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On behalf the leadership of Missouri University of Science and Technology (Missouri 
S&T) of the University of Missouri System, I welcome you to the 2024 Annual Graduate 
Research Showcase. These research showcases provide opportunities for graduate 
students to showcase the cutting-edge research initiatives they are pursuing at this 
university under the advisement by our distinguished faculty. It is also exciting to note 
that Missouri S&T will attain the Carnegie R1 Doctoral University classification in 2025, 
which marks the achievement of one of the three North Star Goals outlined by 
Chancellor Dehghani (https://chancellor.mst.edu/initiatives/north-star/) and his 
leadership team. The Carnegie R1 classification is used by the Carnegie Foundation to 
categorize doctoral granting universities with the highest performance in key areas 
under research, scholarship, and development. The research by our graduate students 
over the years have contributed towards this great milestone achievement. 
 
The 2024 Graduate Research Showcase highlights some of the outstanding research 
achievements by our graduate students and their faculty advisors across the three 
colleges. It also demonstrates great milestones achievements, dedication to hard 
work, intense research focus, and excellence by graduate students and the superb 
guidance by our renowned faculty mentors. Graduate students: We are very proud of 
your achievements and the courage you have shown in participating in this year’s 
showcase. On behalf of the University, I wish you all success in your presentations and 
research undertakings in your specialty areas. Enjoy your presentations and that of 
your peers and remember all of us in Graduate Education are rooting for your success. 
 
Let me also take this opportunity to express sincere gratitude and thanks to all our 
faculty and industry judges. We appreciate your time commitment, energy and 
resources dedicated to this great program. Your sacrifice, support, and service have 
made possible the implementation of the 2024 Graduate Research Showcase. Thank 
you!! 
 
On behalf of the Graduate Education Team, 

  
Samuel Frimpong, PhD, PEng 
Vice Provost for Graduate Education 
Professor of Mining and Explosives Engineering 

https://chancellor.mst.edu/initiatives/north-star/
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2024 Graduate Research Showcase 

 
 

9:00 am – 9:30 am Registration and Poster Set-Up 
(St. Pat’s Ballroom Hallway) 

9:30 am – 10:00 am 
Opening Address 

Vice Provost Dr. Samuel Frimpong 
(St. Pat’s B Ballroom) 

10:00 am – 12:00 pm Oral Presentations and Poster Session 
(Carver, Turner, Missouri, Ozark Rooms) (St. Pat’s Ballroom A&B) 

12:00 pm – 1:00 pm Lunch Break 

1:00 pm – 3:00 pm Oral Presentations and Poster Session 
(Carver, Turner, Missouri, Ozark Rooms) (St. Pat’s Ballroom A&B) 

4:00 pm – 6:00 pm Reception and Awards Ceremony 
(St. Pat’s C Ballroom) 

 
           *Judges Conference Room – (Silver and Gold Room)  
           *Employer Rooms – (Mark Twain Room, Burgess Room, Shamrock Room) 
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Conference Judges 
 
 
The Graduate Education office would like to thank all the judges for their 
valuable contributions to the 2024 Graduate Research Showcase.  
 
Campus Judges: 

Dr. Md Arifuzzaman*, Computer Science 
Dr. Xiaosong Du*, Mechanical and Aerospace Engineering 
Dr. Taihao Han, Materials Science and Engineering 
Dr. Matt Insall*, Mathematics and Statistics 
Dr. Irina Ivliyeva, Arts, Language, and Philosophy 
Dr. Chang-Soo Kim*, Electrical and Computer Engineering 
Dr. Suman Maity*, Computer Science 
Dr. Gabriel Nicolosi, Engineering Management and Systems Engineering 
Georgette Nicolosi, Library 
Dr. Cheng Wu*, Electrical and Computer Engineering 
Dr. Bohong Zhang, Electrical and Computer Engineering 

 
Guest Judges: 

Dillynn Cook, US Army Corps of Engineers 
Laura Grubbs, Brewer Science 
Scott Heavin, HDR Inc. Engineering 
Rachel Jung, Brewer Science 
Kirn Coleman, US Navy 
Kyle Sims, HDR Inc. Engineering 

 
 
 
 
*Members of the 2024 Graduate Research Showcase Planning Committee 
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Dr. Yun Seong Song Mechanical Engineering, PhD 

Katherin Montes Dr. Jeffrey D. Cawlfield Geological Engineering, MS 
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Department: Computer Science  

Program: Computer Science, PhD 

Advisor(s): Dr. Tony (Tie) Luo 

Funding Source: National Science Foundation (NSF) 

 

  

MOHAMED ELMAHALLAWY 

 
PRIVACY-PRESERVING FEDERATED LEARNING IN LEO 

SATELLITE  

The advancement of satellite technology has facilitated the deployment of small satellites equipped 
with high-resolution cameras into low Earth orbit (LEO), allowing for the extensive collection of Earth 
data for training artificial intelligence (AI) models. However, the conventional method of downloading 
satellite data to a ground station (GS) for training a centralized machine learning (ML) model faces 
significant challenges. These challenges include security and privacy risks during the transmission of 
raw data, limited download bandwidth, and the sporadic visibility of LEO satellites with the GS. 
Integrating federated learning (FL) into LEO satellite networks can address these issues by enabling 
clients (satellites in our context) to train ML models onboard without sharing their raw data with any 
entities. However, implementing FL in LEO networks presents substantial challenges: (2) Transmitting 
models over insecure communication channels poses security and privacy concerns, such as model 
inversion, membership inference, poisoning, and persistent replay attacks; (2) The FL training process 
requires numerous rounds, and due to the sporadic and irregular visibility pattern of LEO satellites, it 
may take several days or weeks for the FL process. In this talk, I provide an overview of addressing 
these challenges in FL-LEO networks, with a focus on safeguarding transmitted models and their 
associated data against potential adversarial threats. 

Mohamed Elmahallawy earned his Ph.D. from the Computer Science Department at Missouri University of Science 
and Technology, USA, in 2024. He holds a B.Sc. (first-class honors) in Communications and Computer Engineering 
from the Higher Institute of Engineering in Elshorouk City, Egypt, obtained in 2012, and an M.Sc. from the 
University of Rostock, Germany, received in 2019. Currently, he serves as a Postdoc at Missouri University of 
Science and Technology, USA. Previously, Mohamed worked as a graduate research assistant at the Department of 
Electrical and Computer Engineering at Tennessee Technological University, USA.  

Mohamed's research contributions are featured in flagship conferences such as PerCom, IJCAI, IEEE BigData, ICC, 
GlobeCom, and MDM, along with esteemed journals like JSAC, TDSC, and IEEE Access. His areas of expertise 
encompass machine learning, federated learning, cryptography, network security, and privacy-preserving 
techniques. His research focuses on applications for low Earth orbit satellite networks, Internet of Remote Things 
(IoRT), and medical domains. 
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Department: Biological Sciences  

Program: Biological Sciences, MS 

Advisor(s): Dr. David J. Westenberg 

Funding Source:  

 

  

SARAH FAKHER 

METAL-ION DOPED BORATE BIOACTIVE GLASSES- A 
NOVEL DIRECTION IN MINIMIZING NOSOCOMIAL 

INFECTIONS AND ANTIBIOTIC RESISTANCE  

Healthcare-acquired infections (HAIs) represent a formidable challenge and induce a substantial 
burden on healthcare systems and patients. These infections result from the interaction of numerous 
pathogenic microorganisms, particularly bacteria, and lead to increased morbidity, mortality, and 
healthcare costs. Extensive research has been carried out to devise innovative solutions, mainly 
focusing on antimicrobial natural and synthetic substances. However, the proclivity of bacterial strains 
to form biofilms complicates treatment and elevates antibiotic resistance, prompting research into 
pioneering more effective and versatile antibacterial strategies. Borate bioactive glasses (BBGs) are 
the latest, remarkable classes of biomaterials with a wide array of medical applications, owing to their 
superior bioactive properties and biodegradability. This research aims to investigate the antibacterial 
properties of copper and zinc-doped BBGs and endeavors to establish their prospective mechanisms 
in inhibiting/preventing biofilm formation and reducing HAIs incidences. The innovative amalgamation 
of Molecular Microbiology and Materials Science within this research paves the way for future 
endeavors to optimize the application of enhanced BBGs in medical settings to combat the pervasive, 
ceaseless threats of HAIs. This study used a comprehensive in vitro predictive modeling to assess the 
anti-biofilm effectiveness/mechanisms of the glasses and aims to explore a new treatment modality 
for metal-ion-doped BBGs for mitigating antibiotic resistance, preventable death ascribable to HAIs, 
and the enormous amount of money spent annually on dealing with HAIs. 

Sarah Fakher is pursuing her Masters Degree in Biological Sciences. While pursuing her degree, Sarah is engaged 
in several leadership and representative roles for graduate students. Sarah is very passionate about Microbiology, 
Bioengineering, and Materials Science; she was placed on the Bio Sci Phi Sigma Honor Society for Academic 
Excellence and won the Claypool Award for Medical Research and Innovation in 2023. 
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Department: Civil, Architectural and Environmental Engineering  

Program: Civil Engineering, PhD 

Advisor(s): Dr. Nicholas A. Libre 

Funding Source:  

 

  

ALI FASIHI 

CHARACTERIZING CONCRETE USING PENETRATION 
TEST  

Evaluation of static yield stress of concrete is an important part of 3D printing process. Static yield 
stress is commonly assessed using rheometers; however, rheometers are expensive, not portable and 
difficult to work with. The automatic concrete penetrometer is a new device developed by the authors 
to resolve this problem and provide reliable estimations of static yield stress. Using this device, a 
series of laboratory tests to investigate the static yield stress of concrete with various compositions 
was performed. The results obtained provide a solid basis to demonstrate the links between mixture 
parameters and static yield stress of concrete. For the sake of comparison, all the concretes were 
tested using a rheometer as well. A good correlation between the results obtained in the test series 
with rheometer and automatic penetrometers was found. This comparison emphasized the 
advantages of using automatic concrete penetrometer to determine static yield stress and structural 
build-up of concrete for 3D printing process. 

 

Key words: 3D concrete printing, static yield stress, rheometer, penetration 

Ali Fasihi is a PhD candidate of civil engineering. Has received his MSc in civil engineering - structure in 2009 and 
started working at the construction sector for over 12 years. He was involved in the design, execution and 
supervision of many large scale industrial, educational and residential structures and infrastructures. Having 
decided to pursue his education, he started his Phd in 2021. During his studies at S&T, with the help of his advisor, 
he has developed many high-tech devices including automatic concrete penetrometer, automatic green strength 
tester, coaxical cylinder rheometer and an automatic universal testing machine. 
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Department: Electrical and Computer Engineering  

Program: Computer Engineering, MS 

Advisor(s): Dr. Ahmed Alsharoa 

Funding Source:  

 

  

NAWFAL GUEFRACHI 

3D LIDAR-BASED FRAMEWORK FOR PEDESTRIAN 
MONITORING IN URBAN ENVIRONMENT 

The growing interest in LiDAR technology, particularly for its precision in capturing detailed, multi-
dimensional data, is enhanced by its integration with Internet of Things (IoT) advancements, expanding its 
use cases. We present a novel system for detecting 3D objects and classifying pedestrian behavior in 
urban traffic surveillance. This system employs elevated LiDAR to collect 3D point cloud data for a 
comprehensive view of urban traffic. To address the challenge of obtaining real-world data, we created a 
unique dataset by simulating varied traffic scenarios using a LiDAR setup in a virtual environment. We 
trained deep learning algorithms on this dataset to identify objects and analyze pedestrian behaviors 
through 3D bounding boxes. Our approach combines object detection, pedestrian activity classification, 
and walking pattern analysis using advanced neural networks, showcasing our system's ability to 
accurately identify and categorize human activities. This demonstrates the effectiveness of elevated 
LiDAR in extensive traffic monitoring. 

 

As a highly motivated and dedicated master’s student in Computer Engineering, they are driven to leverage their 
academic expertise, ambitious mindset, and unwavering perseverance to contribute significantly to innovative 
projects within the field. Their commitment to excellence, continuous pursuit of knowledge, and readiness to 
embrace challenges are aimed at advancing computer engineering technologies. Through their work on developing 
a novel system for detecting 3D objects and classifying pedestrian behavior in urban traffic surveillance using LiDAR 
technology, they have demonstrated an ability to blend cutting-edge research with practical applications. This 
project not only showcases their technical proficiency but also their dedication to driving technological 
advancements that have a positive impact on society. 
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Department: Chemical and Biochemical Engineering  

Program: Chemical Engineering, PhD 

Advisor(s): Dr. Monday U. Okoronkwo 

Funding Source: National Science Foundation (NSF) 

 

  

RUPACK RANJAN HALDER 

EFFECTS OF NANO-ETTRINGITE ON THE HYDRATION 
OF CEMENT 

Ettringite, a naturally occurring phase in Portland cement (PC), is one of the first hydration products that 
control the early-age properties of PC-based cement mixtures. A delay in ettringite formation and 
uncontrolled formation of ettringite can cause deleterious effects in concretes; yet intentional harnessing 
of this mineral enhances the strength and durability of specific cement-based materials. This study 
investigates the effects of nano-ettringite seeds on the early-age properties of PC cement paste. 
Rheology, micro-reaction calorimetry, X-ray powder diffraction, compressive strength analysis, 3D X-ray 
microcomputed tomography, and scanning electron microscopy were utilized to investigate the nano-
ettringite effects. The results reveal that applying nano-sized ettringite accelerates hydration reactions in 
PC pastes, by catalyzing the precipitation of ettringite, enhancing buildability and early-stage strength. 
Calorimetry data demonstrate increased rates of hydration reactions. Rheological data further 
corroborate these findings; indicating the loss of flowability, rate of hardening, and the yield stress growth 
rate constant all increase with higher ettringite dosage. These results imply that ettringite application 
accelerates PC hydration reactions, making it a viable mineral accelerator option for use where rapid early 
strength development is essential. This study expands our understanding of ettringite's impact on cement 
hydration. 

Rupack R. Halder was born in 1991, Bangladesh. He earned his bachelor's degree in Chemical Engineering from the 
Bangladesh University of Engineering and Technology (BUET) in 2015. Following his graduation, he pursued his 
passion for teaching by becoming an educator at a well-regarded school in Bangladesh. His exceptional project on 
energy earned him a prestigious award at the Inter University National Innovation Competition 2016 - organized by 
the Ministry of Power, Energy, and Mineral Resources of Bangladesh. He has also made his mark in various poster 
and oral presentation competitions, including the 3MT, securing finalist or award-winning statuses. He is currently 
advancing his studies as a PhD candidate in Chemical Engineering under the guidance of Dr. Monday U. Okoronkwo. 
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Department: Biological Sciences  

Program: Biological Sciences, MS 

Advisor(s): Dr. Matthew S. Thimgan 

Funding Source: Department Funding 

 

  

JENNIFER HARRELL 

UNRAVELING THE MOLECULAR CONNECTION: SLEEP 
CHARACTERISTICS, OXIDATIVE STRESS, AND 
LIFESPAN IN DROSOPHILA MELANOGASTER 

Inadequate sleep adversely affects numerous organ systems and is associated with diseases such as 
coronary heart disease, stroke, obesity, mental health disorders, cognitive decline, and immune 
problems. This indicates that there is a general molecular mechanism associated with sleep, yet the 
molecular mechanism behind sleep has not been fully elucidated. As an organism ages, its ability to 
efficiently clear reactive oxygen species (ROS) deteriorates. Using multiple linear regression (MLR) and 
functional principal component analysis (FPCA), we predict the lifespan of Drosophila melanogaster based 
on their sleep characteristics, binning the flies into two groups – those predicted to live a long life (LL) and 
those predicted to live a short life (SS). Based on the mortality rates between LL and SS flies in our 
experiments, we established the accuracy of the models in predicting lifespan. We then established a 
molecular link, examining the overall soluble protein between groups. Our LL flies exhibited significantly 
more protein than did the SS flies, supporting our hypothesis of a general molecular mechanism. Further 
experimentation has shown increased GSSG/GSH and HCys/Cys ratios in our SS flies, indicating oxidative 
stress, which is associated with impaired molecular function. These results confirm that there is a link 
between sleep characteristics, molecular function, and lifespan. 

Jennifer Harrell is a second year graduate student in the Department of Biological Sciences. She has a Bachelor's 
Degree in Biological Sciences with a minor in Chemistry. Her research focuses on molecular biology and 
biochemistry associated with oxidative stress pathways and the impact of inadequate sleep on those pathways. In 
her spare time, she enjoys hiking and camping with her family. She also enjoys volunteering with children in her 
community. 
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Department: Biological Sciences  

Program: Biological Sciences, MS 

Advisor(s): Dr. Dev K. Niyogi 

Funding Source: Missouri S&T 

 

  

SYEDA TASFIA IMAM 

EVALUATING THE IMPACT OF CLIMATE CHANGE ON 
AQUATIC FUNGAL DIVERSITY AND ECOSYSTEM 

SERVICES IN STREAM ENVIRONMENTS 
Global climate change is causing significant and profound changes to aquatic ecosystems, resulting in 
impacts on the variety of species present and their overall functioning. Streams, which are essential parts 
of the Earth's hydrological cycle, are especially susceptible to these alterations. This study examines the 
various impacts of climate change on fungal communities in stream environments and investigates the 
resulting consequences for ecosystem processes. Fungi are essential elements of aquatic ecosystems 
and have important functions in the cycling of nutrients, decomposition of organic matter, and as 
symbiotic partners and disease-causing agents for aquatic plants and animals. I conducted a 
comprehensive study to analyze the impact of climate variables, such as temperature, precipitation 
patterns, and extreme weather events, on the composition, diversity, and functional roles of aquatic fungi 
in Ozark stream systems. To do this, I used a combination of molecular techniques to describe fungal 
communities and decomposition assays to measure degradation of leaves. I hypothesized that stream 
drying would lead to a notable change in the makeup of fungal communities and a decrease in 
decomposition. This understanding will enable us to make more accurate predictions and take effective 
measures to minimize the effects on ecosystem functions. Our research enhances the knowledge in the 
field of aquatic mycology and offers important information for the creation of conservation strategies that 
aim to protect the integrity and functionality of stream ecosystems in the face of climate change. 

Syeda Tasfia Imam is currently enrolled in a Master's Degree programme in the Biological Sciences Department at 
Missouri S&T. She is presently researching with Dr. Dev Kumar Niyogi. Tasfia's primary research focus is to examine 
the impact of climate change on streams, stream microbes, leaf litter decomposition, and the diversity of fungal 
communities. Another work is to use molecular techniques to understand better the diversity and assemblage of 
fungi.  Tasfia was born in Bangladesh and obtained her undergraduate degree in Forestry and Wood Technology 
from Khulna University. 
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Department: Biological Sciences  

Program: Biological Sciences, MS 

Advisor(s): Dr. Yue-Wern Huang 

Funding Source: National Science Foundation (NSF) 

 

  

TA-CHUN LIN 

EVALUATING THE IMPACT OF SECONDHAND ENDS 
AEROSOLS ON ROS-MEDIATED ALTERATIONS OF 
EPIGENETIC EVENTS: IMPLICATIONS FOR COPD 

PATHOGENESIS 

In the rapidly evolving field of biomedical research, understanding the impact of Electronic Nicotine 
Delivery Systems (ENDS) on lung health has become crucial. With the surge in ENDS usage, both active 
users and passive bystanders face potential health risks. Our study targets the complex interplay between 
the chemical makeup of ENDS aerosols and their pathophysiological effects, particularly through 
epigenetic and inflammatory pathways. Utilizing a state-of-the-art simulated respiratory system, we will 
dissect the differential impacts of primary and secondhand ENDS aerosols, focusing on the NF-κB 
signaling pathway, a key mediator in inflammation and epigenetic modifications associated with 
respiratory diseases such as COPD. Our research is set to reveal the epigenetic alterations triggered by 
ENDS, offering new insights into their long-term effects on pulmonary health and paving the way for novel 
therapeutic strategies. 

Ta-Chun Lin, a graduate of National Taiwan Normal University with a Bachelor's degree in Life Science (2023), is 
now pursuing a Master's in Biological Sciences at Missouri University of Science and Technology, Rolla, MO, USA. 
Initially focused on neurological research during his undergraduate tenure, Lin has shifted his investigative lens to 
the environmental toxicology of electronic cigarettes in his graduate studies. As a graduate research assistant at 
Missouri S&T since 2023, he is delving into the health impacts of e-cigarette constituents, marking this area as his 
primary research interest. 
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Department: Mechanical and Aerospace Engineering  

Program: Mechanical Engineering, PhD 

Advisor(s): Dr. Yun Seong Song 

Funding Source: National Science Foundation (NSF) 

 

  

MOHSEN MOHAMMADI BEIRAMI 

EXPLORING KINEMATICS CONTRIBUTION TO THE ARM 
STIFFNESS MODULATION DURING OVERGROUND 

PHYSICAL HUMAN-ROBOT INTERACTION 

This work studied the effect of arm kinematics on human arm stiffness modulation during overground 
physical human-robot interaction (pHRI). Previously, using a pHRI robot OPHRIE, it was shown that humans 
decreased their arm stiffness to enhance sensitivity to the partner robot's movement. However, the extent 
to which arm stiffness modulation is from arm kinematics or muscle activation remained unanswered, 
which may be key to understanding effective and intuitive pHRI. For this, we analyzed the kinematics of the 
arm during the pHRI experiment (elbow and shoulder angles), focusing on joint angle modulation during 
which arm stiffness was measured. A linear mixed-effect model was used to assess the impact of 
participants, blocks, and conditions. Results indicated a minimal contribution of arm kinematics 
modulation with no significant differences across conditions. Elbow angles increased with a block number, 
while shoulder angles did not exhibit this trend. The primary source of variability in arm angles was the 
variability due to participants. These findings suggest that in overground pHRI tasks, arm stiffness 
modulation is not highly influenced by arm kinematics. 

Mohsen Mohammadi Beirami is engaged in research focused on developing physically interactive robots intended 
for physical interaction with humans, aimed at studying the biomechanics of humans. The research revolves around 
interpreting mechanical features such as force and displacement, which are interrelated through impedance. 
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Department: Geosciences and Geological and Petroleum Engineering  

Program: Geological Engineering, MS 

Advisor(s): Dr. Jeffrey D. Cawlfield 

Funding Source: Missouri Department of Natural Resources 

 

  

KATHERIN MONTES 

GROUNDWATER MOVEMENT IN BOILING SPRING, 
ONYX SPRING, YELTON SPRING, WILKINS SPRING, 
HUDGENS SPRING AND NATURAL BRIDGE SPRING 

 Onyx Spring, Boiling Spring, Yelton Spring, Wilkins Spring, Hudgens Spring, Natural Spring are located on 
public land Pulaski and Phelps County, Missouri. They were randomly selected to determine groundwater 
movement and compare water chemistry from the ones that are connected. Using a dye tracing method, 
we were able to determine the direction of groundwater flow and characterize the water chemistry at each 
point of the springs. Geology influences as water carries dissolved particles in the karst system when they 
occur. We compared the groundwater pathways to other dye tracing experiments to see overall pattern of 
water movement. Knowing the water system in the area can let us understand the size of areas 
susceptible to contamination. Further interpretations can affirm the unique pathways of the karst system. 

Katherin was born in Icuiza- small village in the mountains of Peru. She earned a degree in Mining Engineering from 
Universidad Nacional del Centro del Perú. After a short time of experience, she was a Fulbright Program recipient 
with the mission to teach indigenous language at the University of Oregon for one academic year. After this special 
opportunity, she appreciated more for her love to nature and decided to pursue studies in hydrogeology at the 
Geological Engineering department at the Missouri University of Science and Technology. In her free time, she 
serves as treasurer and fundraising chair at the International Student Club and also volunteers as Quechua teacher 
at Organizacion Mundial de Apoyo a la Educacion. 
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Department: Mechanical and Aerospace Engineering  

Program: Mechanical Engineering, PhD 

Advisor(s): Dr. David J. Bayless 

Funding Source:  

 

  

PETER OBIDI 

INTEGRATING ARTIFICIAL INTELLIGENCE AND SMART 
SYSTEMS ENGINEERING FOR ENHANCED ALGAL 

CULTIVATION SYSTEMS FOR WASTEWATER 
REMEDIATION AND CARBON SEQUESTRATION 

This study leverages artificial intelligence (AI) and smart systems engineering to advance algal 
cultivation systems for breakthroughs in wastewater remediation and carbon sequestration. It 
explores the potential of algae, particularly cyanobacteria, for their nutrient elimination capabilities 
and exceptional carbon fixation abilities. Traditional cultivation methods were juxtaposed against 
photobioreactor performance to identify areas for improvement. Employing a System of Systems (SoS) 
approach and the SoS Explorer tool, alongside a genetic algorithm optimized by a fuzzy assessor, the 
study focused on enhancing key performance metrics considering affordability, availability, 
characterizability, robustness, and sustainability. Methods included experimental and simulation 
analyses to refine mass transfer processes and optimize algal growth conditions, along with 
innovative biomass harvesting techniques. The results revealed a significantly optimized system 
design, achieving 71.6% affordability, 100% availability, 80.74% characterizability, 59.81% 
robustness, and 68.86% sustainability. This optimization marked a stride towards more sustainable, 
robust, and cost-efficient algal cultivation systems allowing for the further use of AI to improve 
systems’ efficiency. The AI-optimized design indicated a promising direction for nutrient pollution 
remediation and a potential reduction in global carbon emissions by 13.3 gigatons/year. By 
integrating AI with algal biotechnology, the study not only enhanced the optimization process but also 
underscored the scalable, sustainable cultivation systems' commercial viability and environmental 
benefits. This advancement in algal technology promises significant progress in environmental 
remediation, with the potential for producing valuable byproducts such as biofuel, livestock feed, 
fertilizer, pharmaceuticals and supports space exploration. 

Peter Ofuje Obidi is currently pursuing a Ph.D. in Mechanical Engineering at Missouri S & T, with a focus on 
optimizing mass transfer for carbon capture and wastewater remediation under Prof. David J. Bayless. Holding a 
Master’s in Management from Czestochowa University of Technology, Poland, and a Bachelor of Engineering in 
Mechanical Engineering from Delta State University, Nigeria. 
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Department: Electrical and Computer Engineering  

Program: Electrical Engineering, PhD 

Advisor(s): Dr. Jonathan W. Kimball 

Funding Source:  

 

  

OROGHENE OBOREH-SNAPPS 

ACCURATE REACTIVE POWER SHARING IN MICROGRIDS 

This research presents a novel fusion of deep reinforcement learning (DRL) with conventional virtual 
synchronous generator (VSG) control in a bid to minimize the reactive power sharing error in parallel 
inverter microgrid (MG). To achieve this, the decentralized multi-agent DRL (MADRL) strategy is adopted. 
Each agent relies on only local state information to learn and implement an suitable control policy. The 
agents are equipped with the Twin Delayed Deep Deterministic Policy Gradient (TD3) algorithm. The 
objective for each agent is to regulate the output voltage of its local Inverter-Based Distributed Generator 
(IBDG) while minimizing its Reactive Power Sharing Error (RPSE). This is achieved by designing a reward 
function capable of (1) Ensuring the output voltage of each stays within specific bounds and (2) Ensuring 
the observed reactive power-sharing error is minimized. Based on these objectives, each agent modifies 
the reference reactive power for each IBDG, which directly modifies the output reactive power, hence 
achieving the set goal. The performance of the trained agents is validated through MATLAB/SIMULINK. 

Oroghene Oboreh-Snapps received his B.Eng degree in Electrical Engineering from Madonna University, Nigeria in 
2016. He earned his Master's Degree in Electrical Engineering with an emphasis on Control and Power Systems from 
Missouri University of Science and Technology, Rolla, USA in 2019. He is currently enrolled as a Ph.D. Candidate in 
the same field at the same institution as his Master's. In 2022, he received the prestigious College of Engineering 
Deans' Graduate Educator Award for his excellent performance as a Graduate Teaching Assistant. His research 
interest includes microgrid control, deep reinforcement learning, renewable energy and electric vehicle integration, 
power electronics control, and power system stability. 
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GODWIN OGBUEHI 

THE EFFECT OF WATER ACTIVITY ON THE HYDRATION 
KINETICS AND THERMODYNAMICS OF YE’ELIMITE 

CALCIUM SULFATE SYSTEM 

Relative humidity (RH) and water activity (aH) reductions have been known to suppress the hydration of all 
anhydrous phases in cement, including ye’elimite (C4A3$) – the most important clicker phase in calcium 
sulfoaluminate (CSA) cement. However, the relationship between C4A3$ hydration kinetics, water activity, 
and the critical aH at which the hydration of C4A3$ is arrested remains unclear. This study employs x-ray 
diffraction technique, microcalorimetry studies, and thermodynamic analysis to elucidate the influence of 
water activity on the hydration of ye’elimite standalone [C4A3$ + water = Y], and ye’elimite-calcium sulfate 
system [C4A3$ + CaSO4 + water = YG]. Lowering water activity levels is accomplished by substituting 
some of the water in the mixtures with isopropanol (IPA). Experimental findings indicate that as water 
activity decreases, the rates of all reactions associated with C4A3$ are proportionately diminished until 
the reaction is completely brought to a halt at the critical threshold of approximately 90%IPA on a weight 
basis (%wt IPA). The critical aH (the threshold where the hydration of C4A3$ is effectively arrested) and 
solubility product constant of C4A3$ (K_(C_4 A_3 $)) estimated from Thermodynamic analysis are 
established as 0.46 and 10- 25.568, respectively. The findings of this study clearly describe the 
relationship between C4A3$ hydration kinetics and water activity. Additionally, this research introduces 
essential thermodynamic parameters, namely critical aH and K_(C_4 A_3 $ ), which are fundamental tools 
for the numerical modeling of hydration occurring in C4A3$-based cementitious systems. 

Godwin Ogbuehi is a PhD candidate in Chemical Engineering, delving into multifaceted research areas crucial for 
environmental sustainability. With funding from NASA, his focus lies in carbon capture and non-volatile emissions 
characterization. Additionally, supported by the NSF, he delves into the development of sustainable materials and 
concretes. Under the guidance of Dr. Monday Okoronkwo, Godwin contributes his expertise to the Susmat Lab, 
where they are currently engrossed in designing functional materials for efficient CO2 capture and storage. 
Simultaneously, they endeavor to develop a unique cement inspired by the ancient Roman concrete, renowned for 
its significantly reduced carbon footprint. 



20 

Department: Computer Science 

Program: Computer Science, PhD 

Advisor(s): Dr. Sanjay K. Madria 

Funding Source: Army Research Office 

  

MD HASIBUR RAHMAN 

RF-AOD: VARIED RECEPTIVE FIELD SIZES FOR VISION-
BASED UNMANNED AERIAL OBJECTS DETECTION FROM 

MOVING DRONES 
In recent years, there has been a rapid increase in the utilization of drones in various applications, 
including disaster management, military operations, entertainment purposes, and many more. However, 
the proliferation of drones, along with other unmanned aerial entities such as balloons, and kites, 
introduces potential risks to the safe operation of drones in critical tasks. Consequently, researchers are 
exploring diverse approaches to identify and evade airborne objects from Unmanned Aerial Vehicles (UAV), 
ensuring airspace safety. Vision-based detection and tracking of airborne objects from drones have 
become a viable solution, facilitated by the widespread use of cameras in drones, eliminating the need for 
elaborate setups like radar technology. However, in vision-based tasks, challenges such as occlusion, 
shaky video footage, and the diminished recognizability of airborne objects at long distances need to be 
addressed. In this study, we suggest a one-stage method for object detection, incorporating a Receptive 
Field Network (RFN) with varied receptive field sizes as a backbone within the You Only Look Once 
(YOLOv5) framework. This integration aims to grasp the spatial characteristics of objects, placing particular 
emphasis on providing additional attention to the edges of the target objects, especially in cases where 
they are smaller or blend seamlessly with the background. We also propose a new augmented dataset 
comprising 50 videos focused on airborne object detection from drones, encompassing various airborne 
objects such as drones, balloons, and kites. To the best of our understanding, this is the only dataset 
concentrating on both military and non-military drones, along with balloons and kites. By applying our 
model and comparing it with leading UAV detection models such as TransVisDrone, and thp-YOLO on this 
dataset, we attain a state-of-the-art performance, reaching a mean Average Precision (mAP) of 
0.76@0.5IOU and an F1 micro score of 0.76. 

Md. Hasibur Rahman is a PhD candidate in the Department of Computer Science at Missouri S&T. He completed his 
B.Sc. in Computer Science and Engineering from Rajshahi University of Engineering and Technology, Bangladesh. 
Following his undergraduate studies, he served as a lecturer at Bangladesh University of Engineering and 
Technology. His research interests primarily lie in the field of computer vision and its applications. Currently, he is 
actively involved in research on Unmanned Aerial Object detection and tracking from moving drones using vision 
data.
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OMAR RINCHI 

BREATHE & MOVE: A REMOTE BREATHING TRACKING 
SOLUTION USING LIDAR TECHNOLOGY 

 
Breathing monitoring is a critical element in healthcare, serving as a fundamental component of early 
warning systems for serious health conditions. Traditional breathing monitoring tools, while effective, often 
suffer from invasiveness, potential health risks, and privacy concerns, making their integration into 
everyday settings challenging. Acknowledging these issues, our project adopts an innovative strategy by 
proposing the application of Light Detection and Ranging (LiDAR) sensors—a type of 3D remote scanning 
technology capable of transforming the surrounding environment into a three-dimensional digital 
representation. Our proposed methodology unfolds in three stages. Initially, we employ LiDAR sensors to 
perform remote scanning of the environment to detect humans within it. Subsequently, we introduce a 
deep learning approach to recognize the human body parts in the detected 3D human scans. Finally, we 
present a signal processing technique designed to translate the natural movements of the recognized 
chest area, caused by breathing, into signals. Our evaluation demonstrates that by applying our 
methodology, we successfully tracked various breathing metrics of moving human subjects across 
different poses and orientations remotely. 

Omar Rinchi (omar.rinchi@mst.edu) received a B.Sc. degree in Mechatronics Engineering from the University of 
Jordan, Amman, Jordan, in 2020. He is now a Ph.D. student with the Electrical and Computer Engineering 
Department at Missouri University of Science and Technology, Rolla, MO, USA. 



22 
 

 

 

Department: Physics  

Program: Physics, PhD 

Advisor(s): Dr. Shun Saito 

Funding Source:  

 

 
 
  

COLE RISCHBIETER 

DETERMINING OPTIMAL WEIGHTING FOR 
COSMOLOGICAL OBSERVABLES IN THE NON-

GAUSSIAN CASE 

Three-dimensional maps of galaxies probe the large-scale structure of the Universe with which we are 
supposed to answer fundamental questions such as how the Universe began, or more specifically, what 
drove cosmic inflation. Nevertheless, we do not have a rigorous understanding of, given a map of galaxies, 
how much information on the inflationary parameters we can extract and what is the most optimal way to 
analyze the map. This question was partly answered by previous work in the case of Gaussian statistics, 
although a map of galaxies in late-time Universe generally follows non-Gaussian statistics. In this project, 
we aim at developing a rigorous formulation on the basis of the so-called entropy formalism to answer the 
aforementioned questions in the case of non-Gaussian statistics. As a first result, we show explicitly in this 
presentation that we recover the optimal weight from previous work in the Gaussian approximation. This 
allows us to make it clear what assumptions and approximations lead to the Gaussian optimal weight. We 
also discuss our ongoing approach to expand this into the case of multi-tracer maps as well as the full 
non-Gaussian maps. 

Cole Rischbieter is a second-year physics PhD. student at Missouri University of Science and Technology (S&T) and 
he is from Barnhart, Missouri. In 2018 he graduated from Seckman High School and began his undergraduate 
degree at S&T. In 2022 he graduated from S&T and received a bachelors in physics and mathematics. 
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GANESH SAPKOTA 

LANDMARK-BASED LOCALIZATION USING STEREO 
VISION AND DEEP LEARNING IN GPS-DENIED 

BATTLEFIELD ENVIRONMENT 

Localization in a battlefield environment is increasingly challenging as GPS connectivity is often denied or 
unreliable, and physical deployment of anchor nodes across wireless networks for localization can be 
difficult in hostile battlefield terrain. This paper proposes a novel framework for the localization of moving 
objects in non-GPS battlefield environments using stereo vision and a deep learning model by recognizing 
naturally existing or artificial landmarks as anchors. The proposed method utilizes a custom-calibrated 
stereo vision camera for distance estimation and the YOLOv8s model, which is trained and fine-tuned with 
our real-world dataset for landmark anchor recognition. The depth images are generated using an efficient 
stereo matching algorithm, and distances to landmarks are determined by extracting the landmark depth 
feature utilizing a bounding box predicted by the landmark recognition model. The position of the unknown 
node is then obtained using the efficient least square algorithm and then optimized using the L-BFGS-B 
(limited-memory quasi-Newton code for bound-constrained optimization) method. Experimental results 
demonstrate that our proposed framework performs better than existing anchor-based DV-Hop algorithms 
and competes with the most efficient vision-based algorithms in terms of localization error (RMSE). 

Ganesh Sapkota is a third-year Ph.D. student in the Computer Science Department at Missouri S&T, working under 
the supervision of Curators' Distinguished Professor Dr. Sanjay Madria. His research interests are centered on object 
localization and tracking domains using computer vision and deep learning techniques. Currently, he is engaged in a 
project aimed at developing a research solution that enables a moving entity to determine its current location using 
landmark objects while navigating within environments where GPS is either denied or unavailable. 
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MITCHELL SKAGGS 

PERCEPOLIS: A PRACTICAL FOUNDATION FOR 
EFFICIENTLY GENERATING AND PROVING OPTIMAL 
DEGREE PATHS USING CONSTRAINT PROGRAMMING 

Course selection, degree planning, and, more generally, curriculum analysis are common tasks for 
educators and students alike. However, the current commercial tools for degree planning are limited by 
simplified or inaccurate degree requirements and the current state-of-the-art research is limited by 
reduced course options and slow processing times. In the PERCEPOLIS (Pervasive Cyberinfrastructure for 
Personalized eLearning and Instructional Support) project, we aim to facilitate highly "networked" curricula 
(replacing traditional "linear" curricula) to improve the student experience, and these limitations stood in 
our way. To overcome this, we developed a constraint programming (CP) model of a student's degree path 
by transforming data from S&T's degree audit and course databases directly into variables, constraints, 
and objectives that the Google OR-Tools CP-SAT (constraint programming Boolean satisfiability) solver can 
optimize for. We go beyond a naive encoding of the requirements and apply targeted structure-preserving 
model optimizations, which allows us to provide near-real-time feedback to students when generating 
personalized degree paths. 

Mitchell Skaggs is an MS student working in the SeNDeComp group on the PERCEPOLIS project. He joined the 
Accelerated MS program with the group in Fall 2019 and graduated with a BS in Computer Science and minor in 
Mathematics in Fall 2021. As an undergraduate on the PERCEPOLIS project, Mitchell developed a proof-of-concept 
improving upon the previous work that would become the subject of his MS thesis. While on-campus, he played 
trumpet in a music ensemble, worked with researchers in the Geology department to develop a small website, and 
participated in competitive programming. When not working on research, he enjoys contributing to and developing 
open-source software, managing his homelab of Linux servers, growing his factory in Factorio, and working through 
his classic sci-fi reading backlog. 
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KYLE WHITLATCH 

ENHANCING IOT NETWORKING LEVERAGING 
BLOCKCHAIN 

The rise of the Internet of Things (IoT) has led to an increase in smart data sensing. Edge computing has 
become prevalent due to the limited ability of IoTs. One of the problems with edge computing is the need 
to distribute multiple copies of the same configuration information across multiple machines. This can 
potentially create integrity issues with the edges, affecting their ability to correctly serve the users who are 
looking for the data being generated by the IoT sensors. This problem compounds when there are no 
control mechanisms in place to ensure that the IoTs are delivering data to the user's satisfaction. We 
propose the use of Service Level Agreements (SLAs) to formalize the relationship between the IoT and the 
users. These SLAs are then enforced using smart contracts within the blockchain. Using the power of 
modern blockchain development environments, we implement a simulation of an edge-enhanced IoT 
network and evaluate the effectiveness of dynamic reassignment to maximize user satisfaction with data 
delivery. 

Kyle Whitlatch is a 3rd year Ph.D. student at Missouri S&T following his Bachelor's from Missouri S&T. He has gained 
internship experience in the field of systems security. His research is focused on mobile networking and security and 
the potential of distributed systems and the Blockchain technology to augment the capabilities of mobile computing 
applications. 
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KYLE WORDEN 

EFFECT OF THERMAL RELAXATION MODELS ON 
HYPERSONIC PLANETARY ENTRY FLOWS 

This study compared the effect of two thermal relaxation time models on the aerothermodynamic analysis 
of a hypersonic planetary entry vehicle. To model the flow field in thermo-chemical non-equilibrium, 
computational fluid dynamics was performed on a sample return mission vehicle experiencing hyperbolic 
reentry conditions in Earth atmosphere. Thermal relaxation times were calculated from the Landau-Teller 
theorem with the collisional cross-section correction for high temperatures. The model coefficients are 
obtained from two sources for comparison, the Millikan & White 1963 curve-fits, and the Park 1993 
empirical model. Both models are used extensively in the current literature. An 11-species model was 
used for the flow field chemistry including dissociation, exchange, and ionization reactions simulated with 
finite-rate models. The effect of using different thermal relaxation models was investigated on shock-layer 
radiation, surface heating, and ablation of a representative carbon based thermal protection system with 
both finite-rate and equilibrium char assumptions. 

Kyle Worden was born abroad in Kusel, Germany in 1992. Growing up in southwest Missouri, Kyle had a strong 
interest in military aviation, which lead to him joining the U.S. Marine Corps in 2011. After his time in the Marines, 
Kyle went back to school, first earning his A.S. in engineering from Ozark Technical Community College, where he 
then Transferred to Missouri S&T where he graduated Magna Cum Laude with his B.S. in Aerospace Engineering in 
2020. Kyle began working on his doctoral degree immediately after his undergraduate studies, working in the 
Aerospace Simulations Lab under Dr. Serhat Hosder to perform high-fidelity computational fluid dynamics research 
in hypersonic flows. Kyle was awarded the Chancellor’s Distinguished Fellowship in 2020. Additionally, Kyle 
worked as a graduate teaching assistant for 2 years, as well as a NASA Langley intern in 2021. Kyle's other PhD 
work is supported by a Department of Defense project focusing on the investigation of directed energy radiation 
interaction for hypersonic applications. 
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ADEMOLA ADESOKAN 

TRUDIR: TRANSFORMER-BASED RELEVANCY AND 
URGENCY CLASSIFICATION FOR DISASTER RESPONSE 

 
In disaster management, rapidly and accurately responding to relevant and urgent information from 
social media platforms, especially Twitter, is pivotal. This paper presents TRUDiR, a transformer-based 
classification system for event type, relevancy, and urgency specifically designed to enhance disaster 
response efficiency. TRUDiR addresses two critical challenges: filtering out irrelevant data and 
assessing the urgency of the relevant information. Our approach incorporates a detailed multi-level 
annotation process for event type, relevancy, and a unique urgency annotation algorithm, significantly 
improving the accuracy and efficiency of information extraction. Our classifier (TRUDiRdl) utilizes a 
deep learning pipeline architecture created using a combination of transformer models, a convolution 
layer, and custom attention mechanisms; this system classifies disaster-related tweets into multiclass-
event type, binary-relevance-and-urgency categories, and further ranks the urgent ones based on 
significance. Experimental results reveal that our best baseline classifiers for all three tasks are ≥ 88% 
F1 and accuracy, and ≥ 94% AUC. Also, our best models from the three tasks outperformed models 
from related works in all metrics. Our finding validates the effectiveness of TRUDiR in enhancing and 
prioritizing response messages that will facilitate decision-making and resource allocation in disaster 
scenarios. 

Ademola is a second-year PhD student. His ability to bridge the gap between research findings and their practical 
applications makes him an indispensable researcher. His insights into potential applications and his experience in 
dealing with the realities of world problems are crucial for his research projects. 
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MOHAMMAD HOSSEIN AFSHARMOVAHED 

PHYSICS-INFORMED MULTITASK LEARNING FOR ROOF 
INSPECTION  

This research project introduces a novel approach for building roof segmentation utilizing physics-
informed multitask machine learning. By leveraging a shared feature extractor within a neural network 
framework, our model simultaneously performs roof type and material segmentation tasks. Through 
feature decomposition and skip connections, our architecture effectively captures both type-specific and 
material-specific features, enhancing segmentation accuracy. By explicitly considering the physical 
relationship between different tasks, we improve the accuracy of each task. We evaluated our model on a 
dataset comprising 94 annotated images of building roofs taken from the roof tops of Missouri S&T 
campus buildings, achieving high mean Intersection over Union (mIoU) scores around 85% and accuracy 
of almost 95% for both tasks. Detailed analysis of individual class performance demonstrates the 
effectiveness of our approach across various roof materials and types. This research could contribute in 
roof inspection, such as damage and water leakage detection as well as infrastructure monitoring, and 
urban planning and maintenance. 

Mohammad H. Afsharmovahed, currently a Ph.D. candidate at Missouri University of Science and Technology 
(Missouri S&T), is actively engaged in research at the Center for Intelligent Infrastructure where CII creates, conveys, 
and applies engineering knowledge and operation intelligence that help solve the world’s increasing challenges with 
aging infrastructure for a safe, sustainable and resilient community and environment. As a Kummer Innovation & 
Entrepreneurship Doctoral Fellow, he is at the forefront of innovation and research in civil engineering, leveraging 
his expertise in structural health monitoring, AI techniques, and sustainability using image processing for structural 
inspection with aerial imagery. Mohammad earned his B.Sc. in Civil Engineering and his M.Sc. in 2020 in Structural 
and Earthquake Engineering where his thesis focused on bridge structural health monitoring through data feature 
extraction and machine learning. 
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MAHMUDA AKTER 

MOVE:  MATCHING GAME FOR PARTIAL OFFLOADING IN 
VEHICULAR EDGE COMPUTING 

Autonomous Vehicles (AVs) require substantial computational resources to perform operations that safely 
navigate vehicles in urban road networks. Resource-intensive operations are offloaded to roadside units 
(RSUs), acting as edge servers, to improve the responsiveness and reduce the energy consumed in 
execution. In this context, a cooperative execution involving the vehicular on-board units (OBUs) and the 
RSUs can act as a game changer. However, partial offloading is non-trivial and demands addressing the 
following research challenges. Firstly, the RSU's resources are limited, necessitating regulated resource 
assignments. Secondly, capturing distinctive vehicle parameters using a unified ranking scheme is 
imperative. Thirdly, an efficient partition strategy must consider the energy expended and adhere to the 
real-time operations' deadline needs. This paper proposes a partial offloading scheme, MOVE, catering to 
the abovementioned challenges. A deferred acceptance algorithm (DAA) with preferences is proposed to 
address the first two challenges, whereas a novel energy-aware partitioning strategy resolves the final 
challenge. The performance of the proposed scheme is evaluated against baseline algorithms, and we 
observed a 54.04% and 52.17% reduction in offloading latency and energy. 

Mahmuda Akter is currently pursuing her PhD in Computer Science at Missouri University of Science and Technology. 
She completed her Bachelor of Science at Khulna University of Science and Technology, Bangladesh. Her research is 
focused on the computation offloading aspects of vehicular edge computing. 
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HASAN AL-ABEDI 

REFUSE-DERIVED FUEL (RDF) AND OIL SHALE CO-
PYROLYSIS 

This research delves into the co-pyrolysis of Refuse-Derived Fuel (RDF) and oil shale, utilizing a 50% weight 
ratio for each component. The study employs a fixed-bed reactor, augmented by electrical kiln heating, to 
conduct the co-pyrolysis process. A significant aspect of this research is the use of Aspen Plus software for 
process simulation, with the simulated results undergoing validation through experimental data. A 
commendable correlation was observed between the experimental outcomes and the model predictions, 
underscoring the reliability of the simulation approach. The investigation reveals distinct product yields 
from the pyrolysis of 100% RDF and 100% oil shale (OS). Specifically, the pyrolysis of pure RDF yielded 
45.26% gas, 20.67% oil, and 34.07% char by weight. In contrast, the pyrolysis of pure oil shale resulted in 
14.51% gas, 8.32% liquid, and a significant 77.61% char by weight. The co-pyrolysis of RDF and OS in a 
50% blend altered the product distribution to 31.98% gas, 12.58% liquid, and 55.09% char by weight. 
Furthermore, the Aspen Plus simulation model aligned closely with these findings, predicting yields of 
30.2% gas, 13.2% oil, and 56.6% char by weight for the RDF-OS blend. This study not only elucidates the 
co-pyrolysis behavior of RDF and oil shale but also contributes valuable insights into the potential of these 
materials to address the pressing issue of plastic waste management and energy resource utilization. 

Hasan is currently pursuing a PhD degree in the Chemical and Biochemical Department at Missouri University of 
Science and Technology, focusing on biofuel production from both conventional and unconventional feedstocks 
using pyrolysis process. He earned his B.S. in Chemical Engineering from the University of Technology, Iraq, in 2018, 
specializing in Petroleum and Gas Refining Technology. During his undergraduate studies, Hasan had the 
opportunity to join Dr. Smith's research group as an undergraduate researcher. He contributed to projects involving 
Syngas production through biomass gasification and anaerobic digestion processes. 
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KOLAWOLE AROWOOGUN 

CHARACTERIZATION OF KASKASKIA ISLAND LEVEE 
USING TOWED- TRANSIENT ELECTROMAGNETIC 

METHOD AND ELECTRICAL RESISTIVITY TOMOGRAPHY 

Levees Levee foundation failures are largely due to poor understanding of underlying geologic material. 
During the 2013 and 2015 flood events.  To avert future occurrence, we combined towed transient 
electromagnetic (tTEM), and electrical resistivity (ERT) methods with existing geological information to 
characterize the foundation soils along the vulnerable stretch of Kaskaskia Levee. The tTEM mapped the 
variable clay layer blanket, the resistive substratum sand layer, as well as the Mississippian age bedrock 
units. The ERT revealed the presence of possible saturated sand within the substratum, and a shallow silty 
sand eroding into the blanket due to increased hydrostatic pressure from the riverside, which mobilizes 
the substratum sand through the blanket. The blanket appears thin (< 5 m) in past sand boil locations 
suggesting that the substratum sand has intermixed with the clay blanket thereby providing a seepage 
path through the blanket causing sand boil formation during large flood events. In addition, the tTEM and 
ERT reveal a resistive blanket consistent with the 1993 Levee breach location, which may be due to the 
presence of hydraulic fill materials deposited as part of remediation of the scoured holes from the breach. 
The geophysical results correlate reasonably with existing geological data. This study demonstrates the 
effectiveness of combined geophysical techniques in characterizing levee foundation and its utility in 
providing valuable information useful in reducing levee failure. 

Kolawole Arowoogun is a Kummer I&E Doctoral Fellow in Geological Engineering at Missouri S&T, MO. He holds a 
master’s degree in geoscience with a concentration in geology from Georgia State University, Atlanta. Kolawole's PhD 
research focuses on leveraging shallow geophysical techniques (TEM, EMI, and ERT) and UAV-based remote sensing 
to enhance the understanding of levee failures along the Mississippi River. 
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YASMINE ATTIA 

UNMASKING DEMENTIA BY MASKING INPUT GRADIENTS 

The evolution of deep learning and artificial intelligence has significantly reshaped technological  
landscapes. However, their effective application in crucial sectors such as medicine demands more than  
just superior performance but also trustworthiness. While interpretability plays a pivotal role, existing  
explainable AI (XAI) approaches often fail to reveal instances of Clever Hans behavior, where a model  
makes correct predictions using spurious correlations or biases in data. Likewise, current post-hoc XAI  
methods are susceptible to generating unjustified counterfactual examples. In this paper, the authors  
approach XAI with an innovative model debugging methodology realized through Jacobian Saliency Map  
(JSM). To frame the problem in a concrete context, Alzheimer's disease (AD) diagnosis is employed as the  
use case, motivated by its significant impact on human lives and the formidable challenge in its early  
detection due to the intricate nature of its progression. An interpretable, multimodal model for AD  
classification over its multi-stage progression is introduced, incorporating JSM as a modality-agnostic tool  
that provides insights into volumetric changes indicative of brain abnormalities. Extensive evaluation,  
including an ablation study, manifests the efficacy of using JSM for model debugging and interpretation,  
while significantly enhancing model accuracy as well. 

Yasmine Attia is a PhD student in the Computer Science department at Missouri University of Science and 
Technology in Rolla, MO. She earned both her master's and bachelor's degrees from the Faculty of Computer 
Engineering at the German University in Cairo, Egypt. Yasmine's research is primarily concentrated on leveraging 
Machine Learning for healthcare diagnostics, with a specific emphasis on dementia. Additionally, she delves into the 
realm of Explainable and Trustworthy Artificial Intelligence, aiming to enhance the transparency and reliability of AI 
systems. 
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ADRIAN L. BATISTA PLANAS 

THEORETICAL STUDY OF LONG-RANGE MOLECULAR 
INTERACTION 

Gas phase molecular dynamics is an active area of research due to its relevance in many fields of study, 
such as atmospheric chemistry, environmental chemistry, and astrochemistry, with a vast range of 
applications. For instance, studies of important molecules in our atmosphere, such as ozone (responsible 
for protecting us from solar radiation) or carbon monoxide (one of the vital trace gases used in the study of 
air quality and climate forcing), and many others, are essential for understanding phenomena like global 
warming, pollution, or acid rain formation. These molecular systems are found in environments where the 
system population is away from thermal equilibrium. Therefore, interpreting the observations requires 
simulating the molecular interactions with an accurate Potential Energy Surface (PES). For many 
applications, the long-range region of a PES (dominated by electrostatic, induction, and dispersion) is 
crucial; however, although its theoretical description is a well-studied subject, implementing its 
mathematical formulation can be highly challenging. Our program, "Long-Range-Fit" (LRF), is an interactive, 
user-friendly interface designed to assist in fitting the long-range region of a PES for systems composed of 
(any) two rigid molecules. So far, LRF has been employed for eight different research groups to analyze 
almost twenty relevant molecular systems in astro-chemistry and atmospheric chemistry. 

Adrian L. Batista-Planas is an accomplished Ph.D. student, deeply passionate about Mathematics, Physics, 
Chemistry, and the broader realm of science. Having obtained his Bachelor of Science in Physics, he was honored 
with the prestigious Kummer Doctoral Fellowship, commencing his Ph.D. journey in 2021 under the esteemed 
guidance of Professor Richard Dawes. His scholarly pursuits primarily focus on physical chemistry, specializing in 
developing precise Potential Energy Surfaces essential for molecular simulations. Batista-Planas has contributed to 
the scientific community, notably through the creation of the Long-Range-Fit software, which garnered acclaim as the 
recipient of the Best Poster Presentation award in the Theoretical section of the XXVIII Dynamics of Molecular 
Collisions Conference, a distinguished event within the field of physical chemistry. Beyond his academic endeavors, 
Batista-Planas finds inspiration in exploring nature, a passion that fuels his creative pursuits. 
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GRACIE BOYER 

ENABLING ADVANCED ARCHITECTURES FOR THICK 
AND ANODE-LESS ELECTRODES THROUGH ADVANCED 

ULTRA-SHORT LASER MICRO-STRUCTURING 

Though lithium-ion batteries are the power source of choice for numerous electronics, two primary 
concerns exist for the future of this technology. First, the conventional planar cell design is approaching its 
volumetric energy density limit, necessitating changes to the internal cell chemistry or architecture for 
further improvement. Second, the era of liquid electrolyte is coming to an end as more companies are 
looking towards batteries with safe, solid-state electrolytes that can be incorporated into flexible or load-
bearing systems. To address these issues, an ultra-fast laser, with a minimal heat-affected zone, is utilized 
for micro-structuring electrode materials to unlock numerous benefits for lithium-ion batteries. These 
include creating a novel micro-structuring design that shortens the ionic diffusion routes and enhances 
electrolyte wettability, enabling the use of thick electrodes, improving the electrode and solid polymer 
electrolyte (SPE) interfacial contact area, and overcoming the limitation of low ionic conductivity for 
SPE/anode-less systems. 

Gracie Boyer is a 2nd year PhD student in the Mechanical Engineering department. Her work focuses on advanced 
manufacturing techniques for lithium-ion batteries including topics such as structuring of thick electrodes, atomic 
layer deposition for thin film coatings, and solid polymer electrolytes. 
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AIDEN BROOKS 

QUANTIFYING IMAGE MAPPING FEEDBACK DYNAMICS 

Many feedback control sensors measure process variables directly. For example, a thermocouple might 
directly sample oven temperature. However, distributed sensors such as camera systems often return 
measurements which are indirectly related to the controlled process variables. In these cases, an order-
reducing mapping is usually employed to construct a virtual sensor and cast data into a parameter of 
interest; for a manufacturing process, image data from the machine path might be cast to deposition area 
or cut width. However, images from such manufacturing processes inherently couple process history with 
spatial position as the process feeds across the camera's field of view. Consequently, the input-output 
dynamics of the virtual sensor can vary widely with the specific choice of mapping algorithm employed - 
even when other process parameters are fixed. Broad recognition of these mapping dynamics has lagged 
machine vision usage in feedback control, so we aim to improve awareness by investigating phase-delay 
variations among different image mappings in application using our glass-filament additive manufacturing 
process. 

Aidan J. Brooks graduated summa cum laude from the Missouri University of Science and Technology in May 2021 
with his B.S. in Mechanical Engineering and a minor in Mathematics. He is currently a Ph.D. student in Mechanical 
Engineering at the Missouri University of Science and Technology. His research interests include additive 
manufacturing, machine vision, control theory, and industrial automation. 
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BAHAA CHAMMOUT 

UNDERSTANDING THE UNDERLYING TRENDS IN 
CONSTRUCTION LABOR WAGES: A DATA-DRIVEN 
MIXED-METHODS COMPUTATIONAL APPROACH 

Precisely forecasting construction costs is crucial for maintaining financial stability for contractors and the 
broader construction sector. Nonetheless, this task has long been acknowledged as challenging. Recent 
global events and inflationary pressures have notably driven up construction labor expenses. While 
existing research examined labor shortages, there remains a gap in understanding the diverse labor wage 
trends. This paper addresses this research gap following a multistep methodology, which included: (1) 
gathering and preprocessing labor wages data from 2012 to 2022; (2) conducting trend and correlation 
analyses to discern the underlying patterns in labor wages and their interrelationships; (3) employing 
clustering analysis to categorize construction occupations based on their wage change volatility; and (4) 
utilizing time series analysis to forecast median labor wages for the 2023-2027 timeframe. Trend analysis 
first reveals wage correlations among the various occupations, with consistent upward patterns observed 
across most occupations. Supervisors of various trades recorded the highest wages, followed by boiler 
system workers and structural steel workers. Subsequent clustering analysis partitioned the occupations 
into three groups based on their volatility in wage changes. Notably, occupations on the lower end of 
wages exhibited the highest wage volatility, including construction laborers, helpers, and quarry rock 
splitters. Conversely, occupations related to electricians, boilermakers, structural steel workers, and solar 
panel installers demonstrated the lowest volatility. Additionally, time series forecasting indicates 
increasing wages across the wage-volatile occupations, with a general rise in median wages for 
construction-related occupations to approximately USD 57,500 by 2027, compared to around USD 
51,000 in 2022. This study provides valuable insights to contractors by identifying trades with historically 
volatile wages, guiding where additional price contingency could be allocated. Furthermore, the time series 
results offer a useful tool for construction practitioners to proactively plan for labor wage increases, 
thereby enhancing financial stability and robustness in the broader construction industry. 

Bahaa Chammout is a Kummer Innovation and Entrepreneurship Doctoral Fellow in civil engineering at Missouri 
S&T. Bahaa's research is centered on the adoption of circular economy practices in construction, investigating root 
causes of work zone injuries and strategies for mitigation, and the application of Machine learning in construction. 
Before joining S&T, Bahaa earned his M.E. and B.E. (Summa Cum Laude) from the American University of Beirut. 
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PRITHBEY DEY 

TURNING SYSTEMS MODELING USING OPM FOR 
AUTOMATION 

Turning-based machining process is a complex manufacturing procedure influenced by the deterministic 
and stochastic independent variables, which impact both production quality and economy through surface 
roughness and tool wear, respectively. Model Based Systems Engineering (MBSE) has become a 
prominent methodology for such complex systems architecting that can integrate the relationship among 
the forms with respective functions of the systems. Object Process Methodology (OPM) is a holistic 
approach that consists of systems diagrams and textual language provide better visualization and 
explanation of the systems. OPM can effectively support to identify the connections among the 
components and processes in the systems while exhibiting integration with different sensors and Internet 
of Things (IOT). In this research, using OPM-based system architecting approach, a System of Systems 
(SOS) meta-architecture for the turning operation has been proposed which could be used as the 
conceptual structure for the creation of Digital Twin (DT) or Cyber Physical Systems (CPS) with the aim of 
automation for quality improvement and economical production. 

Prithbey Raj Dey is a Kummer Doctoral Fellow, pursuing his Ph.D. in Systems Engineering at Missouri University of 
Science and Technology, Rolla, MO, USA. He completed his B.Sc. and M.Sc. in Industrial and Production Engineering 
from Bangladesh University of Engineering and Technology at Bangladesh. His Ph.D. research focuses on the Spatial 
Analysis of manufacturing data for better interpolation and extrapolation while identifying the uncertainty associated 
with prediction. In addition, for the representation of the Digital Twin of manufacturing systems, prominent systems 
architecting approaches are considered for exploration and development of AI-Driven systems architecture for the 
automation of the manufacturing processes. 
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RACHEL DZIERAN 

HUMAN AI TEAMING IN HEALTHCARE DECISION-
MAKING 

Integration of Artificial Intelligence (AI) is vital in the realm of healthcare decision-making.  My research 
work is focused on development and integration of a Transplant Surgeon Fuzzy Associative Memory 
(TSFAM) model into a complementary AI-powered platform currently undergoing testing at Mid-America 
Transplant Services. The intent is to provide an AI decision-making tool that incorporates the unique rules 
of transplant surgeons in evaluating deceased donor kidneys, especially hard-to-place ones. TSFAM 
employs fuzzy associative memory logic to capture individualized practices and assessments of transplant 
surgeons, enhancing trust and acceptance of AI-driven decision-support outcomes. Utilizing an interface 
for transplant surgeon interaction with the Deceased Donor Organ Assessment model (DDOA) will enable 
testing of the conceptual model. The proposed conceptual model of TSFAM not only optimizes decision-
making processes but also paves the way for the integration of large language model recommendations, 
further enhancing the efficiency and efficacy of kidney transplant decision support systems. 

Mrs. Dzieran served honorably as an Air Force Aerospace Physiologist and has over twenty-five years of bio-tech 
experience with Fortune 500 firms. She co-founded a software development company specializing in advanced AI 
research. Mrs. Dzieran earned her B.S. in Biology from the United States Air Force Academy, M.S. in 
Bioengineering from the University of Dayton, and is now pursuing a PhD in Systems Engineering as a Kummer 
Innovation and Entrepreneurship Doctoral Fellow at Missouri S&T. Her research explores bridging the human-AI 
gap to improve healthcare outcomes. 
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RADWA EISSA 

CIRCULAR ECONOMY STRATEGIES FOR THE 
CONSTRUCTION VALUE CHAIN: A COMPREHENSIVE 

PORTFOLIO AND IMPLEMENTATION ANALYSIS 
Despite growing recognition of Circular Economy (CE) strategies, their effective application in 
decarbonizing the construction value chain faces challenges. Ambiguity around CE strategies due to a lack 
of actionable guidance is a common concern. This research aims to promote CE adoption by creating a 
value chain-based portfolio of CE strategies and evaluating their implementation in 71 US projects. The 
study also explores the interconnections among these strategies, revealing execution disparities based on 
project types and sectors using association rule mining, network, and statistical analysis techniques. 
Results show a focus on design, construction, and end-of-life value chain phases, with gaps in financing, 
planning, logistics, property market, and operations. "Requiring sustainability certifications, standards, or 
labels" emerged as a pivotal strategy, highlighting owners' roles in CE transition. This study contributes to 
the body of knowledge by providing practical guidance and insights for industry practitioners in terms of 
actionable CE strategies and their state of implementation, ultimately fostering a more sustainable built 
environment. 

Radwa Eissa is a Kummer Innovation and Entrepreneurship Doctoral Fellow at Missouri S&T department of Civil, 
Architectural and Civil Engineering. She has a Bachelor's degree in Building Engineering and a Master's degree in 
Construction Management. Radwa's current PhD focus centers around accelerating circular economy transitions 
for a sustainable built environment. Her research aims to explore policy implications and innovative strategies to 
drive the adoption of circular economy principles, fostering sustainability throughout the value chain of the 
construction industry. 
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EFFAT ESKANDARI 

ENHANCING SOIL PROPERTY AND YIELD PREDICTION, 
USING UAV-BASED DATA: A NOVEL APPROACH USING 

BARE SOIL ANALYSIS IN TERRACED FIELDS 

Soil water content (SWC) and soil texture are vital in agriculture, requiring careful management for optimal 
crop yield, irrigation, and nutrient application. Traditional methods for measuring soil properties face 
challenges due to their limited coverage and small scale. Geophysical methods offer broader coverage, 
but they are often constrained and costly. Unmanned aerial vehicles (UAVs) have emerged as a valuable 
tool, rapidly covering large areas with high resolution. However, current UAV sensors lack the capability to 
measure soil properties directly. This research investigates the potential of UAV-based data to predict soil 
properties on bare soil in a terraced field. Acquiring data on bare soil is advantageous due to simplified 
equipment access compared to mature crops, and ground-truth data collection does not impact crop yield. 
A terraced field was chosen as terraces are a best management practice that is increasing in popularity; 
terraces can help reduce soil erosion and increase crop yield. The field site has both terraces and natural 
topographic variations, so a Topographic Position Index (TPI) was generated to divide the field into four 
landscape position categories. Measurements from a multispectral UAV, geophysical methods, and yield 
measurements are compared for different TPIs. 

Effat Eskandari is a Kummer I and E doctoral fellow, specializing in geological engineering. With a master's degree 
in hydrogeology from FUM in Iran, Effat relocated to Singapore, where she seized the opportunity to collaborate on 
various projects with scientists worldwide. This experience has paved the way for Effat to embark on her PhD 
journey at Missouri Science and Technology. Drawing upon past experiences and a passion for learning, Effat 
brings expertise to the project, focusing on evaluating soil characteristics through innovative methods such as 
geophysics, drones (UAVs), and geophysics. 
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UGOCHUKWU EWUZIE 

QUANTIFYING THE THIXOTROPIC BEHAVIOR OF FRESH 
CEMENT PASTE INFUSED WITH WASTEWATER-DERIVED 

STRUVITE 
The construction industry faces challenges with waste management, energy consumption, CO2 emission 
reduction, and a decline in raw materials, mainly from cement production. Substituting cement with waste 
materials simultaneously addresses waste management and CO2 emission issues. Therefore, this study 
investigates wastewater-derived struvite as a partial replacement for ordinary Portland cement (OPC). 
Clearly, evaluating the thixotropy of struvite/cement mixtures is fundamental for the appropriate design 
and production of pumped concrete, self-compacting concrete, or 3D-printed concrete. To this end, the 
thixotropy of different proportions of struvite/OPC mixes is quantified. We use hysteresis loop areas and 
flocs’ destruction and reconstruction rates to investigate the cement pastes’ thixotropic behaviors after 
different resting periods. The struvite-OPC mix (ST-OPC: 1:9 wt/wt at 0.5 water/binder ratio) shows an 
initial increase in equilibrium shear stress and hysteresis loop area, which decrease after 20 min resting 
time, corroborating struvite’s high early strength. The result further suggests that ST-OPC paste’s 
thixotropy mechanism is influenced by hydration, formation, destruction, and reconstruction of flocs. 
Moreover, the OPC paste has a faster deflocculation rate than the 10% ST-OPC mixes, which improves 
after 1 h. Generally, the substitution of OPC with struvite resulted in a reduced rate and heat of hydration. 
Based on equilibrium shear stress, hysteresis loop area, incipient structural parameter, hydration heat, 
and reconstruction and deflocculation rates data, 10% ST-OPC mix stands as a promising candidate for 
mass concrete constructions where improved workability and reduced thermal cracking are required. This 
research contributes foundational knowledge, facilitating the tailored design of ST-OPC composites for 
diversified construction applications. 

Ugochukwu is a 2nd year Ph.D. candidate in the department of chemical and biochemical engineering. He is a 
Kummer I&E doctoral fellow. His research focuses on the chemistry of materials for sustainable environments, 
energy, and infrastructure. He applies innovative strategies to utilize industrial waste in sustainable applications, 
promoting a circular economy and reducing environmental impact. 
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ALIREZA FALLAHI 

NOVEL BIOREACTOR SYSTEMS FOR SUPPORTING 
HUMAN HABITATION OF MOON 

Lunar colonization must address several challenges, including delivery of oxygen, water, and food for 
colonists. These logistical challenges for long-term life support must be addressed by a sustainable 
system, enabling the recycling of nutrients, performing in situ resource utilization, and generating oxygen 
and proteins. Bioregenerative life support systems using bioreactors have been considered a viable 
candidate to recover vital resources and reduce dependency on the Earth-based supplies. However 
challenging factors such as payload weight, energy demands, and operational water requirements have 
not been solved. The objective of this project is to validate a novel bioreactor system for cyanobacterial 
growth and its scalability under critical conditions like microgravity. This approach offers the potential of 
significantly reduced payload weigh, cost and time reduction in resupply missions, greater energy 
efficiency in a deployable, sustainable system. 

Alireza Fallahi is a second-year Kummer I&E doctoral fellow in mechanical engineering. He holds an M.Sc. in 
Mechanical Engineering of Biosystems-Renewable Energies from the University of Tehran. Driven by a passion for 
experimental research and numerical modeling within energy efficiency and bioprocessing engineering. His current 
research work is on developing photobioreactors for algal growth to address carbon capture and wastewater 
treatment challenges. His work reflects a commitment to innovative solutions for sustainability. 
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SHREEN GUL 

IMPORTANT WEIGHTS SELECTION FOR ACTIVE 
LEARNING 

Deep learning models are increasingly utilized across various domains due to their exceptional 
performance and efficiency. Training deep learning models needs a large labeled data and the quality of 
these samples directly affect the trained models. However, manual labeling such a large number of 
training samples is difficult. Since, these models heavily rely on labeled data for effective operation, there 
is a growing demand for strategies to mitigate this reliance. In this paper, we extend Batch Active learning 
via Information maTrices (BAIT) by leveraging Fisher Information (which provides top $k$ important 
parameters) and mask those network parameters to identify the most impactful samples during active 
learning iterations. Our method outperforms SOTA approaches in diverse datasets including imbalanced 
CIFAR10 and FashionMNIST. Our code is available at this \href{https://github.com/astripathy/active-
nn.git}{gitHub repository}.. 

Shreen Gul is a third year PhD student in Computer Science at Missouri S&T. Shreen earned a bachelor’s in 
computer science from University of Engineering and Technology (UET) Lahore. Shreen’s research focuses on data 
optimization methods in machine learning, active learning and deep learning. Shreen plans on graduating in two 
years. 
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JACOB HAUCK 

OPERATOR LEARNING FOR SCIENTIFIC MODELING 

Machine learning has recently provided data-driven solutions to problems that were previously considered 
unsolvable, including important problems in science. In machine learning applications, an algorithm is 
used to find a relationship between a finite-dimensional feature vector and some response variable; in 
many scientific models, however, the variables of interest are infinite-dimensional functions. Therefore, to 
apply machine learning more broadly in scientific modeling it is necessary to bridge the gap between finite-
dimensional machine learning models and infinite-dimensional scientific models. Machine learning 
techniques that aim to learn an infinite-dimensional relationship between functions, called an operator in 
mathematics, have been termed operator learning. In this poster we explain how operator learning works 
and how it can be applied to scientific problems. We also describe current methods and their strengths 
and weaknesses and explore directions for future research. 

Jacob is a 2nd-year PhD student in Mathematics and a Kummer Innovation and Entrepreneurship Fellow. His main 
research interest is scientific machine learning, especially with applications to partial differential equation models. 
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AHMAD HEIDARI 

MARKET-BASED HYDROPOWER PLANT OPERATIONS 
OPTIMIZATION USING COLUMN AND CONSTRAINT  

GENERATION ALGORITHM 

This study introduces an innovative method for optimizing the operational strategies of hydropower plants 
with respect to market dynamics. We present a novel application of the Column and Constraint Generation 
Algorithm (CCGA), which integrates market-based variables into the decision-making process. Our 
approach systematically generates constraints and columns (potential solutions) that are crucial in 
formulating the operational problem as a largescale linear programming model. By focusing on both 
physical constraints of hydropower generation and fluctuating market conditions, we aim to maximize 
economic returns while ensuring sustainable water resource management. The proposed algorithm 
dynamically adjusts to varying market prices, demand forecasts, and water availability, demonstrating 
significant improvements in operational efficiency and profitability in a simulated market environment. 
This research provides a framework that assists plant operators and energy market participants in making 
informed decisions, contributing to the advancement of smart grid operations and renewable energy 
management. 

Ahmad Heidari, currently pursuing a PhD in Electrical and Computer Engineering, is a distinguished Kummer Fellow 
advancing into his third semester. His academic pursuits revolve around exploring power markets, integrating 
renewable energies into power systems, utilizing optimization methods in power systems, and engaging in 
mathematical modeling of power equipment. 
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CHRISTOPHER HOGAN 

TRANSMISSION OF FAST SOLITONS FOR THE NLS WITH 
AN EXTERNAL POTENTIAL 

We consider the dynamics of a boosted soliton evolving under the cubic NLS with an external potential. We 
show that for sufficiently large velocities, the soliton is effectively transmitted through the potential. This 
result extends work of Holmer, Marzuola, and Zworski, who considered the case of a delta potential with 
no bound states in their 2007 paper “Fast soliton scattering by delta impurities,” and the work of Datchev 
and Holmer, who considered the case of the delta potential with a linear bound state in their 2009 paper 
“Fast soliton scattering by attractive delta impurities.” 

Christopher Hogan graduated summa cum laude from Lindenwood University in May 2019 with his BS in 
Mathematics and BA in Music. Since August 2019, he has been pursuing his Ph.D. in Mathematics at Missouri S&T. 
He is also a Chancellor's Distinguished Fellow and Graduate Teaching Assistant. Upon graduation, he plans to pursue 
a career in academia. 
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MIZANUR RAHMAN JEWEL 

INSTANCE SEGMENTATION FOR LOW VISIBILITY IN 
UNDERGROUND MINE 

Given a disaster in underground mine it is imperative to rapidly gather information regarding miners and 
pathways (tunnels, alleys). Previous methods for instance segmentation are primarily designed for high 
visibility images. In this work, we present a framework for instance segmentation in low visibility 
environments of underground mine. Given the low visibility it is difficult to detect those objects due to high 
level of noise in the images. Our proposed framework consists of two part. We first utilize the segment 
anything model to learn common features from a low-visibility image dataset. Then we use our model to 
utilize those learned common features to accurately segment the objects in the underground mine. 
Further we capture a real-world low visibility dataset in the underground mine to evaluate our model. 

Mizanur Rahman Jewel is a first year PhD student in Missouri S&T. He has done his BSc in Computer Science and 
Engineering from Bangladesh University of Engineering and Technology (BUET) in 2019. He has worked as a 
software and Machine Learning Engineer for more than 3 years. Currently he is working on disaster assessment in 
underground mine with different modalities. 
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RANJIT JOY 

LASER BEAM SHAPING FOR METAL ADDITIVE 
MANUFACTURING 

Directed Energy Deposition (DED) is a metal Additive Manufacturing (AM) technology utilizing a laser beam 
to melt and deposit metals layer-by-layer to form complex geometries. Gaussian laser beams have been 
conventionally used for DED process. Centrally focused energy distribution in Gaussian beams lead to 
continuous reheating of previously deposited layers during DED, potentially causing large grains in the 
final product. Laser Beam Shaping technology provides various beam shapes with different energy 
distribution profiles compared to the Gaussian beams. Current research aims to investigate the effect of 
using a dough-nut shaped laser beam compared to Gaussian beam on grain size and strength of directed 
energy deposited AISI 4340 Steel specimens. 

Ranjit Joy is a 2nd year PhD student in Mechanical Engineering supervised by Dr. Frank Liou. He is a recipient of the 
Kummer Innovation & Entrepreneurship Doctoral Fellowship. His research interests include advanced manufacturing 
methods and materials behaviour with a focus on metal additive manufacturing and process optimization. He 
completed his BS and MS in Mechanical Engineering from India. He worked as an Assistant Professor in Mechanical 
Engineering prior to his time at Missouri S&T. 
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YI-CHIEH LEE 

GEODETIC ANALYSIS OF STRAIN PARTITIONING IN 
HISPANIOLA 

The oblique convergence of the North American Plate and the Caribbean Plate forms the subduction zone 
and the transpressional fault system across Hispaniola, which brings a higher risk of seismic hazard. To 
mitigate and evaluate the impact of earthquake hazards, it is crucial to understand the accumulation and 
accommodation of the strain and stress in Hispaniola. In this research, we use geodetic measurements of 
GNSS and InSAR to quantify the surface strain rate in Hispaniola, which is essential to understanding the 
characteristics of the subduction boundary between the North American Plate and the Caribbean Plate. 
GNSS provides highly accurate horizontal velocities; however, the distribution of continuous GNSS stations 
is sparse in Hispaniola. To solve this problem, we combine velocities derived from continuous and 
campaign GNSS and multiple InSAR tracks to get higher-resolution surface velocities in Hispaniola. We use 
the algorithm proposed by Wang & Wright (2012) to combine GNSS and InSAR velocities in each grid cell 
using Laplacian smoothing. We use the open-source package, Strain_2D, to estimate the strain rate 
(Maurer & Materna, 2023), which includes the methods gpsgridder (Sandwell & Wessel, 2016), VISR 
(Shen et al., 2015), geostatistical approach (Maurer & Materna, 2023), and a method based on VELMAP 
(Wang & Wright, 2012). We use the L-curve (Maurer & Materna, 2023) to choose the appropriate 
parameters for each method to find the balance between smoothness and roughness. Our preliminary 
results indicate that (1) the maximum shear strain rate is concentrated on the northern and south-western 
sides of the island, coinciding with two major strike-slip faults, the Septentrional-Oriente fault zone (SOFZ) 
and the Enriquillo-Plantain Garden fault zone (EPGFZ), which been considered as the accommodate most 
of the strike-slip motion in Hispaniola. (2) The dilatation rate result varies according to different methods, 
but the trend indicates that the shortening rate dominates most of the region. By incorporating advanced 
geodetic measurements into our models, we can gain a more comprehensive understanding of strain 
accumulation and deformation patterns in Hispaniola. 

Yi-Chieh Lee, a Ph.D. student in Geology and Geophysics at Missouri University of Science and Technology, has an 
academic background with a master's in Geography from the National Taiwan University and a bachelor's degree 
from the National Changhua University of Education. Currently, she is delving into crustal deformation and tectonics 
in Hispaniola, utilizing advanced geodetic techniques such as Global Navigation Satellite Systems (GNSS) and 
Interferometric Synthetic Aperture Radar (InSAR) to study Earth's surface deformation. 
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REMY MATHENIA 

LASER DEFOCUSING AND DIRECTIONALITY IN WIRE 
DEPOSITION 

The robotic wire-feed deposition cell in the Laser Aided Manufacturing Processes (LAMP) lab is a research 
cell primarily used for titanium 3D printing. The project goal is to develop a fully operational deposition cell 
integrated with the deposition head loaned by GKN Aerospace so that it may be used for future research 
and investigation. The laser and wire processing head is produced by coaxworks and features a three laser 
internal wire design. The unique arrangement of the laser beams and the wire feedstock results in 
interesting phenomena. The first is related to  the defocusing level of the three laser beams. At varying 
levels of defocusing, the distribution of heat in the wire and in the substrate can be tuned. Additionally, the 
deposition direction with respect to the position of the three-beam pattern can have an important impact 
on the resulting deposit. Each of these factors were studied to determine their impact on the output 
deposit geometry. An improved understanding of the bead geometry can aid in depositing defect-free 
structures for use in the aerospace industry. 

Remy Mathenia is a third year PhD Mechanical Engineering student studying metal additive manufacturing under the 
direction of Dr. Frank Liou. Remy received his B.S. of Mechanical Engineering from Missouri S&T in 2021 and has 
continued his research work into graduate school as a Kummer Innovation and Entrepreneurship Doctoral Fellow. 
His research focuses on the improvement of a titanium wire-based deposition process for use as an efficient 
manufacturing process for various industries. Outside of his studies and research, Remy is involved on campus with 
the Mars Rover Design Team and Miner Disc Golf. 
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CHUKWUMA MGBENU 

PYTHON-AIDED HIGH-RESOLUTION ANALYSIS OF 
MUDROCK LAMINA PROPERTIES AND 

MICROSTRATIGRAPHY 
Mudrocks make up over two-thirds of all sedimentary rocks in the earth’s crust. Yet their fine-grained 
nature and multi-order heterogeneity in grain size and composition has hindered high-resolution 
characterization of lamina properties such as lamina thickness, number of laminae, and laminae 
composition. Popular methods for documenting these properties are slow, utilizing only a few centimeters 
to meters of rock at a time. Lamina counting is also done crudely on thin sections, hand specimens, cores, 
or outcrops. This study presents a fast and highprecision approach for analyzing lamina properties of an 
infinite thickness of mudrock using Python and a series of nested “IF” and “AND” conditional statements. 
The method was applied to high-resolution grayscale and hardness data of 202-meter-thick late 
Cretaceous Tuscaloosa Marine Shale cores from four wells across the inner shelf to shelf break Gulf of 
Mexico Basin. Over 400,000 laminae were documented for the entire cores, with laminae thicknesses 
ranging between 0.13 mm and 7.11 mm. Thicker laminae were associated with higher concentrations of 
quartz, feldspar, and pyrite. Comparison with preliminary low resolution core characterization using 
stereomicroscope revealed that the thick laminae observed in this study composed of over 80% grains 
above the medium silt size. Variations in lamina thickness may be linked to the small-scale processes of 
sediment transport and differences in areal sites of deposition within the paleo shelf of the Gulf of Mexico 
Basin. This study is significant in improving shale oil and gas exploration successes and high-resolution 
paleoclimatic modelling. Future work will calibrate lamina properties with observations from thin sections 
and utilize spectral analysis to quantitatively demonstrate the factors controlling mudrock periodicities at 
variable scales within the stratigraphic record. 

Chukwuma is a PhD student in Geology and Geophysics at Missouri S&T. He obtained his bachelors and masters 
degree in Nigeria. He currently does research in sedimentology and stratigraphy. His current focus is in using sub-
mm study of the Tuscaloosa Marine Shale from the Gulf of Mexico USA to understand the origin of shales. 
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NUZAER OMAR 

RE-CLUSTERING NEUTRAL LABELS TO INCREASE THE 
ROBUSTNESS OF NATURAL LANGUAGE PROCESSING 

An adversarial attack refers to a deliberate attempt to undermine the performance of the machine 
learning model. An adversary can manipulate the input queries to the model in such a way that it would be 
imperceptible to the deployer. Among the prevailing datasets, the prevalence of neutral labels is notably 
higher and thus has a predominance in the performance of the model. A mere change in neutral label 
texts can easily alter the outcome of the model. One of the major and significant ways to prevent the 
attacks of the adversary is to train the classifier beforehand with the potential malicious samples. 
Therefore, my research focuses on identifying such potential samples and converting such neutral labels 
into true or mixed neutral labels. A preprocessing block is at first designed that would serve as a guidance 
for contextual classification. Subsequently, clustering algorithms are employed to reclassify neutral labels, 
thereby enhancing the robustness of the model. 

Nuzaer Omar is pursuing her Ph.D. in Computer Science Department at Missouri University of Science & Technology. 
Her research interests include developing adversarial attacks and defenses in machine learning. 
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MD SAZEDUR RAHMAN 

A ROBUST FRAMEWORK FOR INTRUSION DETECTION 
AND PREDICTION OF ATTACKED SENSOR IN 

AUTONOMOUS VEHICLES 

Connected and Automated and vehicles (CAVs) are increasing productivity and automating jobs in sectors 
including mining, construction, and agriculture. The dependency of sensor data in connected and 
autonomous vehicles (CAVs) raises important safety concerns, especially regarding cyberattacks and 
anomalous readings. All the current preventive measures for intrusion detection perform well in detecting 
single anomaly type but suffers a lot in case of mixed anomaly data. Moreover, the attacked sensor has 
not been detected by recent works. With these constraints in mind, we present a robust framework that 
can identify the sensor causing the anomaly in addition to identifying abnormal behavior from mixed 
anomaly data. The trained model is comprised of modified OS-CNN(M-OSCNN) that can select optimal time 
scale adaptively by generating all possible kernel sizes and process high amplitude data better. To make 
the model more powerful, we have added am amplification block as a feature engineering step to make 
the model more sensitive to high frequency anomaly. Our suggested algorithm will dynamically apply the 
Kalman filter to each sensor to identify the one that has been attacked. It will also provide the index of the 
sensor whose anticipated value differed from its actual value. We have used the Safety Pilot Model 
Deployment (SPMD) dataset to validate our system. We have outperformed previous efforts while dealing 
with mixed anomaly data. For sensors 1, 2, and 3, the average accuracy is 98.9%, 98.6%, and 98.45%, 
respectively. With any number of sensors, this framework has demonstrated generalization capabilities, 
and it can handle high amplitude mixed anomaly data with greater accuracy. 

Md Sazedur Rahman is a first year PhD student of Computer Science department in Missouri University of Science 
and Technology. His supervisor is Curators' Distinguished Professor Dr. Sanjay Madria. His current research domain 
is Providing Cybersecurity in Underground Mines. The overall task depends on several subtasks like- exploring 
anomaly detection mechanisms in autonomous equipment like hauler trucks, trolly, excavators, dump trucks etc. 
Then preventing cyber-attacks on network communication. Then Detecting cyber-attacks on different sensors used 
inside a mine. So far, we have reviewed literature for all those tasks and started working on anomaly detection on 
cyber physical systems. Previously He has worked on Object Detection task using Transfer Learning and theoretical 
database systems. He has completed his Bachelor in 2023.    
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ANGELA RAYLE 

BRANCHING FBM AS A MODEL OF SERTONERGIC AXONS 

Fractional Brownian Motion has recently been used as a mathematical model for the structure of the 
random neural network that propagates serotonin throughout the brains of vertebrates. Density maps of 
superdiffusive reflecting fBM will agree with the densities of serotonergic axons in embryonic transgenic 
mouse mid-brains. On this poster, we introduce branching events in an fBM trajectory to improve the 
model. We examine the geometry of the branch event and its resemblance to branch events in our 
biological data. Then we study trajectories with a non-zero branching rate to determine whether the mean 
square displacement and boundary density accumulation are retained from the non-branching reflected 
fBM. As fractional Brownian Motion is the result of long-term correlations between the increments, we 
investigate the effects of erasing or preserving the ‘memory’ of a trajectory after a branch event. Three 
general models are discussed here: a) both resulting trajectories preserving long-term correlations, b) one 
trajectory preserving and one trajectory erasing their long-term correlations, and c) both trajectories having 
their correlations erased. In cases b) and c), a finite branching rate effectively introduces a tempering of 
the fBM correlations. As a result, density accumulations close to boundaries are restricted to a finite 
boundary region. Resulting density maps of branching fBM continue to reflect the experimental data 
collected from the serotonergic axon matrix being studied. 

Angela Rayle is a 2nd-year Kummer I&E Doctoral Fellow pursuing a PhD in Physics, working under Dr. Thomas Vojta 
on an interdisciplinary computational neuroscience project. She completed her undergraduate degree at the 
University of Missouri - Saint Louis in 2022. Angela commutes to S&T for her degree program from Saint Louis 
where she lives with her spouse, children, and extended family. 
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JEREMIAH RITTENHOUSE 

MODELING PLATE VIBRATION FOR LUNAR DUST 
MITIGATION 

The dust, or "regolith" coating the Moon's surface is particularly abrasive and adhesive, presenting 
significant challenges to lunar missions and NASA's Artemis missions. With increasing lunar surface 
activities, dust lofting will occur and will lead to dust accumulation on solar cells, reducing power 
generation, thereby limiting both survivability and longevity of lunar missions. In this work, we analytically 
model transverse rectangular plate vibration to complement previous work using vibration induced by 
piezoelectric actuators to mitigate lunar dust from solar cells. While analytical solutions exist for many 
boundary conditions of rectangular plates, transverse vibration of a plate with completely free edges must 
be approximated. We implement the Galerkin method to approximately solve the governing differential 
equation for vibration of a rectangular plate with completely free edges. Analytical modeling of such a plate 
gives greater physical insight than finite element analysis and experimentation and will lead to 
improvements in vibration dust mitigation actuator designs. 

Jeremiah Rittenhouse holds a B.S. degree in aerospace engineering from the Missouri University of Science and 
Technology and is a Ph.D. student in aerospace engineering at the same university. He began working on lunar dust 
mitigation in 2021 and has been working with vibrations and piezoactuators since he began undergraduate research 
in 2019. 
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MOHAMMED SLEIMAN 

ENERGY DISAGGREGATION & LOAD MODELING BY 
MACHINE LEARNING INTEGRATED STATISTICAL 

HYBRID MODELS 

Energy disaggregation and load modeling aim to uncover energy consumption patterns, bolster grid 
reliability, and facilitate effective power system planning. This study undertakes extensive data 
preprocessing and feature extraction to develop a hybrid framework. This framework integrates a deep 
learning multi-channel algorithm for initial predictions and is later combined with a statistical model to 
refine results. Deep learning excels in grasping complex data patterns and dependencies, while statistical 
models enhance accuracy and interpretability by modeling uncertainty, capturing temporal dynamics, and 
identifying outliers. Integration combines outputs from both models using ensemble methods to enhance 
generalization and robustness. The model undergoes optimization through grid search and statistical 
estimation, calibration via cross-validation, and evaluation using appropriate metrics. Special attention is 
given to industrial and residential applications of load modeling. Ultimately, improved disaggregation leads 
to enhanced power system efficiency, reduced utility bills, and refined market planning. 

Mohammed Sleiman is a Ph.D. candidate and Kummer Fellow in the Department of ECE at Missouri S&T. His 
research focuses on energy disaggregation and load modeling, aiming to improve power system efficiency and 
planning. Mohammed's work spans various disciplines and tries to develop innovative algorithms to enhance 
residential and industrial load models, with potential commercial applications in real-time power consumption 
monitoring. Mohammed is proficient in simulations, design, and programming languages such as PSCAD, ETAP, 
MATLAB, Python, and more. His academic achievements include prestigious awards like the U.S. Fulbright 
Scholarship, the USDOS Student Leader Award, and the PepsiCo Foundation Scholarship, showcasing his leadership 
and scholastic excellence. Outside the classroom, Mohammed enjoys attending theatre performances, staying fit at 
the gym, and traveling around the world. 
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SAIDANVAR VALIEV 

AIRCRAFT CONNECTOR MOISTURE PROTECTION 

According to Boeing and Airbus aircraft maintenance manuals, as any short circuit occurs in the connector 
pins, connector must be replaced. Usually, the pins short-circuit due to moisture penetration, where all the 
connected to the connector units burn out. All the existing methods to prevent moisture penetration 
consider moisture detection, water accumulation and corrosion prevention in aircraft structures and 
systems, but do not deal with connector moisture protection that short-circuits when moisture 
accumulates. In this regard, current research is directed on development of an insulating material for 
aircraft connectors, so when moisture gets inside the aircraft connector it will not short-circuit it but 
selectively absorb H2O blocking salts from short-circuiting the pins. Selective water-absorbing material is 
being developed based on zeolites and metal organic frameworks (MOFs) infusion into PTFE polymer 
taking into consideration compatibility, durability, mechanical properties, manufacturing and installation 
properties of the material. Zeolite infused PTFE polymer under development has shown to have good 
mechanical properties, moisture absorbing characteristics and flexibility. 

Saidanvar Valiev (Anvar) received his MSc degree in Aerospace Engineering in 2018 from Samara National Research 
University, Russia, and his BEng degree in Aerospace Engineering in 2016 from Samara State Aerospace University, 
Russia. Currently, Anvar is a Kummer I&E Doctoral Fellow in Aerospace Engineering at Missouri S&T. He has over 4 
years of experience as CAD Engineer and Aircraft Engineer. Anvar has been working on Identification of damage and 
corrosion effect using traditional and distributed sensing approach in aging Aircraft transmission lines and published 
journal articles in the field.  

Anvar is now focusing on investigating the effects of vibration on aircraft transmission lines and developing a novel 
insulating material based on Zeolite Infused PTFE polymer for aircraft connector moisture protection. His expertise 
encompasses CAD Design, Circuit Theory, and Electrical Engineering, Electronics and Aerospace Engineering. 
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LOGAN M. WILCOX 

ADVANCED POST-PROCESSING FOR MICROWAVE 
THERMOGRAPHIC INSPECTIONS 

Active Microwave Thermography, or AMT, is a coupled electromagnetic and thermal nondestructive testing 
and evaluation (NDT&E) technique that utilizes an active electromagnetic source (antenna) to illuminate a 
material of interest (MUT) with electromagnetic energy. This energy has an inherent spatial distribution 
(e.g. antenna pattern), and, when absorbed by a MUT, induces a thermal excitation. This thermal response 
is related to the dielectric properties of the MUT, particularly the loss factor, as this quantity represents the 
ability of the MUT to absorb microwave energy (and hence, generate heat). If defects are present in the 
MUT, their presence will affect thermal diffusion which will manifest in the surface temperature. As such, 
by measuring the surface thermal distribution (via an infrared camera), the presence of defects may be 
detected. For inspection cases where the structure of the MUT is highly absorptive (e.g., high loss factor), 
the nonuniform spatial distribution of the incident electromagnetic energy will have a strong impact on the 
measured surface thermal distribution. Inspections of this type present a challenge for AMT due to the 
inherent heating of the MUT, as the likelihood of false positives and/or negatives is more significant. As it 
relates to post-processing of thermal images, a defectfree measurement can be used as a reference to 
determine if defects are present. However, this requirement is impractical as a properly representative 
specimen is not guaranteed (in practice). To this end, a novel post-processing technique has been 
developed to reduce the impact of the antenna pattern on measured thermal images. This post-processing 
technique removes the requirement of a defect-free measurement by utilizing the influence of a defect on 
the spatial and temporal components of the thermal response. The spatial variations are analyzed for 
defect detection and analysis of the temporal variations facilitates filtering of noise that occurs spatially. 
As such, a blind (i.e., no prior knowledge) AMT inspection is possible when inspection surface heating 
occurs. Measurements were completed and the post-processing implemented on several different MUTs 
with defects that vary in size, depth, and location over the inspection surface. While the defects were not 
detectable in the unprocessed thermal images without a reference for comparison, the defects were 
detectable when utilizing the proposed post-processing. 

Logan M. Wilcox is a Graduate Research Assistant in the Microwave Sensing (µSense) Laboratory at the Missouri 
University of Science and Technology (Missouri S&T). Logan’s research focuses on applications of microwave 
heating. Logan is a part of the inaugural class of the Kummer Innovation and Entrepreneurial Doctoral Fellowship at 
Missouri S&T. 
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MANISH ANAND YADAV 

REINFORCEMENT LEARNING TO PREDICT THE 
BATTERY-LEVEL 

Underground mines have a perilous working environment; several mishaps occur inside the mines each 
year that cost many lives. The use of wireless sensor networks (WSN) in the mines--to monitor the working 
environment and prevent possible accidents--has been prevalent since the past few decades. The sensors 
used in the WSN are usually limited in terms of their battery capacity, thus requiring the need for efficient 
management of the battery capacity. In this work, we propose reinforcement learning-based algorithm to 
predict the battery-level requirement of sensor nodes inside the underground mines. In every time-slot, the 
algorithm takes the current battery-level of the node and number of miners connected to it as state, and 
outputs the change in battery-level required as the action. The training of Reinforcement Learning (RL) 
agent over time lets the RL agent learn the environment dynamically. 

Manish is currently pursuing his PhD in computer science working under the supervision of Dr. Sanjay Madria. His 
research interests include the applications of Reinforcement learning, Deep learning and Deep Reinforcement 
learning in wireless sensor networks. 
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RAGHU YELUGAM 

TOPOLOGICAL ANALYSIS OF DEEP NEURAL NETWORK 
ACTIVATIONS 

Deep Learning (DL) is an optimization problem in which optimal parameters are determined through 
gradient-based learning. Neural Networks are trained to approximate the most likely mapping between 
observation and output pairs. Whilst training, the parameters of the neural networks are updated, leading 
to the evolution of the internal states of the neural network. DL models are often considered black box 
models as they are not self-explanatory, thus requiring post-hoc methods to explain them. However, almost 
all of the methods focus only on the trained network; hence, they fail to explain the evolution of the 
network states and parameters. Such explanations are crucial for understanding what the network is 
learning and modifying the network during training. This work addresses the shortcomings by studying the 
topological evolution of the parameters and internal states while explaining the network's choices. 

Raghu Yelugam received his Bachelor's in Electrical Engineering from the National Institute of Technology - 
Warangal, India 2014. At Missouri S&T, he is a member of the Applied Computational Intelligence Laboratory led by 
Dr. Donald C Wunsch II. His research interests included Adaptive Resonance Theory, Topological Data Analysis, 
Model-free Reinforcement Learning, and Natural Language Processing. Raghu received his master's in Computer 
Engineering in December 2021 and his Philosophy Doctorate in Computer Engineering in December 2024 under the 
supervision of Dr. Donald C Wunsch II. 
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NILOOFAR ZENDEHDEL 

HUMAN-ROBOT COLLABORATION (HRC) IN 
MANUFACTURING 

 
This research focuses on the integration of drones and multi-modal sensing techniques to enhance the 
collaboration between humans and robots in the manufactory. One of the key aspects of this research is 
the use of multi-modal sensing to capture implicit communication cues and predict human intentions and 
actions. Two primary techniques for intention prediction are explored: eye gaze tracking analysis and 
brainwave signal monitoring. These techniques provide insights into the focus of attention, decision-
making, and action planning processes of human agents. By interpreting these signals, robots can 
respond more accurately and efficiently to human needs, resulting in improved collaboration. In addition, 
drones are integrated into human-Robot Collaboration (HRC) systems as they offer several benefits, 
including accessing hard-to-reach areas, providing aerial views, and transporting tools and parts to human 
teams. Computer vision techniques are employed to analyze visual data from Red-Green-Blue-Depth (RGB-
D) cameras mounted on drones, enabling them to autonomously detect and transport tools and parts to 
desired locations, improving the efficiency and safety of manufacturing processes. Overall, the research 
contributes to the advancement of HRC in the manufactory by leveraging multi-modal sensing and drone 
integration. By predicting human intentions and enabling autonomous tool and part transportation, the 
collaboration between humans and robots becomes more effective and efficient, enhancing the overall 
productivity and safety of manufacturing processes. 

Niloofar is a PhD candidate in Mechanical Engineering at Missouri University of Science and Technology, specializing 
in Robotics. Holding both bachelor’s and master’s degrees in Electrical Engineering, Niloofar has shown a profound 
interest in Unmanned Aerial Vehicle (UAV) development and the perception aspects within the field of human-robot 
collaboration. 
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