will result in more precise heat mitigation, and MHD systems tend to reduce heat transfer due to the generated Lorentz forces. Overall, accurate modeling of translational-vibrational thermal coupling and quasi-ideal MHD effects can lead to an increase in shock standoff distance, yielding heat flux reduction. Experimentation coaligned with these results as heat flux values decreased along the vehicle body compared to non-reacting MHD tests. Additionally, an increase in shock standoff distance was observed as expected. This study exemplifies the capability of a supplementary re-entry TPS that utilizes MHD interactions with thermo-chemical reactions to reduce overall vehicle surface temperature. 
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Effects of Water Absorption on the Mechanical and Geometrical Behavior of FFF 3D Printed ULTEM 1010  Fused Filament Fabrication (FFF) 3D printing is a widely used additive manufacturing technique where thermoplastic filament is extruded to produce parts layer by layer. This method is valued for its speed and cost effectiveness when compared to traditional manufacturing methods such as CNC milling, casting, and injection molding. ULTEM 1010 is heavily favored in aerospace and marine applications for its strength, thermal stability, and chemical resistance. However, FFF-printed ULTEM 1010 is primarily limited to prototyping as it is anisotropic in nature. This inherent issue with FFF-printed parts generates uncertainty around most of the material’s mechanical behavior. A critical aspect is ULTEM 1010’s hygroscopic nature, which is further heightened by pores introduced via FFF-printing. Despite ULTEM 1010’s high strength and good thermal, electrical, and chemical properties, a lack of information regarding its response to water exposure limits the material. In this study, 3D printed ULTEM 1010 tensile specimens were exposed to open air, deionized water, and 3.5% saltwater for 5 days to simulate rain and marine environments. Specimens were weighed to assess moisture absorption, measured for dimensional change, and their tensile strength tested in accordance with ASTM D638. After tensile testing, the specimens were placed under a microscope to examine their surface finish and failure mode. This study seeks to quantify the impact of short-term water exposure on some of the mechanical properties of FFF-printed ULTEM 1010 to give more insight into potential use beyond prototyping.   
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TraceableLM: A Transformer-Based Language Model for Teaching and Scholarship 

We present the design and implementation of a miniature transformer-based language model, TraceableLM, built from first principles in PyTorch. Our goal is to empower an academic researcher or student in any discipline to experiment with an AI language model trained on a known corpus of text. Our pipeline begins with a custom regex-based tokenizer that splits raw text into words and punctuation, constructs a frequency-filtered vocabulary with out-of-vocabulary tokens, and converts sequences of tokens into integer IDs. We then implement the core transformer components—including multi-head self-attention, residual connections, layer normalization, and feed-forward networks—to form a stackable “TransformerBlock.” TraceableLM integrates learned token and positional embeddings, multiple transformer layers, and a final linear head to predict the next token in a sequence. We demonstrate end-to-end pretraining on both a small public-domain short story and the larger WikiText-2 corpus. Our training procedure uses sliding-window batching, AdamW optimization, and cross-entropy loss, achieving validation perplexities in line with expectations for models of this scale. We also explore sampling strategies (greedy, temperature, top-k) to generate coherent continuations. This project provides a hands-on educational framework for understanding the internals of large language models, from data preprocessing through generation. All code and documentation are publicly available on GitHub, enabling further experimentation with subword tokenization, hyperparameter tuning, and downstream fine-tuning tasks. 
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Deep Learning Implementation for Wood Chips Weathering Duration Detection 

Wood, when exposed to outdoor environments, undergoes weathering—a natural process that alters its surface properties, appearance, and potentially its structural performance. Understanding how long it takes for these changes to occur is important for assessing material durability and guiding treatment or usage decisions. However, traditional methods for tracking weathering are time-consuming, often relying on long-term exposure studies and subjective visual inspection. This project explores the use of transfer learning – a machine learning technique that builds on pre-trained image classification models—to predict the weathering period of wood chips based on visual data. A dataset of wood chip images was collected under controlled weathering conditions, and their images were taken; later, these data will be used to train a model to identify patterns that correspond to different exposure durations. These patterns may include color changes, surface roughness, or other textural features that emerge over time. By leveraging existing deep learning models and fine-tuning them on this specialized dataset, a system will be developed that estimates how long a wood sample has been exposed to outdoor conditions. This project will use deep learning to create a faster and more scalable way to assess wood weathering, supporting more accessible and data-driven research in wood science. 
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Vision-language navigation for quadruped robots 

Quadruped robots offer enhanced mobility capabilities, such as lateral movement and the ability to navigate complex or uneven terrain. However, controlling these robots remains a challenge for non-technical users. Vision-language navigation aims to bridge this gap by enabling natural language commands to guide robot behavior, using its vision system. This research introduces a vision-language navigation system designed for to help navigate a quadruped robot using natural language prompts, and real-time environmental feedback provided by stereo camera imagery and accumulated 3D point clouds. Sensor data from the robot is acquired through color and depth images obtained from the stereo vision system. This sensor data is used to construct a 3D map by accumulating point cloud data. Semantic information is added by projecting labeled object predictions from YOLO-E onto the 3D map. The current position and orientation of the robot is obtained through Simultaneous Localization and Mapping (SLAM). When a user provides a language prompt, the system identifies the closest matching object in the 3D map. Once the navigation target is identified, the robot then is programmed to move towards the target while avoiding obstacles and navigating its environment using the constructed 3D map The robot is guided by high-level linear and angular velocity commands sent to the control API. Cybersecurity of the system is evaluated by identifying failure modes of the system such as incorrect object detection, localization errors, moving objects, insecure network, or adversarial prompts. The system was tested in both a controlled lab setting and hallway environments in Butler Hall, featuring real-world obstacles such as furniture, people, and doorways. These tests demonstrate the effectiveness of using vision-language interfaces for intuitive robot control in navigating a real-world environment. 

9.

Name: Chowdhury, Maisha 

Major: Computer Science - Bachelor of Science 

University: Iowa State University 

Faculty Research Mentor: Asad Malik, Electrical and Computer Engineering and Samee Khan, KSU 

Co-Author(s): Faiza Akram, Kaleb Love, Gabriella Dunne, Katherine Williams 

Funding: NSF REU: iEDGE (NSF Award #2348711) 

Project Category: Engineering 

 

Kernel-Aware Resource Allocation for Multi-Process LLM Inference on Constrained Edge Platforms 

Large Language Models (LLMs) are increasingly being deployed on edge platforms to enable lightweight, real-time natural language inferences. However, the constrained nature of such hardware poses significant challenges when running multiple concurrent LLM processes each with varying computational and memory demands, distinct latency sensitivities, and unpredictable runtime dynamics. We designed a kernel-level framework that enables efficient integration and scheduling of multiple LLM models on resource-constrained edge devices. Our framework extends the Linux kernel with LLM-aware scheduling primitives that track per-process characteristics such as request queue depth, memory footprint, and processing latency. These real-time metrics are used to dynamically allocate CPU cores and prioritize workloads, ensuring balanced resource distribution and minimizing contention. We conducted an extensive evaluation of our proposed framework on a Raspberry Pi 4 & 5 (8GB RAM) using a suite of LLMs (DeepSeek-R1:1.5b, Llama 3.2:3b, and Gemma 3:1b) deployed through the Ollama inference engine. Experiments were performed across two conditions: varying batch sizes (10, 20, 50, 100) and CPU core affinity (cores 0–3 vs. default scheduling). Earlier results show that CPU utilization consistently reached 97–99% across all runs, indicating the Raspberry Pi’s limited processing headroom even at lower loads. Memory usage increased with batch size, from ~69% at smaller batches to over 83% at higher ones, due to the models’ growing context windows.  The initial approach showed that latency per question decreased with larger batches, likely due to amortized initialization and better CPU usage. Core binding led to minor variations in performance, but default kernel scheduling proved more stable across workloads. After implementing our LLM-aware scheduler, results show that our scheduler significantly improves system responsiveness and throughput under concurrent load compared to the default Linux scheduler. This work demonstrates the potential of kernel-level AI-awareness in enabling scalable and efficient edgebased LLM inference. 
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FEA Analysis of Carbon Fiber Reinforced Polymer Composite Tape Springs 

Deployable space structures are structures designed to deploy from space after launch. This provides many challenges such as reliability, volume, and mass restrictions. Carbon fiber reinforced polymer (CFRP) composite tape springs are a type of deployable space structure that deploys through stored elastic strain energy. When bent, the tape spring stores elastic strain energy which allows the tape spring to initiate self-deployment through the release of this strain energy. Being composed of CFRPs also gives tape springs advantageous properties such as being lightweight, having high stiffness, and the elasticity which allows them to store energy. These properties make CFRP tape springs an excellent structural reinforcement candidate in the field of deployable space structures where low mass and reliable deployments are necessary. During folding and release, tape springs undergo complex non-linear behavior and sudden large deformations making their mechanics difficult to predict. This research presents a simulation of the folding and deployment mechanics of a CFRP tape spring through the finite element solver ABAQUS. It also examines the tape spring hinge, a different form of space deployable structure that functions similarly to tape springs, and future advances such as the inclusion of smart materials and using stitch composites. Being able to simulate the complex non-linear behavior of tape springs allows us to better understand the impact that parameters like material, shape, and rate of deformation have on deployment efficiency.  
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Computational Investigation of Substituent Effects on Zirconium Pincer Complexes via Density Functional Theory Methods 

Organic light-emitting diodes (OLEDs) have emerged as a promising technology for displays due to their high efficiency and superior color performance. The primary objective of this study was to investigate the tunability of zirconium carbene "pincer" complexes for potential use in OLED applications. Specifically, we aim to understand how changes in coordinated ligands and their substituents influence the electronic structure and spectral properties. A series of computational tests were conducted using density functional theory (DFT) to optimize the ground-state geometries and time-dependent density functional theory (TD-DFT) to optimize the excited-state geometries. TD-DFT calculations are also used to predict absorption and emission spectra. The effects of ligand variation and the simulated spectra will be discussed. 
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Noise Pollution and Fine-scale Urban Bird Communities 

The impact of noise pollution on urban bird communities has been a focus in cities and other large-scale areas of urbanization. Nonetheless, there is limited understanding of whether fine-scale urbanization, such as neighborhoods and college campuses, impacts bird behavior similarly. To test the changes in bird behavior, specifically area avoidance, birds were observed for ten minutes five days a week in four smaller locations across the Mississippi State University campus with varying sound influences, such as generators, construction, vehicles, and foot traffic. The minimum, maximum, and average sound levels in each area were recorded along with a point count collection of the varying bird species. The results of this experiment have shown that while some areas are either under constant noise intrusion or have sudden loud sounds, some bird species have adapted to the areas while others are avoidant, even if resources are plentiful. The results of this experiment support the hypothesis, but more research will be needed in the future. All in all, it is interesting to see how urban birds are adapting alongside people. Educating the public on the importance of bird conservation can also greatly benefit the surrounding bird populations and promote a healthier place to live for all.  
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Gene expression profile of the pheromone-related genes in the soybean looper, chrysodeixis includens 

The soybean looper, Chrysodeixis includens, is a significant agricultural pest in the southern United States, most renowned for causing extensive foliar damage to soybean plants and notable damage to other economically important crops such as corn, cotton, and sweet potato. Farmers have attempted to control this pest through the use of pesticide application. However, the soybean looper has become resistant to many of the pesticides available on the market today. Pheromone trapping can be an alternative method of combating this pest  to monitor the seasonal occurrence of the population in a species-specific way. This method involves the utilization of synthetic sex pheromones that mimic those naturally released by females to lure males into the traps in the field. These sex pheromones have been extensively studied in other moths such as the corn earworm, Helicoverpa zea, and were found to be regulated by two genes, the Pheromone Biosynthesis Activating Neuropeptide (PBAN) and its corresponding receptor (PBAN receptor). These two genes play key roles in the sex pheromone production and its releasing mechanism. Since pheromone trapping is a key component in the management of soybean loopers, it is essential to examine the PBAN and PBAN receptor genes in detail. In this study, the PBAN and PBAN receptor genes were sequenced, and their expression patterns were analyzed. Understanding the sex pheromone and how it is being regulated in soybean loopers may offer insight into pheromone production and lead to improved pest management strategies. 
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Quality of Service in Moving Target Defense 

Moving Target Defense (MTD) is a cybersecurity approach that improves system resilience by dynamically altering aspects of the system such as virtual IP addresses (vIPs), port numbers, or routing paths. While MTD is effective in decreasing attackers' ability to complete successful reconnaissance, it lacks in Quality of Service (QoS), particularly in disrupting UDP/TCP sessions. This is particularly detrimental for long-lasting connections, such as online services, industrial control systems, and cloud applications. Our research explores two different methods for enhancing session continuity while maintaining the benefits of MTD. The first algorithm focuses on session-aware vIP persistence, which is responsible for performing intelligent IP mutation while maintaining active session continuity. It inspects the list of active flows during a mutation cycle, and if a host is actively communicating, it does not get mutated. Idle hosts, however, receive new vIPs from a pool of currently unused vIPs. The second algorithm, graceful vIP release, introduces a grace period in which old and new vIPs can coexist. This allows sessions with old vIPs to conclude naturally while new sessions start with the new vIP. Once all session using the old vIPs expire, the old vIP is added back to the available vIPs pool, and the NAT mapping is removed. Together, these two approaches enhance the reliability of MTD, ensuring both network security and Quality of Service.  
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Breed-Specific Predisposition to Equine Recurrent Uveitis Within an Academic Institution Multi-Breed Teaching Herd 

Equine Recurrent Uveitis (ERU), an immune-mediated disease and the leading cause of blindness, affects up to 25% of the equine population. ERU has a well-established genetic predisposition in select horse breeds, however, research targeting a multi-breed population is limited. Therefore, the objective of the study was to investigate the prevalence of ERU across various horse breeds to examine the potential genetic predisposition within a population representing multiple breeds. The study looked at medical records of horses managed at the Mississippi Agricultural and Forestry Experiment Station Horse Unit. The facility managed annually between 70-80 horses with a total of 24 horses that included seven horse breeds treated for eye issues between 2003-2024, and of those, 19 horses were treated for eye conditions related to ERU. From the 19 identified, 4 were diagnosed with ERU after initial treatment. Breeds treated for either ERU or related conditions included Quarter Horse (47.4%), Paint (15.8%), Thoroughbred (15.8%), Appaloosa (10.5%), and other breeds (Arabian 5.3%, Pony 5.3%). Quarter Horses were disproportionately represented among the cases, indicating a potential genetic predisposition. Paints, Thoroughbreds, and Appaloosas were underrepresented; however, these breeds often share bloodlines with Quarter Horses, which may contribute to potential susceptibility to ERU, pending further pedigree analysis. The findings of this study highlight the essential role of preventative ophthalmic monitoring along with breed-specific genetic investigations in protecting ocular health across diverse equine populations. This study represents a foundation for advancement in understanding ERU across a broader spectrum of the population. While genetic studies have identified the LP allele as a risk factor for ERU in Appaloosas, studies identifying genomic loci and associated genetic testing specific to ERU in Quarter Horses are lacking. Understanding the genotype associated with this heritable disorder across different breeds will facilitate the application of genomic marker selection, reducing the incidences of ERU. 
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Projected and Observed Structural Changes in Managed Bottomland Hardwood Forests of the Lower Mississippi Alluvial Valley. 

Bottomland hardwood forests historically dominated the Mississippi Alluvial Valley, as well as the surrounding minor bottoms. However, land-type conversion to agriculture and few economic incentives to sustain and reestablish such forests have resulted in a major reduction in bottomland hardwood forests across this landscape. The lower economic importance of these forests also coincides with limited availability of mixed-species growth and yield models, which are increasingly being used for carbon market projections. The goal of this study is to evaluate the long-term changes in stand structure and growth and yield in bottomland hardwood forests. Specifically, we will use a 50-year permanent inventory dataset to 1) evaluate recorded changes in stand structure and species composition across a range of sites in the lower Mississippi Alluvial Valley and 2) analyze the accuracy of long-term, mixed-species stand projections using the Forest Vegetation Simulator (FVS).  We will present the results and discuss management implications, stand development patterns, and model performance for this unique forest type. 
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Analyzing the Soil Metabolomic Profiles Associated with Agrivoltaics  

Soil quality and optimization of land utilization are two of the most pressing issues within the agricultural industry. Repetitive farming of the same plots of land depletes the soil of key nutrients without replacement, inevitably leading to inadequate conditions for not only crops but also the microbial communities within the soil. The emergent field of agrivoltaics seeks to optimize land usage, as prime land for photovoltaic installations is often ideal for agricultural production as well. However, research investigating the impact of these solar panels on the microbial communities beneath them is currently lacking. To evaluate this matter, soil samples were taken from a system of vegetated grasslands with targeted sheep grazing containing plots of solar panels. There were three treatment groups: two control plots (no solar panels)—one with and one without sheep grazing—and plots with solar panels and grazing. Soil was taken from underneath the solar panel I-beam, at its midpoint, dripline, and between panels. Evaluation of the metabolomic profiles of these soil samples was conducted to evaluate the impact of solar panels on the microbial communities beneath them. 

 







74. 

Name: Dao, Thanh Tien 

Major: Biological Sciences - Bachelor of Science 

University: Stephen F. Austin State University 

Faculty Research Mentor: Steven Gwaltney, Chemistry 

Co-Author(s): Bidisha Sengupta 

Funding: NSF REU: DMR-2348712 

Project Category: Biological and Life Sciences 

 

Virtual screening of peptides that can prevent insulin aggregation 

Diabetes is a growing health concern, with almost 3% of the population of the United States using insulin injections to control blood sugar levels. Insulin is prone to aggregation during storage and injection. The toxic products of aggregation can cause an increase in the required dosage to achieve the desired therapeutic effect. The driving intermediate of aggregation is believed to be a partially folded insulin, derived from the insulin monomer. We hypothesize that stabilizing the insulin monomer with a peptide may prevent this unfolding process and subsequent aggregation. However, the space of all possible peptides is impossibly large to study systematically. Therefore, we have generated a set of 2,000 randomly chosen 20-mer peptides. We have generated 3D structures of the proposed peptide sequence using AlphaFold 2 and have utilized the peptide-protein docking software Autodock CrankPep (ADCP) to determine how each peptide binds to the insulin monomer. Our results show that different peptides have drastically different binding geometries and binding energies.  The next step will be to use the results of the docking studies to train a neural network that can predict the binding of any peptide sequence to the insulin monomer. Additionally, molecular dynamics simulations will be run on promising sequences, to identify short peptides that can prevent insulin aggregation. 
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Investigating the Role of Streptococcus pneumoniae Two-component Systems in Resistance to Fosfomycin.  Antimicrobial resistance is a global public health threat resulting in over one million deaths worldwide each year and annual treatment costs exceeding $4B in the United States alone. The decline in discovery and production of new antimicrobial compounds, combined with the horizontal transfer of resistance genes, is eroding our ability to treat both minor and invasive infections. Our lab studies the bacterium Streptococcus pneumoniae (pneumococcus), a colonizer of the human nasopharynx capable of causing both minor infections, such as otitis media, as well as invasive infections, including bacteremia and meningitis. As in many other pathogens, antibiotic resistance is increasing in pneumococcus. We previously identified that a peptide transport operon (AmiACDEF) plays a role in sensitivity to fosfomycin and that mutants lacking this operon are significantly more resistant. We next sought to evaluate whether two-component systems (TCS), which typically facilitate environmental sensing in microorganisms (Gomez-Meija, 2017), also play a role in fosfomycin sensitivity. Two-component regulatory systems consist of a histidine kinase and a cognate response regulator, functioning through the phosphorylation of the response regulator. Using isogenic mutants lacking the histidine kinase of the individual TCS’s, we identified several mutants to be significantly more resistant to fosfomycin than the wild-type TIGR4 strain. Specifically, mutants ΔSP_0084 and ΔSP_0527 lacking the TCS08 and TCS13 functionality, respectively, were highly resistant to fosfomycin. However, strain-dependent effects were seen as mutants lacking these systems in the S. pneumoniae D39 strain demonstrated lesser resistance than TIGR4. Together, these results implicate both TCS and peptide transport machinery in modulating fosfomycin sensitivity in S. pneumoniae and suggest that targeting these systems could improve the efficacy of existing treatments.  
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Wrist-Worn Wearable for Real-Time Stress and Fatigue Monitoring in Construction Workers 

Construction workers face significant risk of stress and fatigue due to their work in a physically demanding and high pressure environment. The 2017 National Safety Council report Fatigue in Safety-Critical Industries: Impact, Risks & Recommendations found that all surveyed construction workers experienced at least one fatigue risk factor, including 46% working high-risk hours and 77% performing physically demanding jobs. While wearable technologies available in the current market can track physiological signs of stress, most rely on closed, cloud-based systems that limit access to real-time local data. To address this, we are developing a wearable that sends real-time physiological data to a local system without relying on cloud services. The device is worn on the wrist and integrates a low powered nRF52840 microcontroller with dual I2C buses to interface an I2C photoplethysmography (PPG) sensor (heart rate, SpO₂), an I2C infrared thermometer (skin temperature), and a 6-axis IMU (accelerometer and gyroscope) included in the microcontroller for motion tracking. Additionally, we are evaluating an electrodermal activity (EDA) sensor to detect stress through changes in skin conductance. These sensors monitor key indicators of physical and mental stress, as well as fatigue. The device will then send its sensor data over Bluetooth Low Energy (BLE) to a nearby local system. To date, we have selected low-power sensors and designed a custom PCB for them. In the future, we will assemble all the components into a small, 3D-printed case with wristbands and conduct field testing. The development of this device will facilitate further research using machine learning and predictive analytics models to predict stress and fatigue more accurately through real-time data. This capability will contribute to improving construction worker safety and health. 
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Development of an Low-Power Alpha Wearable Prototype for Ear-Based Temperature Monitoring to prevent Heat Injuries in Industrial Settings. 

Working in high-temperature, physically demanding environments for long shifts puts industrial workers at a constant risk of heat-related illnesses. According to OSHA, about 30,000 heat-related illnesses and 100 heat-related deaths happen each year in the United States among workers exposed to high temperatures (OSHA, 2023). Many current solutions for monitoring core body temperature are often too large, interfere with the Personal Protective Equipment (PPE), or cannot deliver data in real time. To tackle these issues, we have built a compact, low-power wearable device that continuously tracks core body temperature without disrupting workflow or protective equipment. A thermistor placed inside a noise-cancellation earplug collects the temperature data, while a custom PCB mounted on the hardhat handles processing and storage. Alongside temperature, the device logs environmental conditions such as heat, humidity, pressure, and gas presence using a BME680 sensor. The system logs data once per minute and stores it locally for the duration of a full 10-hour shift. Files can be transferred via USB-C through a custom UART protocol. Bluetooth Low Energy (BLE) is also supported, allowing users to configure and monitor several devices at once from any PC. A custom-built graphical user interface (GUI) was also developed, which offers file downloading and live device control. The device is optimized for reliable use in long shifts. Currently it has a current draw of 15 mA and 3.3 volts. We are currently preparing for lab testing to confirm core-temperature accuracy, followed by field validation in real-world industrial settings. This prototype can be used in many high-heat environments, including emergency services, construction sites, and military operations to prevent heat-related illness. 
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A Rapid-Response Electromechanical Safety System to Disconnect Tractor’s Power Take-Off (PTO) Shafts from Implements 

The Power Take-Off (PTO) shaft is one of the most widely used features of Tractors to transfer power from a tractor to implements such as mowers, hay balers, etc. However, the PTO system is responsible for numerous injuries and fatalities each year due to the absence of accident detection and rapid-off mechanisms. This project introduces a rapid-response safety system to disconnect the PTO shaft from implements within milliseconds of detecting a potential accident. The solution integrates an electrically triggered stopper with a decoupling mechanism that can be inserted between the tractor and an implement. The subsystem includes a specially designed slanted interlocking teeth coupler that allows power transfer during normal operation. It also involves a passive disengagement via axial slip, allowing the PTO to continue rotating when the implement side is stopped, avoiding back-torque damage. A powerful spring-loaded stopper block is held in place by a nichrome wire, which can be melted with a high-current burst from a supercapacitor bank when it gets triggered by an accident detection signal. The electrical subsystem, controlled by an ESP32 microcontroller, manages supercapacitor charging and discharge logic using custom circuitry. 

 Preliminary tests confirm the system’s capability of rapidly shutting off the PTO power, demonstrating significant potential for reducing PTO-related injuries. This design offers a strong foundation for a modular, universal, retrofittable PTO safety solution that could have the potential of saving thousands of lives by mitigating the inherent dangers of PTO driven machinery.  
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The Change in Fecal Egg Counts During the Periparturient Period of Cattle and Sheep 

This study investigated the change in fecal egg counts during the periparturient period of cattle and sheep. Parasitism has a significant impact on the health and productivity of both cattle and sheep, resulting in economic losses for livestock producers. Fecal samples were collected from 20 individual cattle and sheep every two weeks for the duration of 7 months. Samples were collected before, during, and after calving and lambing. The samples were FECRT tested in laboratories to determine what species and amount of each parasite were present. Results indicated that groups of animals on a scheduled deworming program have decreased parasitism loads than groups that are dewormed on an as-needed basis. Results also indicated that age and birth type have an effect on an animal's susceptibility to parasites. The implications of this study could be used to determine at what point of gestation cattle and sheep are more susceptible to parasites.  
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Dissecting Thermodynamics of Trp Binding to ThaL and Related Flavin Dependent Halogenases 

ThaL is a flavin-dependent halogenase, which catalyzes the regioselective chlorination of tryptophan (Trp). ThaL is a member of a family of proteins called flavin-dependent halogenases that hold the potential for the generation of halogenated aromatic compounds under sustainable conditions. The thermodynamics of substrate binding to the enzyme is highly dependent on intermolecular interactions that govern substrate affinity and selectivity but also give us clues to how other molecules might bind to the active site of ThaL. Here we report our highly interdisciplinary effort to combine biochemistry, molecular biology, and biophysics to address this complicated problem. Specifically, this project is focused on using biophysical techniques to assess binding thermodynamics of Trp and related substrates to ThaL, alongside structural modeling to correlate thermodynamic data with molecular interactions. This integrative analysis offers insights into the redesign of ThaL to more effectively halogenate aromatic target molecules that can provide feedstock chemicals for other biotechnological innovations. 
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Does Activation of Proteasomes Restore Viability in Proteasome Mutations Associated with Neurodevelopmental Disorders? 

The Ubiquitin Proteasome Pathway (UPP) is a major cellular process responsible for the efficient degradation of most intracellular proteins. The pathway catalyzes the selective degradation of misfolded or mutant proteins using a large protein complex called the 26S proteasome. Several mutations within the ubiquitin-proteasome pathway are associated with neurodevelopmental disorders. A recurrent missense mutation in the proteasomal ATPase PSMC5 (P320R) has been identified in multiple unrelated children with developmental delays and autistic behaviors. This dysfunction is likely due to a reduction in proteasome activity caused by weakening the connection between the 19S regulatory particle and the 20S core particle. On the other hand, activators of proteasome are of interest in neurodegenerative research. In this study, we sought to test whether these proteasome-activating pathways, such as Protein Kinase A (PKA) and Protein Kinase G (PKG) signaling, can improve viability in neuroblastoma cells with the PSMC5 P320R mutation. The mutant cell lines will be treated with different concentrations of rolipram (PKA activator) and sildenafil (PKG activator) and viability will be measured using resazurin assays. This study will also focus on whether observed increases in cell viability are correlated with proteasome activation by comparing wild-type cells versus mutant cell lines. Additionally, metabolic activity will be measured in neuroblastoma cells overexpressing wildtype PSMC5 to test whether the addition of another working copy of the PSMC5 gene can override the effects of the mutation, helping to restore proper proteasome function. These experiments aim to investigate the impact of the 

P320R mutation and find potential strategies for proteasome-targeted intervention in neurodevelopmental disorders. 









110. 

Name: Fabel, Sophia 

Major: History - Bachelor of Arts 

Faculty Research Mentor: Renee Clary, Geosciences 

Co-Author(s): Amy Moe Hoffman 

Funding: Shackouls Honors College Research Fellowship 

Project Category: Humanities 

 

Uncovering the Hidden History of the Dunn-Seiler Museum, Mississippi State University 

This research investigated the history and origins of the Dunn-Seiler Museum on the Mississippi State University (MSU) campus. The project explored how the Dunn-Seiler, a geology museum located in Hilbun Hall was created and evolved. The culminating goal of the research is the creation of a display to communicate this history to the public and effectively preserve the museum’s story. A Mississippi State University Libraries’ Special Collection, the Paul and 

Florence Dunn Family Papers, served as primary source material for the purpose of understanding Dr. Paul Heaney Dunn (1895-1967) and Mr. Franklin “Skippy” Carl Seiler (1916-1945), whose names are commemorated by the museum. Dr. Dunn was head of the MSU Geology and Geography Department from 1934 to 1962, while Mr. Seiler worked alongside him as an assistant professor. This archival work brought to light the early beginnings of the museum, Dr. Dunn’s impact as a department head, and the lasting effects of World War II on the Geology and Geography Department. Objects, pictures, and quotes identified in the research will create the display to effectively showcase this almost forgotten history. Labels and text that accurately describe and explain while meaningfully preserving this story will accompany said objects. In this way, the contributions of Dr. Dunn and Mr. Seiler will not be forgotten, and the exhibit will serve to connect the few remaining individuals who may have known them, while also educating the greater MSU-Starkville community on their contributions to the development and evolution of the museum. 
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Artificial Intelligence-Driven Pest Classification: Using Supervised Machine Learning to Identify Bark Beetle Infestations 

Bark beetles cause significant ecological and economic damage to trees in the Southeastern United States. Timely detection and accurate classification of infestations can be critical for both economic and environmental considerations. However, manual field identification can be quite expensive, time-consuming, and prone to human error. There is an urgent need to develop an easy-to-use tool for foresters to accurately identify bark beetle species, allowing for proper treatment to be implemented and efficient infestation control, thereby reducing the loss. The objective of this project is to develop a new machine-learning-driven approach to assist foresters in the identification of different types of bark beetle infestations. By leveraging the gallery pictures under the bark, the algorithm can automatically classify the bark beetle species that causes the specific infestation. We focus on the six most common species in the Southeastern region of the US, i.e., Southern Pine Beetle, Eastern Fivespined IPS, Black Turpentine Beetle, Emerald Ash Borer, Sixspined IPS, and the Small Southern Pine Engraver. Our dataset includes different species sourced from www.bugwood.com, a research website by the University of Georgia. The images are pre-processed using python, and subsequently, multiple supervised machine learning models are trained and assessed using an independent testing dataset. Our results can facilitate the development of a field-ready tool aimed at improving the management of bark beetle infestations and enabling more timely responses for forestry professionals.   
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Using 3-Methylhistidine To Measure Protein Breakdown Rates in Chicken Muscle.  

A key goal for poultry production is to increase muscle mass without relying on chronic antibiotic use. However, without antibiotics, subclinical infections may lead to increased protein degradation in muscle. We used 3methylhistine (3-MH) extracted from chicken fecal samples, as a biomarker released during muscle protein breakdown. Fecal samples were collected from chickens with different levels of subclinical bacterial infections. Amino acids were extracted with acid precipitation of larger proteins and organic-aqueous phase separation. We used  reverse-phase chromatography after fluorescence labeling of the amino acids to quantify 3-MH levels in each sample. High muscle breakdown can impact the development of large, high quality muscles in chickens. Our goal is to help producers raise poultry with improved muscle growth and enhanced meat quality, while reducing unnecessary antibiotic use.  
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Evaluation of Knowledge Gained Through Caregiving Training for Mississippi Caregivers 

There are currently over 4,000 children in the care of the Mississippi Department of Child Protective Services (CPS; Canopy Children’s Solutions, 2025). In foster care, reunification between the biological family and their child is a goal, but safety, both physical and psychological, is needed before reunification can occur (Children’s Bureau, 2025).  Judges often order system-involved parents to participate in parent education, and parent education is mandated by federal law for foster families (Chamberlain et al., 2008). Trauma-Informed Parenting and Professional Strategies (TIPPS), an Extension program through Mississippi State University (MSU), offers parent education to meet this critical need. This study aims to examine the effectiveness of using Trust-Based Relational Intervention (TBRI) principles to enhance positive parenting knowledge, particularly as it relates to children who have been traumaexposed. TBRI is a holistic, multidisciplinary, research-based approach to healing that focuses on the impact of relational trauma on the brain and body (Purvis et al. 2013). Participants (N = 188) completed six hours of TBRI training, immediately followed by a retrospective post survey evaluating their knowledge change in eight key components of the training: (1) the attachment cycle, (2) understanding the role of parents’ childhood experiences in parenting, (3) using play to disarm fear, (4) seeing the unmet needs behind the behavior, (5) recognizing the link between sensory needs and behavior, (6) delineating the role of the environment on behavior, (7) promoting positive parenting practices, and (8)responding to challenging behavior (e.g., “I increased my knowledge of... the attachment cycle”).  Participants were asked to respond to each statement using a 5-point Likert scale (i.e., Strongly Disagree-1 to Strongly Agree-5), with higher scores reflective of greater learning. Data revealed that participants agreed or strongly agreed that they gained knowledge within each of the eight topic areas, suggesting the TBRI caregiver training is effective in promoting positive knowledge change. Variations in knowledge change across the eight topics will be discussed, and data will be used to guide future programming iterations.  
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Mapping the water striders (Hemiptera, Gerridae) of Mississippi 

Mississippi is a state with high biodiversity due to its varied geography. From the pine forests to coastal plains, the 

Mississippi Delta, and the Black Belt Prairie, there is no shortage of ecosystems for insects to thrive in. Water striders 

(Hemiptera: Gerridae) are found throughout these systems, anywhere standing water is present Gerridae act as water quality indicators. They sit on top and feed on smaller invertebrates trapped in the surface tension. When a system is unable to support their prey, striders will disappear. Despite their ecological importance, little work has been done on Gerridae. Driven by a donation to the Mississippi Entomological Museum, we seek to describe the diversity of Gerridae in Mississippi with fresh collections and digitization of museum specimens. So far, roughly 250 specimens have been digitized. While this is less than 10% of the available material, this effort is ongoing. Digitizing large collections helps modernize historical information, increasing availability to scientists and the public, as well as transforming data into a digital resource for biogeographic surveys. As a result of this effort, we have a growing list of Gerridae and their localities. We summarized these data into a map and found odd discrepancies in predicted occurrences that show possibly misplaced species or unexplored habitats, such as Trepobates floridensis, which has only a single documented specimen from Biloxi, Mississippi. Future data from field work will determine whether this species is established in Mississippi or was brought here by accident and provide a clearer picture of what Gerridae communities are still thriving, and which may require conservation. Digitization allows us to step through time and understand changing distributions otherwise inaccessible to modern man. In addition, further field collecting will establish what is currently in the state. Combined, we will publish an annotated checklist for the family.



















































81.

Name: Gardner, Aidan 

University: Appalachian State University 

Faculty Research Mentor: Christine Fortuin, FWRC - Forestry 

Co-Author(s): Mary McTeague 

Funding: NSF REU: Ecology and Management for Resilient and Adapted Forests 

Project Category: Biological and Life Sciences 

 

Edge Effects of Forest Roads on Wild Bee Communities in Upland Hardwood Forests 

Biodiversity within bee communities is integral to the health of a forest ecosystem. To correctly manage these communities, it is important to understand how their species compositions are affected by forest edges. Limited research has been conducted on bee communities along forest roads, especially in upland hardwood forests, which tend to foster very diverse native bee communities. The focus of this study is to explore the edge effects of forest roads on bee communities in upland hardwood forests within western Georgia. The study’s secondary focus is to compare the study site’s current species composition to its composition in 2018. We hypothesize that the species composition in bee communities inhabiting the forest edge will differ from that of communities inhabiting the forest interior. Bee specimens were collected in mid-April. A total of four plots were constructed. Within these plots, pan traps were placed in groups of three and referred to as trapping units. Within each plot, a trapping unit was placed 0, 20, and 40 meters from the edge, on either side of the road. The traps were filled with soap and water and remained for nine days. During this time, they were emptied for specimen collection and refilled every three days. The specimens were then identified to the species level. Notably, the presence of individuals within the genus Nomada, a common cleptoparasite, has been frequent in the early stages of the identification process. There are significantly more Nomada individuals in this year’s study (2025) than there were in the previous study (2018). The presence of this genus is indicative of a healthy and diverse wild bee community. These individuals can survive only when they have an abundance of other bees’ nests in which to lay their eggs, and are generally only found in areas where wild bee populations are thriving.  
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Middle School Math: Supporting Executive Functioning through Evidence-Based Practices  

Learn how to support all learners with executive dysfunction and cognitive overload in mathematics with this session on evidence-based practices that can be implemented within a Universal Design for Learning framework (UDL). Three evidence-based practices (Concrete-Representational-Abstract, Montague’s Intervention, and Advance Organizer) that scaffold the student transition from more concrete to more abstract thinking will be shared.   
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Development of a Kartogenin-Releasing Electrospun Scaffold to Augment Bone Marrow Stimulation In orthopedics, a marrow stimulation procedure is designed to bring mesenchymal stem cells (MSCs) from the bone marrow into an articular cartilage defect, where they reliably form fibrocartilage. Unfortunately, fibrocartilage is mechanically inferior to healthy hyaline found in a joint, and fibrocartilage has limited durability.  Kartogenin is a small molecule that selectively differentiates MSCs into chondrocytes that produce hyaline cartilage-like ECM.  The purpose of this study was to develop an electrospun cell scaffold capable of sustaining kartogenin release for at least 14 days.  The first objective was to produce a suitable cell scaffold with pores large enough to facilitate cell penetration. Scaffolds were electrospun from blends of polycapralactone (PCL) and poly(lactic-co-glycolic acid) (PLGA), and also from poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV).  They were imaged using scanning electron microscopy (SEM), and scaffolds containing PHBV were observed to contain the largest fibers and pores.  However, kartogenin released from PHBV quite rapidly.  PHBV was blended with PCL and PLGA, but none of the blends sustained kartogenin release for more than a few days.  We are currently investigating the effect adding chitosan to 

PHBV.  PHBV/chitosan was successfully electrospun, and experiments to image the scaffold and quantify kartogenin release are in progress.  Finally, we explored the possibility of incorporating chemotactic nanoparticles into an electrospun scaffold.  Polylysine-heparin nanoparticles should be able to bind platelet-derived growth factor, a chemoattractant for MSCS. Polylysine-heparin nanoparticle (~200 nm by DLS) were mixed into an electrospinning solution that produced a fibrous scaffold.  We expect to be able to visualize the incorporated nanoparticles using SEM.  In summary, we found that electrospinning PHBV produces scaffolds with desirably large fibers, and we are hopeful that an additional component can be found to increase the duration of kartogenin release.  We also showed proof-of-concept for an electrospun scaffold containing growth factor-laden nanoparticles. 
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Fabrication of Mn3O4-Modified Douglas Fir Biochar for Arsenic(III) Oxidation and Adsorption 

Human exposure to arsenic contaminated water can cause cancer, neurological disorders, cardiovascular disease, and other negative health outcomes, making its remediation extremely critical. Aqueous arsenic is most commonly present as arsenite, As(III), and arsenate, As(V), where negatively charged As(V) is less toxic and easier to remove than neutral As(III). Manganese oxides are capable of oxidizing and adsorbing arsenic from solution, and their capacities are dependent on phase and oxidation state. Synthesis conditions of the phases hausmannite (Mn3O4), feitknechtite (β-MnOOH), and hydrohausmannite (mixture of Mn3O4 and β-MnOOH) were investigated by varying speed of precipitation and extent of oxidation (using O2 or H2O2). Slow precipitation of Mn(II) to pyrochroite (Mn(OH)2) followed by either O2 or H2O2 oxidation resulted in formation of β-MnOOH only. In contrast, fast precipitation and O2 oxidation led to formation of thermodynamically favorable Mn3O4 with a surface area (SA) of 30.994 m2/g and pore volume of 0.008 cm3/g. Use of a stronger oxidant (H2O2) resulted in β-MnOOH formation with a SA of 43.217 m2/g and pore volume of 0.013 cm3/g. When precipitated onto the surface of Douglas Fir Biochar (DFBC), O2 oxidized fast precipitation of Mn(II) produced Mn3O4, while H2O2 oxidation allowed for formation of Mn3O4/β-MnOOH mixture. The adsorption capacity of As(III) was 7.32 mg/g for Mn3O4-BC and 9.04 mg/g for Mn3O4/β-MnOOH-BC from a 100 mg/L As(III) solution. XPS analysis confirmed oxidation of As(III) to As(V). Higher Mn oxidation states increased adsorption capacity of As(III) by more readily oxidizing As(III) to As(V).  
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Nanocellulose-Based High Internal Phase Pickering Emulsions for Direct Ink Writing 3D Printing 

Creating stable, 3D-printable bioinks is a major challenge in developing bio-based materials and products through additive manufacturing. Key applications include tissue engineering scaffolds, functional foams, biodegradable packaging, and other functional biomaterials. This research focuses on developing nanocellulose-based oil-in-water (O/W) high internal phase Pickering emulsions (HIPPEs) as 3D-printable bioinks for direct ink writing (DIW). Nanocellulose-based O/W emulsions were prepared by ultrasonicating a mixture of aqueous TEMPO (2,2,6,6tetramethylpiperidine-1-oxyl radical)-oxidized CNF (TNCF) solution and oil, followed by centrifugation to accelerate emulsion separation and achieve HIPPE formation. Among various model oils evaluated, n-hexadecane was identified as the most suitable for formulating TCNF-based O/W HIPPEs based on its viscosity and printability. DIW was performed using a nozzle with an internal diameter of approximately 1 mm, at a printing speed of 10 mm/s and extrusion pressure of 0.02 MPa. Structures of 10 x 10 mm2 and 20 x 20 mm2 were printed with 1 mm layer height in 3, 5, and 9 layers. The 3D printing parameters included 1 mm line thickness and 100% infill density without horizontal expansion. The 3D-printed structures maintained their shape without visible oil leakage for about two hours under ambient conditions. Post-treatment with CaCl2 as a crosslinking agent further enhanced the structural stability of the printed structures. This work contributes to advancing sustainable materials development by combining 3D printing and stabilization of bio-based emulsions, with potential applications in tissue engineering and environmentally friendly manufacturing.   
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Chitosan Encapsulated Cymbopogon Citratus Essential Oil: Novel Application of Nanomaterials in Wood Preservation 

Conventional Wood preservatives, often derived from fossil fuel byproducts, have toxic and effects on human health and the environment. These effects, along with increased concerns about sustainable construction, have raised demand for eco-friendly wood preservatives. Plant extracts such as Cymbopogon Citratus (Lemongrass) essential oil (LGEO) offer potent antifungal and termiticidal properties, but practical application is limited by low aqueous solubility and susceptibility to environmental degradation. Nanoencapsulation in Chitosan addresses LEGO’s sensitivity, enhances wood-protecting properties, and maintains overall non-toxic and sustainable characteristics. NPs were synthesized using an adapted two-step emulsion-ionic gelation method, using sodium tripolyphosphate (TPP) and Tween 80 as crosslinker and surfactant respectively. Successful encapsulation was confirmed by Fourier Transformation Infrared spectroscopy (FTIR). Encapsulation Efficiency (EE%), determined by Ultraviolet-Visible 

Spectrophotometry (UV-Vis), was found to decrease as EO:CS ratio increased, ranging from 38%-77%. Thermal 

Gravimetric Analysis (TGA) was used to assess thermal stability, and morphology will be derived from Scanning Electron Microscopy (SEM) and Dynamic light scattering (DLS) results. Zeta potential, Particle size, polydispersity, in vitro release, termite fatality, and fungal inhibition will be determined as well in further characterization. These initial encapsulation results hold promise for incorporation into sustainable wood protection systems that aim to reduce the use of chemical preservatives while maintaining resistance to termite and fungal decay. 
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Wheat Straw: Transforming Agricultural Waste into Structural Products  

Wheat is one of the world’s staple crops, serving as a critical source of food for people across the globe. With annual production reaching millions of tons to supply nutrition, wheat also produces approximately an equal amount of agricultural waste in the form of wheat straw (Triticum aestivum). While wheat straw is currently used in low-value applications such as animal bedding, feed, and mulch, this study aims to develop a high-value market by converting wheat straw into structural panels for the building industry. Wheat straws were cut into 3- to 4-inch pieces, sprayed with pMDI resin, and hot-pressed to produce flat panels of various compositions. To better understand the structural performance of wheat straw-based panels, additional panels were fabricated using commercial wood strands: one made entirely of wood strands, one with a mixture of wood strands and wheat straw, and another with wood strands in the outer layers and wheat straw in the mid-layer. Following ASTM D1037, specimens were cut from these panels and evaluated using the bending, internal bond, water absorption, and thickness swelling tests. The findings were promising and support the use of wheat straw in the production of structural panels. This repurposing can prevent resource depletion and environmental impact by reducing the usage of forest products and extending support with agricultural waste products.  
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Integration of Multiple Automated Robots in Building Construction Safety  

The dynamic and hazardous nature of modern construction environments poses significant challenges to worker safety, with risks stemming from heavy machinery, unstable structures, and human error. To address these challenges, this research develops a simulation framework for a multi-robot system; to monitor how safe the building construction scenario will be when robots are involved. The framework leverages the Robot Operating System 2 (ROS2) and the Navigation2 stack to model autonomous robots, including quadruped "robo-dogs," equipped with 3D LiDAR and depth-sensing cameras for robust environmental perception. Additionally, the system integrates YOLO object detection algorithms to enhance real-time obstacle and hazard identification. Within the simulated environment, which replicates a realistic construction site in Gazebo, each robot, is assigned specialized tasks such as detecting structural instabilities, monitoring unauthorized zone entries, and analyzing worker postures to identify fatigue or ergonomic risks. The methodology employs ROS2 for seamless inter-robot communication and task coordination, Navigation2 for precise path planning and dynamic obstacle avoidance, and YOLO for accurate detection of objects and hazards, and SLAM techniques for creating map on the fly. The primary contribution of this work is the development of a task-specific simulation framework that serves as a feasibility study for evaluating autonomous safety monitoring strategies, reducing the risks and costs associated with deploying physical robots. This simulation lays a critical foundation for future real-world deployment of autonomous safety agents, including quadruped robotic systems, in the construction industry, offering a scalable and adaptable approach to improving workplace safety. 
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Synthesis, Characterization, and Evaluation of Homogeneous and Heterogeneous Rh Catalysts for the Dehydrogenative Silylation (DHS) of Alkenes 

While the use of organo-metallic catalysts is often necessary to achieve difficult synthetic transformations, these catalysts typically contain precious metals and cannot easily be recycled, thus making their use expensive. Therefore, efforts have been made to discover more sustainable alternatives. For example, we designed and synthesized potential Rh(III) (Rh-1, Rh-3, and Rh-4) and Rh(I) (Rh-2) catalysts bearing poly-phosphine silane/germane ligands (L1 and L2). Rh-1, which is an 18-electron, octahedral complex containing L1, hydride, and chloride ligands, was obtained via the oxidative addition of the Si-H bond in L1 and the coordination of its three P-atoms into a Rh(I) complex. Rh-1 was reacted with MeMgBr to achieve complex Rh-2 via transmetallation followed by the reductive elimination of methane. Rh-2 is a 16-electron complex that only contains L1 as a tripodal ligand (κ4-SiPPP). Rh-3 and Rh-4 complexes were obtained via the oxidative addition of Si-H and Ge-H bonds, from L1 and L2 respectively, into Rh(I) metal centers. The catalytic activity of those four complexes for the DHS of alkenes was tested with low to moderate conversions as measured by 1H NMR. On the other hand, when Rh-1 was grafted to a zirconium-based MOF, NU1000, to obtain [Rh]@NU-1000, the performance of this new material as a catalyst was successfully assessed in a heterogeneous phase, quantifying a good yield of the silylated styrene and its derivatives. Thus, the benefits of both homogeneous and heterogeneous catalysts can be reaped: homogeneous catalysts can be used to elucidate the reactivity and catalytic mechanism of these systems, while heterogeneous catalysts can be reused and recycled multiple times without significant losses to their activity or selectivity.   
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Computational study of low temperature dithiocarbamate decomposition with primary amine and butanethiol The decomposition of dithiocarbamates (DTC) in primary amines have been studied for many years, as DTC metal complexes have served as single source precursors for nanocrystal synthesis. The role of primary amines in DTC decomposition is well understood and oleylamine is used as solvent and reactant in the production of many sulfur containing nanocrystals. Recently, it has been observed experimentally that the decomposition temperatures for silver and bismuth DTC complexes in oleylamine are decreased when dodecanethiol (DDT) is present as an additional solvent. Lower decomposition temperatures present an opportunity for less energy intensive nanocrystal production and better size control of nanocrystal products. Herin, we present a preliminary density functional theory (DFT) study into the decomposition mechanism of silver(I) diethyldithiocarbamate and bismuth(III) diethyldithiocarbamate in the presence of butylamine and butanethiol. The role of the thiol as a proton source, displacing ligand, and proton transfer agent are considered. One-step concerted transition states and acid catalyzed decompositions routes of DTC on and off the metal centers are compared. Preliminary activation energies and potential energy diagrams are made for the reaction coordinate. Our hope is that the insights gained for this system may be applicable to a variety of dithiocarbamate systems in use today. 
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Deep Learning-Based Classification of Wood Chips by Species and Moisture Content 

Accurate classification of wood chips is critical in various industries such as pulp and paper manufacturing, bioenergy production, and engineered wood processing, where the type of wood and its moisture content significantly affect product quality and processing efficiency. Traditionally, these assessments rely on manual inspection or specialized sensors, which can be time-consuming and costly. This project investigates the use of deep learning as a scalable and cost-effective alternative for automated wood chip classification. 

Two primary classification tasks were explored: distinguishing Southern Yellow Pine (SYP) from Red Oak (RO) and identifying Dry versus Moist wood chips. Transfer learning with ResNet50 and Xception architectures was utilized to build robust convolutional neural networks (CNNs). The ResNet50-based model achieved a validation accuracy of 99.69% and a test accuracy of 99.4% for the SYP vs RO classification, showcasing near-perfect generalization. For the Dry vs Moist classification, an Xception-based model, enhanced with L2 regularization and class balancing, reached a test accuracy of 70.2%, despite the inherently subtle visual differences. These results demonstrate the potential of pretrained models in industrial wood chip analysis. However, the performance gap in moisture classification indicates room for improvement. As future work, additional pretrained models such as EfficientNet, MobileNetV3, and DenseNet will be explored to determine which architecture best captures the nuanced features of moisture variation in wood. The goal is to build a reliable, fast, and scalable classification system that can be deployed in real-time industrial settings. 
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Dynamic genetic potential of rumen microbes in neurotransmitter production 

The gastrointestinal microbiota plays a critical role in regulating the gut–brain axis, in part through the production of neuroactive compounds. In our previous study, we detected multiple neurotransmitters, such as glutamate, gammaaminobutyric acid (GABA), and acetylcholine, in rumen fluid samples collected at various time points during in vitro culture. To investigate the abundance of microbial genes involved in neurotransmitter synthesis and their microbial hosts, we conducted long-read metagenomic sequencing of rumen fluid samples collected at 0 h, 4 h, 24 h, and 48 h using the MinION flow cell and GridION sequencer. The relative abundance of reads containing genes encoding key enzymes for glutamate synthesis and catabolism (glutamine synthetase, glutamate synthase, and glutamate dehydrogenase) remained stable, ranging from 0.74% to 0.89%. In contrast, the relative abundance of reads with genes encoding enzymes for GABA synthesis, such as glutamate decarboxylase and aldehyde dehydrogenase, increased approximately threefold at 24 h (0.177%) and 48 h (0.189%) compared to 0 h (0.059%) and 4 h (0.066%). Additionally, relative abundance of reads containing genes involved in GABA catabolism showed a twofold increase at 24 h (0.018%) relative to 0 h (0.007%) and 4 h (0.009%), and a fivefold increase by 48 h (0.060%). In contrast, few reads were detected for genes involved in the synthesis of acetylcholine, serotonin, or dopamine. These findings align with our previous metabolomic data, which showed that glutamate and GABA concentrations were significantly higher than those of other neurotransmitters in rumen fluid. Notably, GABA levels increased from 0 h to 24 h but declined by 48 h. We also identified the bacterial taxa harboring neurotransmitter synthesis genes. In summary, this study demonstrates the dynamic genetic potential of rumen microbes in neurotransmitter production and provides insights for developing microbiome-based strategies to regulate enteric and central nervous system function. 
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Efficient Image Denoising Models with Anderson Acceleration using Finite Difference Methods Current image denoising algorithms based on variational methods can suffer from slow convergence or no convergence due to high nonlinearity of the images. To speed up the convergence of denoising, we apply Anderson acceleration to the fixed-point image denoising problem. Anderson acceleration is an algorithmic method for reducing the number of fixed-point iterations necessary for convergence. It involves using weighted updates to each iteration based on the weighted residuals from past iterations, or history. By using finite difference methods, we can approximate the gradient and higher-order partial derivatives at points on the image. We then use these approximations to create matrix equations to solve for a denoised image. By iterating and applying Anderson Acceleration, we achieve a faster convergence of image denoising. This method is tested and compared to the fixed-point method and other conventional denoising methods using peak signal to noise ratio (PSNR).  

83. 

Name: Hansen, Ethan 

Major: Wildlife, Fisheries & Aqua - Bachelor of Science 

Faculty Research Mentor: Kristine Evans, FWRC-Wildlife,Fisheries&Aquaculture 

Co-Author(s): Zoe Scott, Adrian Horstead 

Funding: NSF REU: Wildlife 

Project Category: Biological and Life Sciences 

 

Assessing Utility of Game Cameras to Remotely Detect Woodpecker Nest Fledging 

One of the most vital measurements to establish the sustainability of a bird species and the quality of their habitat is nest success. The best indicator of aforementioned nest success is the occurrence of a fledging event. These events have proven challenging to track, as nests are, by their nature, cryptic or inaccessible and the timing of fledging is unpredictable. This limits critical information necessary to support robust decision making in short rotation working forest systems that provide habitats for cavity nesting birds. The red-headed woodpecker (RHWO; Melanerpes erythrocephalus) is a state and regionally prioritized species known to excavate nests in a variety of forest systems. However, information regarding nesting success in commercially managed loblolly pine forests is very limited by a lack of relevant data. We assessed the utility of deploying game cameras near cavities to detect fledging events using RHWO as a model species. We conducted multiple controlled experiments in the 2025 breeding season to measure the optimal distances, angle, and position of the camera using artificial snags with active RHWO nests. Once optimized, we deployed game cameras on tracked RHWO nests in loblolly pine stands in Alabama and Mississippi to assess the ability to remotely detect fledging events. The data collected will be used to create an optimum nest monitoring method for RHWO, which will better inform known fate models of nest success. Our findings will also have wider application to assessing other species’ reproductive success rates. Improved understanding of woodpecker reproductive rates can also lead to more informed management recommendations, specifically pertaining to snag retention in working forest systems. 
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Characterizing Boundary Layer Behavior of Low Reynolds Number Propellers 

Low Reynolds number propellers operating in populated environments generate significant levels of unwanted noise. This acoustic output is closely tied to the behavior of the boundary layer of propeller blades. In this study, boundary layer characteristics of a low Reynolds number baseline UAV propeller are examined using oil flow visualization. These methods enable detailed evaluation of surface flow profiles, which are critical to understanding and mitigating noise generation while maintaining aerodynamic efficiency. Additionally, cost-effective additive manufacturing techniques were employed to fabricate and test the baseline propeller. The primary goal of this research was to assess the boundary layer behavior of the baseline propeller under clean and tripped surface conditions. Oil flow visualization was conducted by applying a motor dye and mineral oil mixture to the propeller, running the propeller to let the oil patterns settle, and capturing the boundary layer profile under UV illumination to reveal the flow regimes. The parametric study included running the baseline propeller for a specified range of RPMs to understand rotational rate effects on the boundary layer behavior in clean and tripped conditions. To artificially trip the boundary layer, narrow strips of tape were applied near the leading edge of the propeller blade. Propeller performance data (thrust and torque) was measured using a 6-axis force and torque sensor to allow correlation between the boundary layer behavior and propeller performance in clean and tripped conditions. Preliminary results showed that tripping the boundary layer significantly reduces flow separation on the blade surface. This translated to a decrease in propeller drag, and therefore torque, indicative of noise reduction while maintaining/improving aerodynamic efficiency. Future work will be focused on evaluating the effects of varying trip heights to optimize performance and noise metrics. 
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Investigating How Heat and Drought Stress Affects Soybean Growth Traits  

Soybeans are the most grown row crop in Mississippi and the second most grown crop in the United States. Abiotic stresses such as heat and drought are a major concern for soybean yield and quality and can alter soybean growth traits, especially when they occur simultaneously. The objective of this study was to compare how the growth traits of three soybean genotypes – Williams 82 (drought-tolerant), DT 97-4290 (heat-sensitive), and DS25-1 (heat-tolerant) – react to varying conditions of heat and drought. Soybeans were planted mid-April, and measurements of plant height, leaflet number, and canopy width were taken approximately every four days from June 12th through July 22nd. Each genotype was subjected to heat (36°C), drought (50% evapotranspiration (ET) of control), combined heat and drought conditions, and there was also a control treatment at optimal conditions of 30°C and 100% ET. Preliminary results show that the combination of heat and drought stress reduced leaf number and canopy width and increased plant height greater than either individual stressor alone. However, there was a marginal difference between how the different genotypes expressed these traits. Compared to the control, the three genotypes had a combined average of 31% fewer leaves, 11% less canopy width, and 5% height increase when subjected to combined heat and drought stress. These results highlight the combined negative effect of heat and drought stress on all three of these soybean genotypes. Results also underscore the importance of continued research on mitigating these stressors on their own, as well as research on the combined impacts of heat and drought.  
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Effect of Varying Hardeners on the Tensile Shear Strength of Quebracho Tannin Resin in Three-Layer Plywood Developing tannin-based adhesives helps reduce reliance on petroleum-derived synthetics associated with formaldehyde emissions and environmental impact. This study aims to enhance the tensile shear strength of maple wood bondlines bonded with quebracho tannin (QT) adhesive by incorporating 7% dry weight of selected hardeners: Hexamine (H), paraformaldehyde (PF), and methylene diphenyl diisocyanate (MDI). A 50% w/w aqueous dispersion was prepared by mixing equal parts of powder and water, then adjusting the pH with 50% sodium hydroxide, to pH 8 for Hexamine and pH 7 for paraformaldehyde and MDI, followed by stirring and adding the hardeners. The prepared resin was applied to three-layered veneer panels measuring 7 × 7 in. with a thickness of 0.125 in. and pressed using a hot press at 266 °F for approximately 9 minutes. Dry and wet tensile shear tests were performed using a universal testing machine in accordance with ASTM D906-20. Plywood specimens were cut into pieces measuring 3¼ inches in length, with a 2/3-depth cut through the core and a center bonding area of 1 × 1 inch. For wet testing per ANSI/HPVA HP-1-2020S, specimens were boiled for 4 hours, dried for 20 hours at 145 ± 5°F to ≤12% moisture content, reboiled for 4 hours, cooled in water, and tested wet. Among all hardeners, QT adhesive with PF showed the highest dry tensile shear strength (514 psi/in³), significantly outperforming the others. No significant differences were found among QT with hexamine (213 psi/in²), MDI (208 psi/in2), and PF+MDI (314 psi/in2). The wet strength of QT with PF was 217 psi/in², with 100% sample survival after the second boiling cycle. QT with hexamine showed 207 psi/in² with an 11% sample loss, while QT with MDI+PF had 132 psi/in² and a 36% loss. All wet samples of QT with MDI were lost after the first boiling cycle. 
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Measuring Attractiveness of Wood Decay Fungi to Western Honeybees 

The western honeybee, Apis mellifera L. (Hymenoptera: Apidae), is a vital component of modern agriculture but is facing several health threats that can reduce the productivity and viability of colonies. Two impactful viruses affecting colonies are Lake Sinai Virus (LSV) and Deformed Wing Virus (DWV). Recent research has suggested that supplementing honeybee diets with extracts from wood decay fungi (notably Fomes fomentarius, Ganoderma 

applanatum, G. resinaceum, and Trametes versicolor) can decrease viral loads in honeybees and increase survivability. However, it has remained unknown if honeybees will preferentially forage these fungal resources, and thus it is unclear how these beneficial fungi can be best implemented into apiculture practices. Here, we used laboratory choice assays to determine the attractiveness of four wood decay species (Ganoderma lucidum, Hericium erinaceus, Lentinula edodes, and Pleurotus pulmonarius) to western honeybees. Knowing honeybees are attracted to these fungi could revolutionize the apiculture industry’s understanding of fungi, inspiring their use as both a health supplement for the colony and a valuable secondary product. 
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Assessing the Long-Term Effects of Self-Thinning Stands at Three Different Densities 

Loblolly pine (Pinus taeda) is one of the most commercially important species in the United States while providing a number of additional ecosystem services. The ubiquity of the species across the Southeast in addition to its fast-growing nature makes it an ideal candidate for monetized carbon sequestration projects. High initial densities of loblolly pine can be attractive to programs that incentivize carbon sequestration. However, stands initially planted at high densities may self-thin to store less biomass compared to stands at lower densities, a phenomenon known as the Crossover Effect. The goal of this study was to evaluate the crossover effect in a forty-year old loblolly pine stand planted at three different densities. Specifically, the objectives were to 1) examine how long-term carbon trajectories respond to density, and 2) identify the morphological mechanisms driving long-term carbon dynamics in planted loblolly pine. This study started with 12 separate stands being planted at three different densities having 435, 680, 1742 trees in one-acre plots (TPA) in 1985. Measurements of Diameter at Breast Height (DBH), Height (HT), and Height to Crown Base (HBC) were taken beginning in 1986 and as recently as 2025. Preliminary results suggest that there was a crossover effect in the highest density which can be attributed to self-thinning. These results may have significant implications for emerging carbon markets that wish to capitalize on long-term carbon sequestration in planted loblolly pine.  
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Architecting Agentic AI for PCI DSS Compliance: A Comprehensive Review of Challenges, Solutions and 

Recommendations in Payment Processing 

The rapid integration of Agentic AI systems capable of planning, decision-making, and executing complex tasks autonomously into payment processing ecosystems presents significant challenges for maintaining Payment Card Industry Data Security Standard (PCI DSS) compliance. This review synthesizes current research, identifies critical gaps, and proposes pathways for developing inherently compliant Agentic AI architectures. We first analyze the unique challenges posed by Agentic systems, including their dynamic, adaptive nature, opaque decision-making processes, potential for emergent behavior, and the complexities of maintaining continuous monitoring and audit trails, all within the rigid framework of PCI DSS requirements. First, we systematically map core PCI DSS requirements (such as data protection, access control, vulnerability management, logging, and secure development) onto the operational lifecycle of agentic systems. We then critically evaluate emerging technical solutions, including secure execution environments, policy enforcement engines, explainable AI (XAI) for auditability, robust encryption techniques for data-in-motion and data-at-rest handled by agents, and anomaly detection systems tailored for autonomous behavior. Furthermore, we examine the crucial role of governance frameworks, human oversight models, and secure agent design principles in achieving demonstrable compliance, and outline essential research directions and practical considerations for stakeholders to harness Agentic AI benefits in payment environments without compromising PCI DSS security mandates.  
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Emergency Wetlands Resources Act: Policy Analysis and Future Directions 

The Emergency Wetlands Resources Act (EWRA) of 1986 is a seminal federal policy that seeks to conserve wetlands by focusing on land acquisition programs and inventory programs at the national level. Through mandating wetland assessments and facilitating conservation efforts, the EWRA has assisted in safeguarding critical ecosystems that foster biodiversity, water quality, and flood control. However, the achievements of the EWRA have been undermined by persistent challenges, including a lack of funding, limited enforcement authority, and shifting regulatory regimes that have left wetlands increasingly vulnerable. Recent changes in policy, such as the restriction of federal jurisdiction over wetlands under the Clean Water Act, have also added to these vulnerabilities by removing legal safeguards for certain categories of wetlands. This essay critically evaluates the successes and failures of the EWRA in achieving its conservation goals and examines how rollbacks in regulations have amplified wetland ecosystem threats. As a response to the above challenges, this analysis proposes a new policy framework that blends provisions of the EWRA with the Endangered Species Act (ESA) to establish a new class of conservation: "endangered lands." The category would prioritize the protection of wetlands that are under imminent danger of degradation due to climate change, development pressure, and habitat fragmentation. By enhancing financial inputs, reinforcing enforcement mechanisms, and taking complementary legislative measures, this policy framework seeks to assist in the consolidation of wetlands conservation efforts. The strengthening of EWRA and its coordination with environmental protection strategies at the larger level will hold the key to preserving the ecological integrity, economic value, and hydrological functions of wetlands for future generations. 
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Evaluating the Stability and Release Behavior of beta-Cyclodextrin–Essential Oil Complexes Across Varying Environmental Conditions 

Essential oils (EOs) are widely valued for their antimicrobial and antioxidant properties, with applications ranging from food preservation to biomedical and materials science. However, their volatility and susceptibility to environmental degradation limit long-term effectiveness. Encapsulation in beta-cyclodextrin (bCD) offers a promising solution, where hydrophobic EOs are stabilized within the cavity of donut-shaped bCD through hydrophobic interactions and van der Waals forces. This inclusion complex suppresses volatility and improves thermal stability, thereby enhancing the bioactivity and efficacy of EOs, which makes them useful in wood preservation and other bio-based systems. Building on prior work preparing bCD-EO inclusion complexes via ultrasonication, this study investigates their stability and release behavior under varying environmental conditions. Four EOs—trans-cinnamaldehyde, eugenol, carvacrol, and thymol—were selected for their known bioactive properties. Their encapsulation within bCD was verified using Fourier-transform infrared spectroscopy, which revealed characteristic O–H band shifts and diminished intensity of EO-related peaks, confirming the formation of bCD-EOs inclusion complexes. To quantify the amount of EO retained in bCD, ultraviolet-visible (UV–Vis) spectroscopy was used. By rupturing the bCD-EO complex using ultrasonication in an acetonitrile-water co-solvent, the inclusion yield of EO in the complex was quantified using pre-established calibration curves based on the Beer–Lambert law. Assuming a 1:1 bCD:EO molar ratio, the inclusion yield under ambient conditions ranged from approximately 100 to 200%, suggesting excess EO was retained in the complex. Thermogravimetric analysis (TGA) complemented UV-Vis for the determination of the inclusion yield, where loosely associated and tightly encapsulated EOs were differentiated by monitoring the thermal weight loss of the complex beyond the volatilization temperature range of the bulk EOs. Lastly, the stability and release behavior of EOs in the complex will be studied under elevated temperature and high humidity conditions using TGA and UV–Vis, monitoring changes in inclusion yield over time. 
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Modernizing the Dynamic Swell-O-Meter 

Swelling of wood products due to high moisture conditions can cause extensive and expensive damage to residential structures. The cost of repairs can range from a few hundred dollars to tens of thousands of dollars. Determining the rate at which wood products, such as lumber, undergo swelling has been conducted for decades, based on data generated in the early 1900s. However, the production of lumber has undergone significant changes, including the more rapid growth of softwoods to meet the demand for lumber in the housing construction market. Today’s lumber does not have the same physical properties as lumber from previous eras. The goal of this project is to modernize a legacy testing device, known as the Dynamic Swell-O-Meter, for measuring moisture-related swelling in modern lumber. This project describes the steps taken to update the computerized Dynamic Swell-O-Meter developed at Mississippi State’s Forest Products Laboratory. The wiring and power supply were replaced, along with a new interface based on the SpecView platform. Currently, calibration and determination of the standard curve are underway.  
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The Effects of Build Plate Material and Temperature on ULTEM 1010 Specimen Adhesion  

Fused filament fabrication (FFF) is an additive manufacturing process that involves the layer-by-layer extrusion of a thermoplastic material. In FFF, the adhesion of the first layer of filament to the build plate is a vital aspect of the printing process. Improper adhesion to the build plate can cause various issues, such as the delamination of layers or warping within the printed part. Build plate material and temperature are two elements that can potentially impact part adhesion and quality. This study aims to evaluate the effects of both build plate temperature and material on the adhesion quality of a part printed with ULTEM 1010 using a previously developed open-source high-temperature 3D printer. Specifically, the correlation between the time it takes for the top and bottom side of the printer bed plate to reach steady-state temperature and print adhesion quality will be noted. The three bed plate temperatures that will be used during testing will be 180°C, 200°C, and 220°C, which are build plate temperatures that can be used to successfully print ULTEM. These temperature tests will be conducted with a borosilicate glass and carbon fiber build plate to observe a correlation between adhesion quality and bed material. To measure and record the temperature, Ktype thermocouples will be attached to the top and bottom of the build plate.  After preliminary tests are conducted, small rectangular ULTEM specimens will be printed, and the adhesion quality will be observed for each temperature setting. In future work, tensile testing will be performed for each specimen printed under the parameters outlined in this study to observe a correlation between adhesion quality and the specimen’s ultimate strength. 
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Investigating the Defect Behavior and Electronic Properties of Formamidinium Lead Bromide Perovskite through Machine Learned Interatomic Potentials 

Formamidinium lead bromide (FAPbBr3) perovskite crystals display promising optoelectronic properties, making them attractive materials for solar cells, light-emitting diodes, and photoelectrochemical devices. In this study, computational methods are applied to investigate the effects of point defects—vacancies, interstitials, Frenkel, and Schottky—on the electronic structure of FAPbBr3 bulk and nanoplatelet crystals. Traditional computational methods, such as density functional theory (DFT), are computationally expensive and thus limited to small systems and short time scales. To characterize and simulate larger systems over longer time periods at reduced computational costs, machine learned interatomic potentials (MLIPs) are developed with MACE, a message passing neural network. The machine learning model is trained on ab initio molecular dynamics (AIMD) simulations of defect-free and defectpresent systems to run molecular dynamics (MD) simulations. Several models are trained using different combinations of AIMD systems data, with the model trained on defect-free bulk FAPbBr3 systems being the most accurate. The MACE MD simulations provide key insights into the change in band structure and density of states of FAPbBr3 crystals with defects present. This study illustrates the effectiveness of MLIPs in capturing defect-driven behavior in FAPbBr3, enabling accurate, large-scale MD simulations and informing the more efficient use of FAPbBr3 and intelligent design of perovskites in optoelectronic applications.  
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Red oak-derived activated carbon for electrodes of double-layer capacitor 

As global efforts intensify to promote cleaner energy solutions, the development of efficient and sustainable energy storage technologies has become increasingly important. While batteries remain the primary choice, supercapacitors are gaining attention for their superior power density and fast charge–discharge capabilities. This study examines the utilization of red oak biomass as a renewable and eco-friendly precursor for preparing activated carbon electrodes in supercapacitors. The red oak was dried, ground, and carbonized, then chemically activated with potassium hydroxide to improve surface functionality and porosity. Physiochemical characterization included Brunauer–Emmett–Teller (BET) surface area analysis, thermogravimetric analysis (TGA), and Fourier-transform infrared spectroscopy (FTIR) to examine structural, thermal, and chemical properties. Electrochemical performance was evaluated using cyclic voltammetry (CV), galvanostatic charge–discharge (GCD) testing, and electrochemical impedance spectroscopy (EIS). The resulting red oak-derived activated carbon exhibited a high specific surface area of 1163.84 m²/g, an average pore diameter of 3.11 nm, a total pore volume of 0.6 cm³/g, and excellent electrochemical behavior, indicating strong potential as a sustainable, cost-effective electrode material for next-generation supercapacitor applications. 
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Getting to the root of the problem: A comparison of rhizome extracts for the control of cogongrass (Imperata cylindrica) 

Cogongrass is a perennial grass that was introduced to the southeastern United States in 1912 and has since spread aggressively throughout the region. It is very resilient to disturbances as it can propagate through seed and rhizome, which makes it extremely difficult to control. Most efforts to control cogongrass populations have used synthetic herbicides, though burning and tilling have also been explored. A new method applies autotoxic leachates produced by the target plant to the plant for control. Although this method of control has been demonstrated in giant salvinia (Salvinia molesta), researchers have not yet identified the methods to control cogongrass. In this study, we compared how ethanol- and water-derived leachates impact cogongrass growth. We collected cogongrass rhizome from Winston County, MS, chopped it in a blender, then added 700 g of chopped rhizome to each of two jars, one with 1.1 L of water and one with 1.1L of  50% ethanol. Both jars soaked for 24 hours, then were strained to extract the liquid. The ethanol leachate was evaporated and resuspended in distilled water. In addition to the two leachates, we had three control treatments: distilled water, 5% ethanol, and 15% ethanol. Each treatment was applied as a soil drench to three cogongrass specimens. We measured the height and number of leaves daily and photographed each plant every other day. After seven days, we measured the wet and dry biomass of the above- and below-ground tissue of each plant. Preliminary results show that the ethanol treatments all had significantly less dry belowground mass than the water control (p < 0.05), but there were no other significant differences among treatments. Additional analyses and trials are going to be conducted to further explore the use of plant extracts for the control of cogongrass and other invasive plants.  
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Where is Our Movement? 

With the advent of neoliberal policies in the 1970s, income inequality—and the social inequities that accompany it— has been increasing (Piketty 2014). Yet these conditions of socioeconomic division are hardly new in the U.S. South. This presentation examines the specific strategies that Black radical movements employed in the U.S. South during the 19th and 20th centuries to combat the social ills associated with white supremacy, capitalist exploitation and governmental malignance of slavery and Jim Crow. This work serves as a literature review of the histories, theories, and strategies that emerged out of these struggles, and as an illustration of how everyday forms of resistance relate with more overt and large-scale political mobilizations. 
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Synthesis and Characterization of Mn2+ Complexes Inspired by the Cupin TM1459 Protein 

In biological systems, Mn2+ is known primarily to coordinate to a mixture of N- and O- donor amino acid ligands. However, in the cupin protein TM1459, Mn2+ coordinates to four histidine amino acids, specifically to their imidazole side chains. Recent research has noted promising reactivity in oxidative C=C cleavage using this protein. Based on this protein, several novel ligands were synthesized and coordinated to Mn2+. These ligands differ in their substituents on their pyridine rings, one being unsubstituted, one containing a methoxy-group substituent, and one containing a hydroxyl-group substituent. These ligands were characterized by 1H-NMR, and the complexes were characterized with HRMS and X-ray diffraction. Going forward, the reactivity of these complexes in oxidative alkene cleavage will be investigated, along with potential use in manganese chelation as means of fighting infection.  
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Fluorophore Extraction of Fluorescent Polystyrene Nanoparticles  

Fluorescent Polystyrene Nanoparticles (fPSNPs) are valued for their stability and tunable properties. This makes them a staple in cellular imaging, biomarker tracking, environmental pollutant detection, and biological applications.  Our research explored the extraction of fluorophores from carbonylated yellow-green fluorescent polystyrene (PS) microspheres as a model. The procedure contributes to the growing need to treat nanoparticles and extract the fluorophore from polystyrene microspheres safely. Using hexane and acetone, we mainly constructed a technique that effectively isolates fluorescence from PSNPs. Further analysis using a spectrofluorometer revealed clear antiStokes, on-resonance, and Stokes shift emissions. At the same time, ultraviolet-visible (UV-Vis) spectroscopy was implemented to confirm the effects of our treatment. By refining extraction techniques, this research contributes to the advancement of nanoparticle-based sensing techniques in both laboratory and environmental settings. 
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Implementing ImageJ as a Device for Measuring Cannabis-Induced Teratogenic Effects On Zebrafish Larvae Cannabis sativa has been consumed since 2500 BC for its medicinal and psychoactive properties. However, further research indicates that cannabis’ adverse effects could lead to developmental and embryonic genotoxicity. Observations of teratogenic effects minor cannabinoids have among Zebrafish (Danio rerio) larvae could provide more insight as to whether cannabis is the perpetrator for mutagenic effects often seen in utero. Our prior work showed that the psychoactive cannabinoid delta-9 tetrahydrocannabinol (THC) and cannabidiol (CBD) alters zebrafish development, morphology, and behavior. This led to our focus on examination of minor cannabinoids and journey to comprehend whether the observed effects are mediated primarily through endogenous cannabinoid receptors. We hypothesized that the minor cannabinoids cannabinol (CBN), cannabigerol (CBG), and delta-8 THC cause developmental toxicological effects that are mediated by the cannabinoid receptor 2 (cnr2), causing pericardial and yolk sac edema, swim bladder inflammation, and vertebral and caudal curvature. To test this hypothesis, wild-type and cnr2-deficient zebrafish were exposed to increasing concentrations of cannabinoids from 6-96 hours post fertilization (hpf). Treatment groups were randomized with at least n=10 fish/treatment. At 120 hpf, larvae were placed within 96-well plates, where distance and speed were measured during photolocomotor response testing. Afterward, larvae were fixed and transported to the quantitative laboratory where individual larval microscopy (20x) was implemented. The images were then sent to a laboratory computer where, using the software ImageJ to apply imagery analysis, qualitative and quantitative information were determined by blinded reviewers. Dimensional analysis was performed and graphs were then produced to visually compare cannabinoids and determine results. Data indicates that these minor cannabinoids do augment larval morphology, providing support that cannabis and its many accessible products do not always equate to a safe, non-toxic means of recreational or medicinal use. 

 











































92.

Name: McCullough, Cassidy 

Major: Animal and Dairy Science - Bachelor of Science 

Faculty Research Mentor: Molly Nicodemus, Animal & Dairy Science 

Co-Author(s): Emma Farnlacher, Emily Curran, Madison Vandiver, Clay Cavinder, Marcus McGee 

Funding: College of Agriculture and Life Sciences URSP 

Project Category: Biological and Life Sciences 

 

Does the environment influence the physiological impact of virtual reality equine-assisted interaction for college students participating in an on-campus mental health program?  

With the rise of mental health challenges seen on today’s campuses, universities have begun promoting mental health, including the use of campus-based equine-assisted intervention (EAI). Since equines require a unique environment that can be challenging to provide on all campuses, the use of virtual reality (VR) has been offered as an alternative method for delivering equine experiences. The equine environment, even without direct equine interaction, has been shown to positively influence stress levels, but research is lacking concerning environmental influence when participating in VR EAI. Therefore, the objective of this study was to compare stress levels as observed through heart rate and cortisol levels for college students participating in VR EAI within the equine and classroom environments. College students were recruited for one of the following on-campus VR EAI programs: 1) classroom environment (n = 10) or 2) equine environment (n = 14). The heart rate was collected via Fitbit and salivary cortisol samples were collected pre- and post- interaction. T-tests compared pre- and post- values with significance set at 0.05 and tendencies set at 0.10. Pearson correlation coefficient was evaluated to determine the relationship between biomarkers and the environmental type. Results indicated that the equine environment demonstrated a trend in increasing heart rate (P = 0.06), while the classroom VR EAI led to a significant reduction in heart rate (P = 0.02). Although both environmental types had an increase in cortisol levels post-interaction, a tendency was only observed within the classroom (P = 0.07). Interestingly, the only environmental correlation observed was between the equine environment and salivary cortisol levels (r = 0.62). Results suggest that both environmental types physiologically impacted participants, however, further research is needed to investigate additional biomarkers to reflect more fully the effect on mental health. 
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Automated Fronthaul Security Testing in O-RAN with RAN Tester UE  

The shift to software-driven, virtualized 5G architecture has made mobile networks faster and more flexible, but it has also introduced new security challenges. One of the weakest and most overlooked components is the fronthaul, the link between radio units (RUs) and distributed units (DUs), which, despite carrying all control and user data, lacks required integrity protection and remains exposed to eavesdropping, injection, and denial-of-service attacks. This project presents RAN Tester UE (RT-UE), a modular, containerized testing platform that automates fronthaul-layer vulnerability assessments from the user equipment (UE) perspective. RT-UE enables YAML-based configuration of test scenarios, orchestrates containerized attack modules, and provides real-time monitoring through Grafana dashboards. To evaluate fronthaul resilience, we integrated srsRAN’s Radio Unit Emulator with our soft tester UE and used that setup to replay 14 PCAPs, spanning control and user planes and uplink and downlink directions, at 10, 100, and 1000 Mbps from both the RU and DU injection points, yielding 42 total scenarios. Each test was scored on a 1 to 5 severity scale (1 = RU crash, 5 = no impact), and disruption was measured using statistical thresholds on KPIs such as RX TOTAL and late-packet counts. Results revealed clear asymmetry: RU-to-DU control-plane uplink replays caused persistent overload or RU crashes in over 50 percent of cases, even at low rates, while DU-to-RU injections mostly caused temporary degradation. These findings highlight weaknesses in input validation on the fronthaul and emphasize the need for upstream defenses such as anomaly detection and rate limiting. RT-UE enables scalable, repeatable testing that can guide the design of more secure and robust next-generation RAN systems. 
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A Two-Stage Deep Learning Pipeline for Object-Specific Depth Estimation on Construction Sites 

Construction sites are among the most hazardous workplaces, with the U.S. Bureau of Labor Statistics reporting over 1,000 fatalities in a recent year. A significant contributor to these accidents is the lack of real-time spatial awareness. While automated systems with depth-sensing capabilities could mitigate many of these incidents, their high cost prevents widespread adoption. This research introduces a novel, cost-effective deep learning framework that generates precise, object-specific depth information from standard 2D images, offering a viable solution to significantly enhance construction site safety without the prohibitive expense of current technologies. This framework is a two-stage deep learning pipeline designed as a cost-effective alternative to expensive LiDAR systems for enhancing construction site safety. The first stage employs a You Only Look Once (YOLO) model, which processes images in a single pass to rapidly detect and classify critical objects with high precision; the findings show accuracies of 95% for machinery, 91% for safety cones, and 74% for vehicles. Once an object's bounding box is localized, it is fed into the second stage: "Depth Pro," a state-of-the-art monocular depth estimation model. This model analyzes monocular cues like texture and perspective within the 2D image to calculate the object's specific metric distance from the camera. By fusing these two ML approaches, the system moves beyond generic depth maps to provide targeted, real-time spatial data, pioneering a practical, vision-based safety solution whose viability has been validated by our preliminary results. 
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Intrinsic Curiosity-Driven Agent Exploration in a Visually-Rich 2D Gridworld 

Autonomous exploration remains a significant challenge in Deep Reinforcement Learning (DRL), particularly in environments with high-dimensional visual observations and sparse reward signals. Previous research demonstrates applications in robotic space exploration and search and rescue operations, where state perception and data acquisition are critical. A novel intrinsic reward mechanism, designed to foster an agent’s curiosity through visual novelty in a two-dimensional (2D) grid environment, is developed and evaluated to determine its efficacy in autonomous exploration. It is hypothesized that a Structural Similarity Index Measure (SSIM)-driven intrinsic reward will enable an agent, driven solely by intrinsic rewards, to efficiently explore novel visual environments and effectively identify anomalies and significant areas of interest, thereby optimizing resource utilization and maximizing data acquisition. A Deep Q-Network (DQN) agent with a Convolutional Autoencoder (CAE) is implemented to learn robust representations of environment states. The custom-designed MiniGrid environment generates diverse, randomly colored shapes and patterns, providing the agent with a visually rich exploration space. Visual novelty is quantified by the SSIM between ground truth observations and CAE reconstructions. A lower SSIM calculation reflects a higher CAE reconstruction error, which translates into a higher intrinsic reward for the agent. In each exploration experiment, the agent’s performance is evaluated through four metrics: exploration progress (the percentage of unique grid cells visited over the total number of episodes), intrinsic reward signal (the average intrinsic reward received over time), CAE performance (the average reconstruction error), and DRL agent performance. These metrics are compared against a random exploration control. 
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Development of a Finite Element Model for Lumbar Spine Injury Prevention 

Prolonged exposure to vehicular vibration is a well-established risk factor for lower back pain and spinal injury, especially among drivers and workers in transportation, construction, agriculture, and heavy machinery industries. This research aims to develop and validate a finite element (FE) model of the human lumbar spine (vertebrae L1–L5) to investigate the biomechanical spinal structure response to vibration-induced loading. The model is derived from the existing Total Human Model for Safety (THUMS), originally developed by Toyota and implemented in LS-DYNA software. To integrate with a broader multiscale modeling workflow, the THUMS model was successfully converted to NASTRAN and further adapted for use in Abaqus. The lumbar spine, including vertebrae, intervertebral discs, and key ligaments, was anatomically isolated, and appropriate boundary conditions were defined to mimic constraints at the thoracolumbar and lumbosacral junctions. The current effort involves applying both simplified sinusoidal loading and complex road-graph-based dynamic loading profiles that reflect real-world driving conditions. These vibration inputs are being used to simulate and analyze the response of the L1–L5 region. Model validation is being conducted in Abaqus using experimental data from the literature and vibration measurements at the L1–L5 region collected through a separate project. This focused lumbar FE model offers a computationally efficient alternative to full-body simulations and enables detailed assessments of stresses and strains as well as potential spinal tissue injury mechanisms. Once validated, the model will serve as an ethical, reproducible tool for studying vibration-induced spinal injuries, with direct applications in automotive safety design, clinical biomechanics, ergonomic assessments, and occupational health risk mitigation. 
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Impact of human-horse physiological coupling on student perceived stress levels during a collegiate-based equine-assisted interaction program 

After the COVID-19 pandemic college campuses faced a mental health crisis within the student population. As such, campuses incorporated programs to address student mental health including alternative therapeutic strategies such as equine-assisted interaction (EAI). While survey-based research covering collegiate EAI programs is available, the tracking of biomarkers during equine interactive activities is limited. This can be of value due to the physical nature of the therapeutic intervention and the potential of human-horse physiological coupling during EAI. Therefore, the objectives of this study were to determine if there is a relationship between the psychological state of the participant, both human and horse, as observed through heart rate measures and perceived participant stress. College students (n = 26) were recruited for an hour-long EAI program that involved ground-based equine activities. Heart rate monitors tracked both the human and horse participants. Perceived pre- and post-stress levels were determined through a survey instrument using a 4-point Likert Scale with a score of 4 reflecting ‘high stress’. Post-heart rates significantly increased in both the human (post-pre difference: 13.8+16.7 bpm) and horse (post-pre difference: 6.4+6.6 bpm) participants (P < 0.001) with a moderate negative correlation observed between human and horse heart rates (r = 0.46), suggesting human-horse physiological coupling during the event. Perceived stress levels significantly dropped post-interaction (post-pre difference: -0.7+1.1; P < 0.001) and there was a negative moderate correlation observed between heart rate and stress levels (r = -0.30) within the human participant, although a correlation was not observed between horse heart rate and human participant perceived stress levels (r = -0.07). As an exercise-based therapeutic intervention, EAI offers a unique strategy for addressing stress within the student and the physiological coupling between humans and horses may offer an additional benefit not observed within other mental health programs utilizing physical activity.   

 

 

 

 

 

 

 



 

 

 

94.

Name: Oliveira Junior, Marcos Rodrigues 

Major: Biosystems Engineering - Bachelor of Science 

University: Universidade de São Paulo 

Faculty Research Mentor: Barbara Roqueto dos Reis, CREC-White Sand Unit 

Co-Author(s): Fabrício Rossi, Amarilys Macari de Giz 

Funding: National Council for Scientific and Technological Development (CNPq) 

Project Category: Biological and Life Sciences 

 

Estimation of nitrogen in sorghum irrigated with treated slaughterhouse effluent using vegetative indices  Sustainable practices are essential to support both productivity and longevity in agricultural systems. Slaughterhouse effluent, due to its high content of organic matter and nutrients, offers potential for reuse in crop irrigation helping to meet water demand and partially supply plant nutritional needs. The objective of this study was to analyze nitrogen efficiency in forage sorghum plants using the experimental design used was randomized blocks with 5 treatments and 4 replications. The treatments consisted of different concentrations of treated slaughterhouse effluent (TSE): T1: 100% potable water – control (0% TSE); T2: 100%; T3: 75%; T4: 50%; and T5: 25% TSE. Each plot measured 49 m² (7 m x 7 m), totaling 20 experimental plots. Sowing was performed manually at a depth of 3 cm with a row spacing of 0.5 m. The soil was maintained at field capacity, and soil moisture was monitored weekly. The NDVI values for sorghum plants irrigated with TSE showed significant differences (P< 0.05) on days 67 and 74 days after sowing (DAS), using the Scheffé test. On both dates, the 75% and 100% TSE treatments differed significantly from the control treatment (0% TSE), with higher values of 0.115; 0.150; 0.118; and 0.132, respectively. These findings highlighted the potential benefits of using TSE as a substitute for potable water in irrigation at different concentrations. 
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Material Properties Changes: Preliminary Fatigue and Highly Accelerated Life Testing of Materials Used in Nuclear Facilities 

The reliability and longevity of materials used in nuclear facilities depends on their ability to withstand various environmental stressors. This research investigates the changes in material properties as a function of exposure, focusing on glass filtration media and gasket materials used in nuclear containment ventilation and filtration systems. Accelerated aging techniques, specifically Highly Accelerated Life Testing (HALT), are involved in determining critical fatigue boundaries and acceptable exposure profiles. Randomly selected specimens underwent systematic exposure to controlled stressors including thermal cycling, humidity variations, ozone exposure, and water soaking conditions for five days. The exposures were followed by determination of material properties using tensile strength and modulus, water repellency, and thickness testing for glass medium. Similarly, gasket materials were evaluated for tensile strength, compression recovery, and thickness variations under similar exposure conditions. Additionally, dynamic vapor sorption (DVS) isotherms were recorded to evaluate surface stability or damage to the glass fibers and elastomeric gaskets. The analytical data obtained from the tests will enable regulatory agencies such as the Department of Energy, Nuclear Regulatory Commission, and the nuclear power industry to define duration and conditions of use for each material and assist manufacturers in developing advanced nuclear filters, enhancing public safety and safeguarding communities against harmful radiation leaks from nuclear waste treatment facilities. 
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Automated Processing of Impaction Data in Benchtop Simulation of Lumbar Interbody Fusion Device Testing Lateral lumbar interbody fusion (LLIF) is a surgical technique in which an interbody fusion device (IFD) is inserted laterally into an excised disc space in the lower spine. This procedure is one of the leading treatments for spinal disc pathologies such as disc herniation, degenerative disc disease, and spondylolisthesis. Cadaver testing has traditionally been the standard for evaluating IFD performance; however, this practice presents significant challenges such as  excessive cost, limited availability, and variability among cadaveric specimens. To address these issues, this project leverages a modular benchtop drop-weight device designed to simulate cadaveric loading conditions, to assess the efficacy of additively manufactured titanium IFDs. Integrated sensors on the benchtop device capture key performance data, including drop-weight impact velocity, impact force, lateral compression, and IFD displacement, enabling comparison with cadaver-derived benchmarks. For force-time data acquisition, an oscilloscope is used to  visualize the raw voltage waveform (strike) generated upon impact. In cases where a secondary impact waveform was recorded shortly after the initial impact, the data required manual editing to remove the subsequent waveform, as this waveform does not occur in mallet strikes during LLIF surgery and could skew the resulting dataset. To combat this, a new Python script was developed to automatically remove the additional waveform from each impact dataset with  minimal effort. Testing of the code showed similar datasets after the manual removal and automatic removal processes, indicating that the program can be introduced into the standard data processing method. Preliminary testing using a 0, 25, and 75-millimeter drop-weight spring compression setup, used to better simulate the mallet strikes exerted during surgery, has shown promising alignment between benchtop and cadaver data, suggesting the device’s potential as a reliable alternative to cadaveric testing. Ongoing experiments aim to evaluate the system’s  accuracy across varying spring compressions to further validate its effectiveness. 
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Privacy-Preservation of Telecom Signals 

Wireless communication channels are becoming more susceptible to disruptive methods like Direct Sequence Spread Spectrum (DSSS), which involves hard-to-detect underlay signals overlapping with high-power baseline transmissions. Here, we present a modified ResNet-50 incorporated with a privacy-preserving deep learning architecture to identify jamming behavior from cellular spectrogram signals. We were able to classify signals as either regular Long-Term Evolution (LTE) or those that happen in the form of jamming because of the interference of Direct Sequence Spread Spectrum (DSSS) transmissions. This classification was performed within a privacy-preserving framework, ensuring data security while incurring only a reasonable trade-off in classification accuracy. Our method uses spectrograms as RGB images, where each channel captures important frequency-time information to support visual classification using a marginally adapted ResNet-50 convolutional neural network. To avoid compromising leakage of personal signal data during centralized training, we apply Differential Privacy (DP) to the training process. DP operations such as gradient clipping and noise injection are performed on the server side to prevent exposure of single client information from aggregated model updates. Empirical findings indicate that introducing DP incurs a performance cost, reducing classification accuracy from 98.0% to 70.5%, but provides a robust privacy guarantee with ε = 3.28 and δ = 1e-5. The cost is the feasibility of balancing model utility and robust data privacy. The research confirms the effectiveness of using visual signal representation, deep learning, and formal privacy techniques for wireless signal anomaly detection and ensuring data privacy in privacy-critical applications. 
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Developing a Neural Network for Prediction of Interatomic Energies in Iron-Manganese Alloys 

Machine-learned interatomic potentials (ML IAP) for alloy systems have been sought after due to their ability to reduce experimentation costs and time, accelerating alloy development and discovery. However, the explicit inclusion of magnetism in these potentials has been both a difficult and important problem to solve, due to the complexity of spin-lattice dynamics and its significance in the properties of magnetic alloys. We present here the development of an explicitly magnetic Fe-Mn ML IAP using a physics informed neural network (PINN) extension of the rapid artificial neural network (RANN) formalism. It is shown that the potential is capable of reproducing a number of energetic, mechanical, and magnetic properties of the Fe-Mn system, including phase stability and magnetic ordering, as well as thermal and elastic properties. The presented formalism and potential should provide a useful platform for the exploration of magnetic alloy systems and their properties at the atomistic scale. 
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Utilizing Crop Residue, Cotton Stalks, for Bio-Based Panel Production 

The United States ranks third in global cotton production, with cotton being a major crop in the southern region. Cotton cultivation generates a significant amount of agricultural residue in the form of stalks after harvesting, much of which remains underutilized. This study explores the potential of cotton stalks—an abundant agricultural byproduct— for producing a sustainable structural panel. Two types of panels were fabricated: one using strips produced through a novel processing technique, and another using cotton stalk particles following a conventional grinding method. A wood strand-based panel was also fabricated as a control. Phenol-formaldehyde (PF) adhesive and a conventional hot-pressing technique were used to manufacture these panels. According to ASTM D1037, test specimens were cut and evaluated for internal bond strength (IB), bending performance, and dimensional stability. Experimental results showed that the strip-processed cotton panels demonstrated competitive mechanical properties, with performance comparable to wood strand panels. Instead of burning or discarding cotton stalks that contribute to environmental harm, this study demonstrates their potential as a sustainable feedstock for panel production. 
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Nutrient profiling in dry ground maize plant tissues using infrared spectroscopy  

Rapid and accurate measurements of plant nutrients are critical for the timely decisions on efficient input management to ensure optimal yields. Traditional plant nutrient analyses rely on laboratory-based techniques which are time-consuming and expensive. Spectroscopic methods combined with machine learning techniques offer rapid, cost-effective, and non-pollutant analytical tools with the potential to replace conventional laboratory methods. This study evaluated and compared the predictive performance of two portable spectrometers from the visible near infrared (VisNIR, 350-2500 nm), and mid infrared (MIR, 2000 – 6000 nm) regions. Spectral data were collected from dried and ground maize tissues including leaves, stems, grains, tassels and cobs to develop the models for eleven (11) macro and micro-nutrients (N, P, K, Ca, Mg, S, Fe, Mn, B, Cu, Zn). Partial least square regression was used to calibrate the models for pooled (N=651) and individual tissue datasets using 80% of each dataset for training and the remaining 20% for validation. Results showed that macro-nutrient predictions were highly accurate (R² >0.8) while only some micro-nutrients performed satisfactorily. Accuracies were highest in the pooled dataset, with models calibrated using leaf samples showing the highest accuracy among individual datasets. In general, VisNIR spectrometer performed slightly better than the MIR spectrometer. Nitrogen showed the highest performance followed by Ca > K > Mg >S. For micro-nutrients, both spectrometers predicted B, Fe and Mn accurately. The use of dried plant tissues had the advantage of minimized spectral interference from moisture but required more labor for sample preprocessing. Fresh intact scans could be incorporated into datasets to enhance robustness and field applicability, though careful attention must be given to avoid moisture interference on spectral signatures. 
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Neural Network Prediction of Titanium-Aluminum Mechanical Properties 

Technological progress is strongly coupled with our understanding of materials. In fields like aerospace, titaniumaluminum (Ti-Al) alloys are of particular interest for their strength-to-weight ratio and high-temperature performance. The ability to accurately predict these characteristics as a function of composition and processing conditions would reduce research costs by tuning the performance to the application’s needs before producing the physical material. The mechanical properties, and performance by proxy, of a material are dependent on the microstructure of and the interatomic interactions within the material. Thus, we validate the rapid artificial neural network (RANN) potential of the titanium-aluminum binary system for the prediction of mechanical properties via tensile stress simulations in the LAMMPS software package. The RANN potential has predicted the simulation yield strength for a perfect crystal of pure titanium to be 15 GPa. We see that by randomly making about 5% of the hcp sites monovacancies, the yield strength was reduced to approximately half of the perfect crystal, while a spherical void with a radius of 5 lattice parameters had a similar but less pronounced effect. It was also found that by applying a grain boundary perpendicular to the basal plane of one grain and parallel to the basal plane of the other grain, the yield strength was reduced to about a fourth of that of the perfect crystal. By visualizing the simulations in OVITO, we observed the formation and disappearance of bcc layers as well as both deformation twinning and recrystallization twinning. 
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Vision-Driven Language Reasoning for Adaptive Robotic Arms in Unstructured Human–Robot Collaboration As manufacturing shifts from mass production to mass customization, robots are expected to perform varied tasks— such as spatial reasoning and quantitative analysis—while collaborating and interacting with humans on the production line. However, most robots are still confined to repetitive, pre-programmed tasks in structured environments and struggle in unstructured, dynamic settings where object positions and tasks change unpredictably. Hence, there is a critical need for a robotic platform that understands natural human language commands, exhibits reasoning capabilities, and communicates with humans clearly, rather than merely executing fixed routines. To address these challenges, we developed a robotic arm platform augmented with vision and language-based reasoning. A Universal Robots UR10e arm equipped with Intel’s RealSense D455 depth camera allows the robot to perceive its 3D surroundings. We integrate OpenAI’s GPT-4o large language model to interpret human instructions and perform logical reasoning. Through carefully designed prompts, the system translates a user’s request into a sequence of actions, invoking appropriate pre-programmed functions (e.g., computing object sizes, moving objects) to fulfill the task. We demonstrate this approach on a range of tasks: spatial reasoning (e.g., placing all cubes to the right of all cylinders; arranging objects in a circle), quantitative sorting (e.g., ordering objects by descending size), qualitative grouping (e.g., grouping objects by shape), and perceptual filtering (e.g., placing all red objects on the left). Objects are not confined to predefined locations, highlighting the robot’s adaptability. Our platform successfully executed all task types across various object sizes, shapes, and colors, and provided natural-language feedback about each outcome. This human-friendly interface and robust performance significantly lower the barrier for deploying robotic arms in dynamic, unstructured environments. In future work, we will extend this system to assist daily-life scenarios—for example, enabling individuals with mobility impairments to request help fetching items in a grocery store. 
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The navigation of guayule resin: incanilin, partheniol, and guayulins extracts 

Southern Pine Beetles (Dendroctonus frontalis) are native pests responsible for widespread damage to pine forests across the Southern United States. These beetles disrupt the channels in which economic goods and services are demanded for our livelihoods. The spectrum of contemporary economic impacts includes the loss of timber values to forest landowners and a loss of aesthetic and recreational values to a complement of resource consumers (Leuschner, 1980). Estimating the economic impacts of a forest insect epidemic can be very hard to achieve. Beetle epidemics cause a surge in supply, accompanied by a concomitant reduction in timber prices, resulting in losses for all timber producers and gains for timber consumers (Holmes 1991). This study investigates the potential of Guayule (Parthenium argentatum) resin as a natural pesticide against these beetles. Guayule, also called “yerba de hule” is native to the desert of Chihuaha, located in Mexico. It is also found in southern Texas in the United States (Rousset et. al, 2021). Guayule biomass is processed into three fractions: 1) high molecular weight rubber, 2) a resin–low molecular weight rubber mixture, and 3) dry bagasse. In this study, the low molecular weight fraction, containing bioactive compounds such as partheniol, incanilin, and guayulins A–D, was extracted using ethanol, ethyl acetate, and acetone. The chemical composition of each extract was analyzed using Fourier-transform infrared spectroscopy (FTIR) and gas chromatography-mass spectrometry (GC-MS) to confirm the presence of target compounds. 
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Absence of Superconductivity in the Lightly Doped Hubbard Model 

The mechanism of superconductivity (SC) in high critical temperature cuprate superconductors remains an unsolved problem.  The simplest electronic model of cuprate superconductors is the one band Hubbard model.  It models copper atom positions with lattice sites, omitting oxygen atoms for simplicity, and separates the Hamiltonian into hopping (t,t’) and interaction (U) components.  The simplest Hubbard model only considers nearest neighbor hopping, t. To account for overlap between oxygen orbitals also requires next nearest neighbor hopping, t’.  Exact solutions of the model are computationally prohibitive to find for large systems.  Quantum Monte Carlo (QMC) methods such as Constrained Path Monte Carlo (CPMC) can be used in cases where exact methods 

cannot.  Constraining the imaginary time path removes the Fermion sign problem caused by sign degeneracy of Slater determinants.  However, an additional approximate technique known as back propagation must also be used to measure any quantity besides the energy within CPMC.  A newly proposed released constraint measurement method instead releases the path constraint of CPMC for short intervals.  This is more accurate but reintroduces the sign problem.  We present the first calculations of superconducting pair-pair correlations in the Hubbard model using the released constraint technique.  Our results show that in general back propagation tends to underestimate long-range superconducting pairing in the Hubbard model.  Recent work using CPMC has suggested that SC does exist in the lightly doped two-dimensional Hubbard model.  Our results show that superconducting pair-pair correlations continuously weaken with increasing U, suggesting that SC is not present. 



96. 

Name: Rushing, Isabella

Major: Agricultural Science - Bachelor of Science 

University: Mississippi School for Mathematics and Science 

Faculty Research Mentor: Raju Bheemanahalli Rangappa, Plant and Soil Sciences 

Co-Author(s): Lekshmy Sankara Pillai 

Funding: NSF REU: 2418231 

Project Category: Biological and Life Sciences 

 

Drought Impacts on Soybean Leaf Physiology and Root Nodulation During Flowerin  

Drought stress is becoming more frequent and severe, posing a major threat to global agricultural productivity. 

During reproductive stages, drought can impair physiology and nitrogen fixation and cause flower and pod abortion. 

This study examined the physiological and morphological responses of three soybean genotypes (DS25-1, DT974290, Williams 82) to control (100% evapotranspiration-ET) and drought (50% ET of control) treatments under controlled conditions during the peak flowering stage (R2). Replicates of each genotype were subjected to two irrigation treatments, and morphophysiological and pigment data were recorded. After 14 days of treatment, stomatal function was significantly impaired, with a 72% decrease in stomatal conductance and a 57% reduction in transpiration rate, resulting in a 3.4°C rise in leaf temperature. In addition to physiological changes, drought-stressed plants showed an 11.8% increase in the chlorophyll index. Among the tested genotypes, DS25-1 and Williams 82 exhibited higher chlorophyll levels than DT97-4290, which may be attributed to their reduced leaf area and lower dry weight. Furthermore, short-term stress decreased leaf tissue water content by 26.5% compared to control-grown plants, indicating a loss of turgor pressure. This reduced tissue water content and led to a 30% decrease in biomass and a 54.4% reduction in nodulation. DS25-1 exhibited the greatest nodulation loss, at 65%, under drought conditions. Preliminary results reveal that all three genotypes were negatively affected by drought. These findings underscore the importance of screening soybeans for drought tolerance during reproductive stages to identify genotypes with improved plant health and yields.  
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Effects of feed additives on the performance of Nellore cattle during the background phase 

The growing demand for animal protein underscores the need to optimize livestock production. Consequently, it is essential to explore novel nutritional strategies to enhance productive efficiency, with the modulation of the ruminal microbiota emerging as one of the most promising approaches. Modulating the ruminal microbiota is a tool to optimize productive performance, improve feed efficiency, preserve animal health, and reduce the environmental impact of livestock production. The objective of this study was to evaluate the effects of essential oil in the diet of Nellore steers on dry matter intake (DMI) of a protein supplement and average daily gain (ADG) during the backgrounding period. A total of 64 steers [260.2 ± 34.56 kg of body weight (BW)] were randomly assigned to 4 treatment groups: (1) protein supplement 0.1% BW, (2) protein supplement 0.1% BW with monensin, (3) protein supplement 0.1% BW with essential oil, and (4) protein supplement 0.1% BW with both essential oil and monensin. The experimental period lasted 224 days, comprising 84 during the dry season and 140 during the rainy season. Data analysis was conducted in R software and ANOVA was performed using the 'aov' function. Treatments were considered fixed effects. Model residuals were tested for normality using the Shapiro-Wilk test and for homoscedasticity using the Levene test. When P < 0.05, data were subjected to Tukey's mean comparison test. No significant differences in ADG were observed among treatments, indicating that supplementation with essential oil and monensin, either alone or combined, did not affect animal performance under the experimental conditions. However, DMI differed among treatments (P < 0.05), suggesting potential effects of the additives on palatability or ruminal fermentation. Under the conditions of this study, replacing monensin with essential oils did not yield additional benefits in terms of ADG during the backgrounding phase. 
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Characterization of an Aerosol Chamber for Exploring Dust Loading on Alpha Radiation Spectrometers 

Continuous Air Monitors (CAMs) are utilized in nuclear facilities to monitor environmental conditions for radioactive particles. In some facilities, such as the Waste Isolation Pilot Plant (WIPP), the environment consists of a fine dust from the nearby salt mine that can accumulate on the detectors over time and cause them to malfunction. With an aerosol chamber, a controlled environment can be created to study how the dust settles on the detectors and how it influences alpha radiation spectra. Alpha particles can be easily shielded, so dust accumulation prevents the particles from reaching the detector. Once the aerosol chamber was constructed, the first step was determining the aerosol settling’s uniformity. This was examined by loading dust onto media samples and running a statistical test to identify any inconsistencies. Characterizing an aerosol chamber can influence the maintenance of the CAMs in order to reduce radiation exposure to the surrounding workers and environment.  
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Immobilization of Radioactive 129I Within Apatite 

Radioactive isotope of iodine (129I) is a volatile substance produced as a byproduct of nuclear fission. Exposure to this long-lived isotope can be detrimental to humans for thousands of years. In addition, iodine forms different aqueous species, which are soluble and highly mobile in the groundwater system. Therefore, the goal of this study is to research the feasibility of immobilizing 129I within the crystalline structures of apatite. This abundant calcium phosphate mineral is known for its high trace elements uptake capacity. Primary experimentation was conducted in NaCl solutions with variable iodate concentration by placing a small amount of the mineral brushite, to act as a seed crystal to promote transformational apatite growth. Depending on the temperature (50-150°C) of the specific experimental series, samples were then placed within a flask stored in a heated water bath or within a Teflon capsule before transferring into an autoclave for experiments conducted above 100°C. After being left for approximately a month, small amounts of the remaining solution were collected, with the remaining crystals being collected by means of a filter connected to a large flask under vacuum. After a drying period, the resulting crystals were subjected to Xray diffraction analysis, the collected data was compared to pre-existing standards. Secondary experimentation is currently underway, wherein the durability of iodine-laden apatite is being evaluated in comparison to noniodinecontaining apatite by measuring the pH of an experimental solution containing each, respectively. This is being done to assess the long-term viability of apatite as a means to effectively encapsulate iodate. We anticipate presenting data on the rate of brushite to apatite transformation, and hence, iodate remediation. In perspective, subsurface geological repositories containing hazardous waste can be lined with apatite to better protect the water table from containment breaches. 
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Evaluating Soybean Leaf Temperature (SLT) Response to Heat and Drought Stress  

Soybean production in Mississippi contributes approximately 1.6 billion dollars annually to the state's economy. Heat and drought stress can significantly hinder growth in soybean plants, resulting in decreased pod yield, flowering, and biomass. Early detection of these stresses through physiological indicators such as surface leaf temperature (SLT) could improve crop management and mitigate negative impacts. Establishing the link between SLT and environmental stressors is important because it may facilitate automated stress detection using unmanned aerial and ground vehicles (UAVs/UGVs). This study aimed to quantify SLT differences from heat and drought stresses in three different soybean genotypes. To this end, the SLT differences between soybean genotypes Williams 82, DT97-4290, and DS251 were evaluated while being subjected to heat (36°C), drought (50% of control evapotranspiration (ET)), and combined heat and drought stresses. There were also control treatments for each genotype which were kept at an optimal temperature of 30°C and 100% ET. A total of 140 plants per genotype were split across two greenhouses (36°C and 30°C) to simulate heat stress. Within each greenhouse, there is a four-quadrant irrigation system, with two quadrants simulating drought and two serving as control. The SLT of the newest mature leaf was measured every three to five days (weather permitting) between 11:00 AM and 4:00 PM using the Fluke Thermocouple Thermometer. Measurements were taken from seven to eight plants of each genotype across the four treatments. Preliminary results show that plants under heat and combined heat and drought stress had an approximate 17% increase in SLT compared to plants under drought stress and control. Currently, there is little variation in SLT between the control and drought stressed plants and between heat stressed soybeans and soybeans under combined heat and drought stress. Data gathered from this study will support the development of automated stress detection platforms.  
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Soybean Response to Heat Stress at Flowering: Physiological and Morphological Alterations  

Flowering is a crucial phase in crop development that is susceptible to abiotic stress, including heat stress, affecting both yield and productivity. When daytime temperatures exceed the optimal temperature of 30°C for several consecutive days during the reproductive phase, flower and pod abortion can occur, resulting in yield losses. To evaluate the impact of future soybean growing conditions compared to current conditions, three genotypes (DS25-1, DT97-4290, and Williams 82) were exposed to optimal (30°C) and heat stress (36°C) conditions during peak flowering (R2) for 14 days. In this study, physiological parameters, tissue temperatures, and biomass were measured to explore the tolerance of these soybean genotypes to heat stress. Soybeans grown at 6°C above the control temperature (heat stress) showed a 16% increase in stomatal conductance and a 34% increase in transpiration rate. Despite these changes, leaf temperature rose by 2.4°C, and flower temperature increased by 4.2%, resulting in a 14.7% decrease in flower number compared to the control. Among the tested genotypes, DS25-1 maintained the highest flower number under heat stress. Heat stress also reduced source capacity, with leaf area and dry weight decreasing by more than 20% across all genotypes. Overall, biomass declined by 22% in response to heat stress; however, DS25-1 retained higher biomass under heat stress than under control conditions, unlike the other two genotypes. These results are beneficial for future studies aimed at developing heat-tolerant soybean varieties.  
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Survey of decomposition products of ionic liquids at varying pyrolysis temperatures 

Ionic liquids (ILs) are salts that are distinguished by a typically bulky organic cation paired with an anion that can either be organic or inorganic and characterized by a melting point below 100°C. Their high thermal stability and low volatility properties make them attractive for a range of applications including spacecraft propulsion and as lubricants, solvents, and electrolytes. However, decomposition can occur at high temperatures, reducing effectiveness, contaminating processes, or releasing unknown products into the environment. Thus, it is important to understand the molecular nature of high-temperature decomposition products of ILs. This study focused on the thermal degradation of ILs analyzed using pyrolysis gas chromatography–mass spectrometry (pyrolysis GC-MS). Specifically, impact of the nature of the anion, the substituents of the cation, and the temperature of pyrolysis were investigated. Thus far, four ILs (1-(2-methoxyethyl)-3-methyl-imidazolium bis(trifluoromethylsulfonyl)imide, 1-(2-methoxyethyl)-3methyl-imidazolium chloride, 1-butyl-3-vinylimidazolium bis(trifluoromethylsulfonyl)imide, and 1-butyl-3vinylimidazolium chloride), were subjected to pyrolysis in the temperature range of 200-1000°C in increasing increments of 50°C. As known from previous literature, ILs containing bis(trifluoromethylsulfonyl)imide anion exhibited higher thermal stability (little to no detectable decomposition when T < 400 °C) than those with the chloride anion (with decomposition occurring at ~ 250 °C). Assignments of the chemical nature of the decomposition products are ongoing. These findings provide important insights into the practical use and lifecycle management of ILs. 
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Visual Analysis of Heat and Drought Stress Responses in Soybean Using Multispectral Imaging 

Mississippi’s extreme heat and intermittent drought conditions have left the state susceptible to crop loss in its topselling row crop – soybeans. Although phenotypic plasticity (i.e., the ability of one genotype to produce different phenotypes as a response to varying environmental conditions) can vary significantly by cultivar, previous studies reported that plants subjected to heat and drought stress tend to abort flowers and young pods and have closed stomata, high respiration with low photosynthesis, and high leaf temperatures. Furthermore, the combination of heat and drought stress can induce a decrease in stomatal conductance and transpiration and a rise in canopy temperature, which can stunt or halt plant growth. The objective of this study was to evaluate the use of multispectral imagery to detect stress responses in three soybean genotypes – William-82 , DT97-4290, and DS25-1 – grown in two greenhouses, one maintained at an optimal temperature of 30°C (control) and one subjected to heat conditions (36°C). Within each greenhouse, there were two irrigation treatments – a control at optimal evapotranspiration (ET) of 100% and drought (50% ET of control). Every three to five days, data was collected from eight plants per genotype and stress treatment using multispectral imaging. The red, green, and blue (RGB) reflectance bands were analyzed and classified to identify different stressors. Preliminary results show that soybeans in the controlled environment absorb red (~670nm) and blue bands (~450nm) due to more chlorophyll, while the soybeans grown under heat and drought conditions absorbed less in the red and blue bands due to the breakdown of chlorophyll. The near infrared (NIR) reflectance is higher in the controlled environment when compared to soybeans subjected to heat and drought because soybeans grown under optimal conditions are filled with water and have a strong leaf structure. 
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Real-Time Segmentation Model for Vision-Language Navigation 

Vision-language navigation (VLN) is important for providing an interface for robot control, allowing agents to process natural language instructions and navigate environments. However, current image segmentation models for VLN such as Language-Driven Semantic Segmentation (LSeg) are slow and unable to provide object instance information. The objective of this research project is to utilize an effective segmentation model to create an instance-aware vision language map (VLMap) in real-time. To create the VLMaps, sensor data from the robot is acquired via color images, which is then fed into the segmentation model. The segmentation model outputs semantic labels and segmentation masks, which are accumulated into a 3D vision-language map. To determine a segmentation model, the performances of vision models such as LSeg, Segment Anything Model (SAM), Grounded-SAM, and YOLO-E are compared after parameter tuning and inference time optimization by down sampling resolution and frame skipping. Cybersecurity of the system is evaluated by identifying failure modes of the system such as incorrect object detection, lighting/shadow issues, train-test domain shift, adversarial inputs, or data poisoning. Experiments were performed using direct video feed from quadruped robots in a lab and corridor environment and on the ConSLAM dataset. Evaluation metrics for segmented image outputs included segmentation accuracy and inference time. 
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Identifying Obstacles to Professional Achievement Affecting Women in Architecture, and to Determine the 

Causes of High Attrition Rates in South Carolina  

This study aims to identify the obstacles to professional achievement for women in the field of architecture, with a focus on the critical period between graduation from an accredited program and obtaining professional licensure. In addition to universal challenges, architecture contains unique hurdles, such as the internship process; required licensing exams; and profession-specific barriers that contribute to high attrition rates. The original study (2006), centered on South Carolina, as traditional gender roles remain especially influential in the state. At the time of data collection, only 107 out of 975 licensed architects in the state (11%) were women, compared to a national rate of 20%. 

Survey responses identified multiple recurring challenges such as gender bias, family responsibilities, and firm culture. These issues have led some women to leave traditional firms entirely or pursue sole practice to navigate systemic challenges more effectively. Building on this work, the research now incorporates two additional data sets collected in 2019 and 2023. These expanded data sets allow for a broader analysis of trends over time, as well as a chance to explore whether these challenges have shifted or remained consistent. While the analysis is ongoing, our goal is to trace emerging themes and contribute a longitudinal perspective to the conversation about gender equity in architecture.  
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Enantioselective Transfer Hydrogenation to Aryl Ketones Using a Chiral Monodentate Ligand–Ruthenium(II) Catalyst System 

Asymmetric hydrogen atom transfer (HAT) offers a powerful approach for the enantioselective reduction of ketones under mild and practical conditions. In this study, we investigate the catalytic performance of a ruthenium(II) pcymene complex paired with a newly developed neutral chiral monodentate ligand for the enantioselective transfer hydrogenation of aryl ketones. The active catalytic species is generated in situ, enabling efficient hydrogen transfer with isopropanol serving as both solvent and hydrogen donor. X-ray crystallographic analysis confirms that coordination occurs at the N3 position of the benzimidazole ring within the ligand. The use of a monodentate ligand in this system provides a significant advantage over traditional bidentate ligands (such as BINAP or BOX), offering greater flexibility around the metal center. This increased modularity enhances substrate compatibility and allows for fine-tuning of enantioselectivity through steric and electronic modifications of the single donor arm. Preliminary results show promising enantioselectivity, with enantiomeric ratios (er) of up to 88:12 achieved in the reduction of acetophenone. These findings highlight the potential of this ruthenium-based system as a versatile platform for asymmetric catalysis. 
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Finite Element Methods with Anderson Acceleration and its Application to Image Denoising  

Image denoising is an important computational tool with applications in the medical, material science, and defense fields where CT-scans have a lot of noise that degrades quality and clearness. While there are several methods of solving image denoising problems, the one we focused on is total variation where we solve a difficult nonlinear partial differential equation that minimizes noise. There are also many numerical methods to find an approximate solution to this nonlinear partial differential equation, but the one we focus on is the finite element method. In addition, we used a fixed-point iteration method to handle the nonlinearity and obtain convergence. But the main problem arises in the number of iterations needed to achieve convergence due to the complexity of the nonlinear equations. So, we propose implementing Anderson Acceleration to speed up the fixed-point iteration method. In addition, we propose adding length and angle filtering to Anderson Acceleration to reduce redundant data and get convergence quicker. We used MATLAB along with FELICTY: Finite Element Implementation and Computational Interface Tool for You toolbox to execute the computations.  
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Bankrupting Attackers in Skips Graphs 

We address the challenge of defending skip graphs against an adversary who aims to disrupt routing efficiency. Our approach leverages resource burning (RB) -- the verifiable expenditure of network resources -- for each skip graph insertion. By carefully calibrating RB costs, our algorithm mitigates the impact of attacks on routing performance. Under significant adversarial attacks, our defense incurs an asymptotic cost significantly lower than that of the adversary, with preliminary simulation results validating these efficiency gains.  
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From Sensors to Safety: Developing an AI-Integrated Next-Gen Smart Helmet for Construction Sites 

This research presents the development of a smart helmet prototype designed to enhance construction worker safety by integrating Internet of Things (IoT) and Artificial Intelligence (AI) technologies. The helmet is equipped with advanced sensors including proximity and gyroscope modules for real-time monitoring of site hazards. AI algorithms, utilizing supervised and deep reinforcement learning, process sensor data to predict potential hazards and deliver proactive safety alerts. Augmented reality (AR) interfaces provide on-site safety guidance, while virtual reality (VR) modules offer immersive safety training experiences. The project aims to deliver a data-driven solution to minimize workplace accidents and improve safety protocols in construction environments. The undergraduate student contributed to AR/VR module development, gaining hands-on experience in cutting-edge modeling technology. This research aims to advance the implementation of smart safety solutions in the construction industry. Ultimately, this research will help reduce workplace injuries, improve safety training effectiveness, and promote the adoption of innovative technologies for safer construction environments. 
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FedCondGAN: A Novel Architecture for Class-Conditional Data Generation in Privacy-Sensitive Federated Settings 

Generative Adversarial Networks (GANs) are widely used for producing realistic synthetic data, and their conditional variant (cGANs) allows generation to be guided by class labels or attributes. Meanwhile, federated learning enables collaborative model training across decentralized datasets without exposing sensitive data. Although previous efforts have combined GANs with federated learning, such as federated conditional GANs and split-role FedGANs, no existing method, to our knowledge, integrates conditional generation with a clear separation of roles between client and server, nor uses it to sample from specific regions of non-IID data distributions selectively. To address this gap, we introduce FedCondGAN, a novel architecture where clients train discriminators on locally labeled data while a central server trains a class-conditional generator. This approach preserves label privacy, reduces client-side computation, and supports high-quality, class-controlled data synthesis at the server. We detail the theoretical framework and training algorithm for FedCondGAN and explore its potential for scalable, privacy-preserving generative modeling in federated settings. 
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Augmenting Human Dexterity Through Contactless Human-Robot Interaction 

Collaborative robots are increasingly used in high-risk environments such as advanced manufacturing, where human presence may be hazardous, and full robotic autonomy remains limited. In such scenarios, humans provide high-level decision-making while robots execute physical tasks requiring strength and precision. Despite the growing presence of over 4.2 million robots operating alongside humans globally, achieving smooth, reliable, and dexterous interaction remains a significant challenge. This project explores contactless control methods for a Universal Robots (UR) robotic arm using visual input, with a focus on usability and intuitive interaction. The system was developed in stages, beginning with discrete gesture recognition, progressing to continuous 2D hand tracking, and culminating in a 3D motion feedback system using dual-camera input. The robot was tested under various control schemes, including real-time joint control, real-time position control, and predefined point-to-point movement. While real-time position control offered simplicity, it lacked orientation control of the gripper, resulting in non-intuitive motion. To address this, orientation data derived from hand knuckle landmarks was integrated. However, inaccuracies in hand tracking occasionally caused unpredictable behavior. Joint control provided more precise motion but introduced latency and required repeated gesture inputs for consistent operation. Attempts to incorporate roll, pitch, and yaw in position control were limited by joint constraints. Ultimately, integrating spherical linear interpolation (slerp)—a method of interpolating between the current orientation of the tool and the goal orientation of the tool on a sphere—enabled smoother and more consistent orientation transitions. Limitations of vision-based control include dependence on camera positioning and susceptibility to background interference. Future work will compare this approach with alternative interfaces, including inertial (IMU), electromyographic (EMG), and AI-assisted input methods such as voice and text, to enhance the adaptability and reliability of human-robot collaboration systems.  
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Does Ubiquitin activate Ddi2 in trans? 

The Ubiquitin Proteasome Pathway (UPP) is a crucial homeostatic process responsible for degrading cytotoxic proteins that have been tagged with the protein ubiquitin. While ubiquitin is key to maintaining proteostasis and cellular efficacy, it potentially yields adverse effects when paired with the protein DNA damage-inducible 1 homolog 2 (Ddi2). Ddi2 is a known shuttling factor for the proteasome, but its morphology depicts a retroviral protease domain strikingly similar in structure to that of HIV. Its protease domain potentially has implications for creating immunosuppressive microenvironments for cancer cells. Cancer cells exhibit high levels of cellular stress due to various mutations that cause impairment in proteasome function and production.  During proteasome impairment, transcription factor Nrf1 is activated by Ddi2-dependent cleavage at a specific sequence motif, triggering proteasome production. Increased proteasome production may excessively extract MHC-1 molecules for degradation. Inhibiting Ddi2 may increase MHC-1 viability, thereby enhancing antigen presentation. We hypothesized that this Ddi2dependent phenomenon may be facilitated by the allosteric regulation of Ddi2 by ubiquitin. Ubiquitin may bind to the Ddi2 allosteric site in trans, promoting the activation of its protease function. This study aims to test whether ubiquitin chains activate Ddi2 in trans and how this protease functions, requiring the recombinant expression and purification of 11 to 12 proteins. Ddi2 and the proteins associated with this process will be purified from BL21 E. coli and S. cerevisiae.  Proteins were purified by using the ÄKTA Pure chromatography system to isolate the desired proteins from a complex mixture. Results indicate high concentrations of purified proteins that can later be used in enzymatic assays to test Ddi2 activity. 
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Fractal and Multifractal and Fractal Distributions of Bone Tissue Characterizations and AI Model to Ensemble Statistical Interpretations 

We investigated the fractal and multifractal properties of bone tissue micrographs for the early detection of cancer. Bone cancer is rare and is most common in children and teens. Its symptoms are like those of other childhood disorders; therefore, it is commonly misdiagnosed. Conventional diagnostic methods often involve analyzing stained biopsy samples, which can be prone to human error and misdiagnosis. 

To address this, we introduced a physics-based diagnostic method involving fractal, multifractal, and fractal functional distribution analysis of bone optical microscopy micrographs to identify quantitative parameters linked to disease progression. Using optical microscopy, tissue microarray samples (TMA) can be analyzed for specific properties related to self-similarity and complex mass distribution; these properties change significantly with disease progression, leading to changes in their fractal dimensions, which is a measure of self-similarity or fractal properties. Our results demonstrate that fractal and multifractal parameters can effectively distinguish between healthy and cancerous bone tissues, as well as between different stages of cancer. Additionally, the images taken using optical microscopy for analysis are used to train an artificial intelligence (AI) model, aiding in efficient diagnosis. This multiparametric approach provides a robust statistical framework for differentiating between cancer stages and normal tissue, supporting the potential of physics-based methods in medical diagnostics. 
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Investigating Acoustic Emission Characteristics in Transverse Layer of CLT During Center Point Out-of-Plane Bending 

This study investigates the rolling shear failure of cross laminated timber (CLT) by using acoustic emission technology and ringing count data of three different species: southern yellow pine Pinus taeda, red oak Quercus rubra, and yellow poplar Liriodendron tulipifera. Acoustic emission is a series of tiny transient elastic waves generated by the rapid release of energy within a material when subjected to an internal or external force. Two different testing configurations were employed: steel-wood-steel (SWS) and wood-wood-wood (WWW). The SWS configuration was used to directly target the transverse layer, and the WWW was used to simulate the CLT panel. The acoustic activity was monitored during three-point bending tests by referencing ASTM D198 and ANSI/APA PRG 320-2025 standards. The ringing counts -vs- time graph could be categorized into three groups: “gentle period”, “steady period”, and “steep period”. These periods are directly related to the internal acoustic activity based on count rate. The findings showed that the steel-wood-steel configuration did not exhibit a clear trend in acoustic activity, while the woodwood-wood configuration aligned more consistently with the three periods. When analyzing the species-specific data, on average yellow poplar showed more activity than red oak and southern yellow pine, but on average, the magnitude of each hit was greater in southern yellow pine. Minimal activity was detected from the metal plate region when tested separately, which proved that the acoustic activity was generated from the wood. Acoustic emission technology proved effective in correlating the ringing counts to the failure mechanisms occurring in the transverse layer of CLT, demonstrating the potential for monitoring structural integrity of engineered wood products. 
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The Continued Effects of Wild Pig Activity on Wild Forest Ecosystems 

Wild pigs (Sus scrofa; hereafter pigs) have negatively impacted the landscape of the Southeastern United States for centuries. Previous studies regarding these impacts, however, are greatly limited in Mississippi. Damage caused by rooting and wallowing has been observed in agriculture and crop vegetation, but evidence is insufficient for native and wild vegetation. With a scarcity of significant empirical evidence of the damage caused by pigs to native plants, there is a lack of awareness of the long-term impact created by subsequent ecosystem damage. Therefore, we investigated the sustained effect pigs have exclusively on non-agricultural vegetation and, in turn, larger parts of the environment (i.e., hard and soft mast and food sources, hardwood seedling regeneration) to understand the effects of pig wallowing and rooting on understory plant composition. We evaluated 14 randomly selected clusters across the Sam D. Hamilton Noxubee National Wildlife Refuge, each with 3 exclosures and an open reference site. Exclosures encompassed wallows, rooting areas, and undisturbed areas with wire fencing to simulate pig eradication. Data collection included the evaluation of woody stem regeneration within exclosures, line transects of observed species, assessment of canopy cover and vegetation density, and basal area of surrounding overstory and midstory trees. Woody stem density and species composition varied moderately between exclosures, particularly between those on the East and West sides of Noxubee Refuge. Overstory density was similar between most exclosures, with an observed minimum of 95%. The general trend observed after years of data collection is a slow regeneration of native and nonnative vegetation in all exclosures, indicating a limited recovery of non-agricultural plants in areas with pig activity following eradication. 
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Short-Term Drought Effects on the Physiological Functions of Populus deltoides 

Populus deltoides (eastern cottonwood) is a hardwood species utilized by U.S. commercial forestry services for the production of renewable bioproducts. The species grows rapidly and are native to North America, marking the plants the perfect candidate for short rotation biomass growth in the U.S. As climate change increases the severity of drought events in the United States, it is crucial to understand the impacts of these events on bioproduct production such as from P. deltoides. This study aims to assess the impact of drought on the physiological functioning of differing P. deltoides genotypes. Four unique genotypes were droughted, having traits for either high-biomass or low-biomass production. Trees within all genotypes were droughted to determine if different biomass production categories differ significantly in terms of drought tolerance. These genotypes were exposed to a controlled drought period, with physiological traits assessed mid-treatment. The variables measured during the experiment include photosynthetic capacity traits estimated through A/Ci curves, leaf mass per area (LMA), and stomatal density and size using leaf imaging. I hypothesized that low-biomass P. deltoides genotypes will display higher drought tolerance than high-biomass P. deltoides, seen through smaller decreases in the photosynthetic metrics measured-mid treatment between droughted and control groups of the low-biomass genotype. Results show no significant difference in drought response between high-biomass and low-biomass genotypes. However, drought significantly impacted photosynthetic capacity across all genotypes, with photosynthesis rates 69% higher in control trees compared to drought-treated trees. This indicates that drought reduced physiological functioning, however the treatment duration was likely not long enough to detect different genotype responses, suggesting that short-term drought stress impacts all genotypes similarly.  The results of this study contribute to understanding physiological drought responses in P. deltoides and inform future crop improvement and hybrid breeding strategies directed towards increasing climate tolerance in bioenergy crops.  

 

 

 

 

 

 

 

 

 





46.

Name: Wilson, Tetevi 

Major: Computer Science - Bachelor of Science 

University: University of Maryland Baltimore County 

Faculty Research Mentor: Vini Chaudhary, Computer Science and Engineering 

Co-Author(s): Madan Baduwal, Robert Pope II 

Funding: NSF REU: Undergraduate Research in Cybersecurity REU 

Project Category: Engineering 

 

Privacy-Preservation of Telecom Signals 

Wireless communication channels are becoming more susceptible to disruptive methods like Direct Sequence Spread Spectrum (DSSS), which involves hard-to-detect underlay signals overlapping with high-power baseline transmissions. Here, we present a modified ResNet-50 incorporated with a privacy-preserving deep learning architecture to identify jamming behavior from cellular spectrogram signals. We were able to classify signals as either regular Long-Term Evolution (LTE) or those that happen in the form of jamming because of the interference of Direct Sequence Spread Spectrum (DSSS) transmissions. This classification was performed within a privacy-preserving framework, ensuring data security while incurring only a reasonable trade-off in classification accuracy. Our method uses spectrograms as RGB images, where each channel captures important frequency-time information to support visual classification using a marginally adapted ResNet-50 convolutional neural network. To avoid compromising leakage of personal signal data during centralized training, we apply Differential Privacy (DP) to the training process. DP operations such as gradient clipping and noise injection are performed on the server side to prevent exposure of single client information from aggregated model updates. Empirical findings indicate that introducing DP incurs a performance cost, reducing classification accuracy from 98.0% to 70.5%, but provides a robust privacy guarantee with ε = 3.28 and δ = 1e-5. In this context, ε (epsilon) measures the maximum potential privacy loss where lower values indicate stronger privacy while δ (delta) is the very small probability that the privacy guarantee may fail. The cost is the feasibility of balancing model utility and robust data privacy. The research confirms the effectiveness of using visual signal representation, deep learning, and formal privacy techniques for wireless signal anomaly detection and ensuring data privacy in privacy-critical applications. 
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Name: Xie, Laurina 

Major: Environmental Sci in Ag System - Bachelor of Science 

University: Barnard College 

Faculty Research Mentor: Tim Schauwecker, Landscape Architecture 

Co-Author(s): Todd Mlsna, Bailey Bullard 

Funding: NSF REU Award #2150130 – Environmental Focus in Food, Energy, and Water Security

Project Category: Physical Sciences 

 

Assessing Phosphate Absorbance Capability of Engineered Biochar 

Stormwater runoff containing phosphorus, a limiting nutrient for plant growth, can lead to excess algal growth, anoxic conditions, and serious damage to aquatic ecosystems. As such, it is imperative that we find effective ways to manage excessive phosphorus--specifically in its naturally occurring form, phosphate---to maintain ecosystem health. Biochar, a co-product of biomass pyrolysis, has been found to be effective at absorbing organic and inorganic pollutants when engineered and provides a potential low-cost tool for phosphorus remediation. This study uses Douglas fir biochar treated with a metal salt solution (FeCl3 and MgSO4) and KOH to create layered double hydroxides on their surface, making the biochar capable of retaining phosphate ions through anion exchange. This layered double hydroxide biochar (LDHBC) was used in the 2021 construction of six bioreactors along a tributary of Catalpa Creek in Starkville MS, which have been sampled yearly since establishment and analyzed for phosphate concentrations and potential phosphate capacity. Previous years’ results showed the bioreactors could successfully uptake phosphorus, with the bioreactors reaching their peak phosphate concentrations in their second year and their concentrations dropping by the third year. The 2025 samples follow this downward trend, with the analyzed biochar having not only lower phosphate concentrations but also lower phosphate capacity. This trend correlates with the observed degradation in the biochar’s LDH structures over time, as captured by scanning electron microscope (SEM) images of the biochar. Leaching, plant uptake of phosphate have been identified as other possible reasons for the decline in phosphate concentrations, but further testing will be conducted to better understand how much they influence phosphate concentrations. 
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Name: Yamagowni, Hasini 

Major: Biochemistry - Bachelor of Science 

Faculty Research Mentor: Russell L Carr, Department of Comparative Bio Scien 

Co-Author(s): Shirley X Guo-Ross, Hayden M Anderson, Anna Marie Clay, Lexi J Holdiness, Kendall N McKinnon Funding: Bridges to Baccalaureate 

Project Category: Biological and Life Sciences 

 

Anti-Inflammatory Effects of a Novel Nasal Therapeutic in Traumatic Brain Injury 

Traumatic brain injury (TBI) is a significant public health concern in the United States, with at least 64 million adults reporting having experienced one or more TBIs in their lifetime and 2.9 million TBI-related emergency department visits occurring annually. TBI often results from forceful blows or whiplash that induce brain damage, leading to inflammation that exacerbates the damage. Our laboratory is focused on the development of therapeutics to treat TBI. Previously, we observed that intranasal administration of a novel therapeutic reduced markers of brain damage following TBI. Since inflammation plays an important role in the induction of damage, this study investigated the effect of differing impact levels [1.0, 1.5, 2.0, and 2.5 joules (J)] on the expression of the pro-inflammatory cytokines IL-1β, IL-6, and TNF-α. Rats were administered the impact levels, samples were collected at 6 hours post-impact, and expression was determined using qPCR. All impact levels increased the expression of IL-1β and TNF-α, but the differences were not statistically significant. While the expression of IL-6 also increased with all impact levels, the two higher impacts induced statistically significant results. A single administration of the therapeutic 30-min post-impact reduced the increased cytokine expression in rats subjected to the 2.0J impact. Overall, this study further demonstrates the potential of our novel therapeutic in reducing the adverse consequences of TBI.  

  

47.

Name: Youngblood, Mason 

Major: Biomedical Engineering - Bachelor of Science 

Faculty Research Mentor: Steve Elder, Ag & Bio Engineering 

Funding: NIH R15 (Elder) 

Project Category: Engineering 

 

An approach to sustained, intra-articular delivery of punicalagin for the treatment of osteoarthritis  Osteoarthritis is a prevalent joint disease for which there are currently no disease modifying drugs. Punicalagin is a drug derived from pomegranates, and it is known for its antioxidant and anti-inflammatory properties. There is evidence to suggest that punicalagin maybe be a disease modifying osteoarthritis drug and we are investigating in situ forming implants as a means of delivering this drug in a joint. This research focuses on polymer-based implants when formulation parameters, including solvent and polymer ratios, are modified to evaluate their influence on sustained drug release. For implant formation, formulations were prepared and pipetted into aqueous solution. This formed solid implants where the amount of drug released from them could be determined by spectrophotometry. The implant formulations consisted of biodegradable polymers, PLGA and PCL, and multiple solvents; dioxane, NMP, and benzyl benzoate. Preliminary data indicates that PLGA-based formulations provide more consistent and controlled drug release compared to those using only PCL. Further data suggest that the higher the molecular weight of PLGA, the slower the drug release is over time. The data also shows that Benzyl Benzoate drastically reduces the amount of drug released from the implants. The possibility of making microparticles, created by emulsifying the formulations in sesame oil, was also explored because it is generally a less cytotoxic drug depot. Further tests will be done on solution syringeability. A secondary objective was to determine the effect of punicalagin on the production of pro-inflammatory cytokines by chondrocytes. Primary human chondrocytes were cultured and stimulated with alarmin S100A8 and treated with punicalagin. ELISAs were performed to quantify cytokines in the supernatant. Punicalagin was found to inhibit the production of IL-6 and IL-1ϐ in a dose dependent manner. Ongoing analysis is focused on refining polymer ratios to optimize the drug release over longer periods. 



109. 

Name: Zhou, Kallen 

Major: Economics - A&S - Bachelor of Arts 

Faculty Research Mentor: Chris Snyder, Shackouls Honors College 

Project Category: Social Sciences 

 

Late-Stage Capitalism, Consumerism, and Competing Values in Higher Education: A Morphogenetic Analysis Facing widespread student disengagement and dissatisfaction, U.S. higher education is facing a paradigm shift that detaches from its civic and pedagogical origins. A key force that contributes to this transformation is the rise of student consumerism. Currently, existing literature documents the market driven actions adopted by higher education institutions (HEIs) and the consumer roles that students play, these analyses overlook the effect of structural market forces. Specifically, there is little theorization on the relationship between late-stage capitalism and student consumerism. This project addresses that gap in a two-fold method. First, this essay offers a comprehensive historical analysis of the traditional university model, late-stage capitalism and the rise of academic capitalism, and the decline of the liberal arts, offering an overview on the potential dynamics responsible for the trends seen today. Second, this project develops a conceptual contribution understanding the connection between Fredric Jameson’s interpretation of late-stage capitalism and student consumerism through Archer’s Morphogenetic Sequence, developing a causal, time-based conceptual framework. This analysis defined the relationship between late-stage capitalism and student consumerism, contending that current student consumerism is not a result of education policy or culture changes but as the result of structural changes known as late-stage capitalism. Through this theoretical model, this project contributes a novel conceptual understanding of how structural market forces shape student roles and institutional behaviors in U.S. higher education. 

 



























 



107. 

Name: Zhu, Rebecca 

Major: Kinesiology - Bachelor of Science 

University: Madison Central High School 

Faculty Research Mentor: Zhujun Pan, Department of Kinesiology 

Funding: ORED Undergraduate Research Program 

Project Category: Education 

 

Unimanual vs. Bimanual Drawing in Parkinson’s Disease: A Movement Analysis Approach 

Parkinson’s Disease (PD) is a progressive neurodegenerative disorder that affects nearly 1.1 million Americans, with numbers expected to rise as the population ages. Common motor symptoms of PD include tremors, muscular rigidity, bradykinesia (slowness of movement), and impaired balance. These motor impairments significantly impact patients' ability to perform everyday tasks, including fine motor activities such as handwriting. Studying handwriting and movement behaviors offers valuable insights into the progression of PD. Specific handwriting characteristics, such as reduced speed, pressure, and fluency, can serve as important markers of motor dysfunction and may aid in early diagnosis and disease monitoring. Movement analysis also helps detect subtle impairments that may not be visible or are too early to observe in clinical settings. In a previous study (Pan et al., 2023), we examined unimanual and bimanual drawing movements in healthy young adults using a digitizing tablet. Participants performed loop and spiral drawing tasks with one or both hands. Our findings showed that bimanual movements were slower and more synchronized but less curved compared to unimanual tasks, suggesting that bimanual coordination places higher demands on neural control mechanisms. Building on this, we propose applying the same experimental setup to two aging groups: healthy older adults and individuals with PD. By comparing their performance, we aim to investigate how PD, thus associated basal ganglia dysfunction, affects dominant vs. non-dominant hand performance and unimanual vs. bimanual coordination. Particular attention will be given to identifying which kinematic features (e.g., speed, curvature, timing, smoothness) are most disrupted in PD, especially during bimanual tasks, and why these impairments occur. This project aims to develop objective, movement-based assessments to better characterize motor deficits in PD and further understand the role of the basal ganglia in motor control. 
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WELCOME TO THE SUMMER UNDERGRADUATE RESEARCH SHOWCASE



I am thrilled to have you join us at Mississippi State University’s 2025 Summer Undergraduate Research Showcase! This event highlights the innovative research being accomplished at our institution and celebrates the work of our talented students. 

Over the past few months, these students have immersed themselves in hands-on research and collaborated with faculty mentors to explore new ideas and push the boundaries of their fields. Today’s showcase is a celebration of that journey. Whether you're here to present, support, or simply explore, we invite you to engage with the projects, ask questions, and enjoy the energy and creativity that fills this space.

To our student researchers: we’re proud of you. Your dedication, curiosity, and hard work are on full display today, and we hope this experience inspires you to keep exploring and investigating.

To our mentors, staff, and supporters: thank you for guiding and encouraging these students every step of the way. Your commitment and impact are deeply felt.

We encourage everyone to take full advantage of the presentations and discussions and help foster a spirit of collaboration and intellectual interest. There are comment cards available to share feedback with students about their work. Your participation strengthens our vibrant research community.

We look forward to an inspiring and rewarding day. Let’s make today a celebration of discovery, connection, and the bright future ahead. Thank you for being a part of this special event.



Warmly,

Anastasia D. Elder, Ph.D.

Director of Undergraduate Research & Creative Discovery 

Associate Dean, Shackouls Honors College
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