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Immunologically modified nanocomplexes for cancer treatment 
Prof. Wei R. Chen 
Stephenson School of Biomedical Engineering 

Professor Chen’s Biophotonics & ImmunoEngineering Laboratory are developing 
immunologically modified nanocomplexes.  Conjugating immunostimulants and other therapeutic agents 

to nanomaterials, such as single-walled carbon nanotubes and gold nanoparticles, the modified 

nanocomplexes can be used for cancer treatment.  Particularly, using the specific light-absorbing properties 

of the nanocomplexes and lasers of appropriate wavelengths, the immunologically modified 
nanocomplexes can synergize phototherapy and immunotherapy.  A student can learn how to synthesize 

novel nanocomplexes and test their photo- and immuno- effects at cellular and molecular levels. The student 
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can also use the laser-noncomplex combination to treat animal tumors and to determine the in vivo 
immunological responses.  Undergraduate students in the lab will also work with graduate students and 

postdoctoral fellows on selected projects.   

Laser immunotherapy for treatment of metastatic tumors 
Prof. Wei R. Chen 
Stephenson School of Biomedical Engineering 

Professor Chen’s Biophotonics & ImmunoEngineering Laboratory focuses on local intervention-

induced immune responses in cancer treatment.  Combining local laser irradiation and local immunological 

stimulation, the Chen Lab has developed a novel treatment modality, laser immunotherapy (LIT), for late-
stage, metastatic cancers.  The Chen Lab is currently investigating the mechanism of LIT-induced antitumor 

responses at cellular and molecular levels.  LIT treatment of metastatic cancer is an interdisciplinary project.  

A student can work with cells and animals to determine LIT-induced immunological responses against 

tumors, or work with lasers to determine the photothermal and photo-immunological effects on tumor cells 
and target tumor tissues, or work on informatics to determine the tumor microenvironment changes induced 

by LIT using single-cell RNA sequencing. Undergraduate students in the lab will also work with graduate 

students and postdoctoral fellows on selected projects. 

Revisiting Dropout and ADAM through literature research on deep 
learning  
Prof.  Samuel Cheng 
School of Electrical and Computer Engineering 

Machine learning is the core technology of modern AI. Artificial neural networks (aka deep 

learning) are the current state of the art and directly contributed to numerous AI breakthroughs in recent 

years. As the field is advancing rapidly, there is information overload in the deep learning literature. A 
systematic literature review [1] of the field is meaningful and necessary.  Since it is impossible to conduct 

a comprehensive review of such a broad discipline, we will focus on some key components such as 

regularization and optimization techniques in deep learning for this project. In particular, techniques such 

as Dropout [2] and ADAM [3] are considered the "standard" tools since their introductions. However, there 
are also occasional cases when applying them actually leads to poorer model training and slower 

convergence. While those might be isolated cases, it is impossible to conclude without a literature study of 

a significant number of recent publications. To answer this question, the student will collect publications 
of all major AI conferences and journals for the last two years. To effectively sift through the papers, some 

open source tools such as Grobid can be used. Moreover, the student is encouraged to develop his/her own 

tool to tally and record the outcome using Python.  
[1] Melinat, Peter, Tolja Kreuzkam, and Dirk Stamer. "Information overload: a systematic literature 

review." International Conference on Business Informatics Research. Springer, Cham, 2014. 
[2] Baldi, Pierre, and Peter J. Sadowski. "Understanding dropout." Advances in neural information processing 

systems 26 (2013): 2814-2822. 

[3] Kingma, Diederik P., and Jimmy Ba. "Adam: A method for stochastic optimization." arXiv preprint 

arXiv:1412.6980 (2014). 

[4] Lopez, Patrice. "GROBID: Combining automatic bibliographic data recognition and term extraction for 

scholarship publications." International conference on theory and practice of digital libraries. Springer, Berlin, 

Heidelberg, 2009. 
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Catalytic upgrading of waste plastics to high value chemicals 
Prof. Steven Crossley 
School of Chemical, Biological and Materials Engineering 

Many environmental concerns have led to interest in minimizing the amount of waste polymers 

that we generate as well as lowering the carbon footprint of the polymers that we make. The challenge lies 

in the fact that these streams are rarely pure. One approach is to take polymers, such as the common 

polyolefins, polyethylene, polypropylene, and polystyrene, and convert them back to their monomers or 

more valuable chemicals. Another is to selectively convert specific polymers in blends of mixed plastic 

waste to purify the stream, which is the area we focus on. If this process is carried out efficiently, much less 

waste will be generated and we can recycle a wider variety of mixed materials. To understand these 

processes, one must evaluate both the reaction and rate of diffusion of molecules and catalyst particles. 

Students participating in this project will interact with a larger team of professors and several PhD students 

to solve this important challenge.  You can find more about our efforts in this area 

here:  https://youtu.be/Am8R8DBGEWU 

Develop new clinical tools to detect early ear infection  
Prof. Chenkai Dai 
School of Aerospace & Mechanical Engineering/Biomedical Engineering 

Otitis media (OM) is the most commonly diagnosed infectious disease in young children. 

The early diagnosis is critical for treatment and recovery but is difficult due to accurate limitation of current 

clinical tools. Our long-term goal is to develop new clinical tools by investigating the feasibility of early 
detection of infection/inflammation with novel laser scanning/OCT plus new algorithms derived by 

enhanced machine learning of data from simulation measurements in 3D printed ear and animal otitis model.  

In this project, we are going to measure the TM motion within the animal model and 3D printed ear with 
simulation of OM. The data collected from simulation in 3D printed ear will be used for machine learning 

to enhance the algorithm of TM motion prediction. The data obtained from experiments will be used to 

validate the algorithms and FE modeling. Undergraduate students who participate in this project will have 
an opportunity to learn about 3D printing, FE modeling, machine learning, novel laser scanning and OCT 

measurements. Students in all engineering disciplines are welcome to apply for this project. 

Developing clinical tools and medical devices to evaluate vestibular 
function in patients expose to blast  
Prof. Chenkai Dai 
 School of Aerospace & Mechanical Engineering/Biomedical Engineering 

Hearing/balancing injury have been known as the consequence of expose to blast overpressure 

(BOP) or repeated loud noise in military and civilian population while hearing/balancing function loss was 
ignored due to it chronic progress. However, complaints of hearing loss and dizziness is increasing in 

population and the mechanism of hearing/balancing function loss due to BOP/loud noise remains partially 

unclear. We create a chinchilla model to test hypothesis: 1. The BOP can travel through air and fluid filled 
inner ear and cause acute impact on hearing/balancing function. 2. The acute impact of BOP/noise on 

hearing/balancing function could turn into chronic due to the slowly yet progressively change in 

auditory/vestibular system. To test above hypothesis, we will develop VOG plus smart motion system to 
measure the Vestibulo-ocular reflex (VOR) in chinchillas exposed to low/mild intensity BOP over time to 

https://youtu.be/Am8R8DBGEWU
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characterize the balancing function change after blast. We also develop new tools to evaluate hearing 
function. The goal of this project is to provide solid preliminary data for future prevention, medicine 

treatments and protecting devices design. Undergraduate students who participate in this project will have 

an opportunity to learn about blast setup, animal ear surgeries, VOR measurements with video-oculography 

and smart motion system, statistical analysis and computational simulation. Students in all engineering 
disciplines are welcome to apply for this project. 

Novel Laser-Immunological Treatment for cholesteatoma in gerbil model 
Prof. Chenkai Dai  
School of Aerospace & Mechanical Engineering/Biomedical Engineering 

Acquired cholesteatoma is a destructive process of the middle ear resulting in erosion of the 

surrounding structures by squamous tissue in the middle ear space, thereby causing severe hearing loss, 

vestibular dysfunction, facial paralysis, or intracranial complications. The long-term outcomes from current 

ossicular prostheses are not optimal. There is an unmet need for developing new generation of treatments 
to improve the surgical outcomes. We hypothesize that photothermal therapy (PTT) + glycated chitosan, 

(GC) treatment will reduce the cholesteatoma significantly comparing with control. To test this hypothesis, 

we will test the novel LIT in gerbil model. Our long-term goal is to provide a breaking through new 
treatment for cholesteatoma patients.  

Reliable Machine Learning 
Prof. Dimitris Diochnos 
School of Computer Science 

We are interested in developing machine learning methods that make predictions that are 
explainable and have provable guarantees. Our main direction is the study, design, and analysis of 

algorithms within the probably approximately correct (PAC) model of learning, potentially dealing with 

noisy data, and/or using nature-inspired heuristics in order to accomplish our goals. Another direction is 
the development of mechanisms that convert high-dimensional datasets to low-dimensional, without 

hurting the predictive accuracy of machine learning models that rely on such converted datasets -- such 

approaches also have an explainability aspect attached to them. The above directions can be explored from 

a purely mathematical point of view, or from a purely experimental point of view, or from a combination 
of both. Ultimately, the research project will be aligned with the individual interests and the current topics 

that are being pursued in the lab. Thus, the students will explore relevant literature, identify important 

research questions, write and document code, conduct experiments and document the outcomes.  

Enabling energy efficient ammonia purification using polymer 
membranes  
Prof. Michele Galizia  
School of Chemical, Biological and Materials Engineering (CBME)  

Ammonia (NH3) production stands at about 150 million metric tonnes/year, with a yearly growth 

rate of 2.3%. 80% of the ammonia produced in the world is used to synthesize fertilizers. More than 96% 

of NH3 is synthesized by the Haber-Bosh process, that is, the catalytic reaction of H2 and N2 at 450°C and 
10 MPa. Due to the relatively low reactant conversion, NH3 is condensed and separated from unreacted H2 

and N2, which are recycled to the reactor. As shown by Smith et al., this cryogenic separation consumes a 

massive amount of energy. Specifically, 0.5 GJ/ ton(NH3) is required to condense NH3 at -35°C in a Haber-
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Bosh process with a production rate of 100 kg(NH3)/h. If a polymer membrane could separate ammonia 
and help recover unreacted N2 and H2, a considerable amount of energy would be saved.  

While the fundamental principles underpinning small molecule transport in polymer membranes 

were elucidates in the 1970’s, ammonia transport in polymers deviates from these principles. Why is that? 

Which factors make ammonia transport in polymers anomalous? To address these questions, which are 
critically important to design functional membrane materials for ammonia separation and greatly relief the 

energy burden associate to condensation, we are devising a multiscale, multidisciplinary approach that 

involves the experimental analysis of ammonia sorption and transport in a variety of materials and 
theoretical modeling. This project wants to achieve a fully molecular picture of how polymer-ammonia 

molecular interactions, polymer swelling and operating conditions influence, individually and 

synergistically, the anomalous ammonia transport in polymers. Hydrocarbon-based and perfluorocarbon-
based glassy and rubbery polymers will be considered for the experimental campaign.  

Students that are willing to work in a dynamic, interdisciplinary and collaborative environment are 

encouraged to apply. The undergraduate student involved in the project will actively collaborate with 

graduate students and postdocs in our laboratory and co-author peer-reviewed publications in international 
journals. Exceptionally talented undergraduate researchers will be given the opportunity to travel and give 

talks to national conferences, with funding provided by the PI Prof. Galizia. 

Organic solvent nanofiltration: a new separation technology to change 
the world  
Prof. Michele Galizia  
School of Chemical, Biological and Materials Engineering (CBME)  

The vast majority of industrial organic synthesis occurs in solution. Downstream processes, such 
as solute concentration and solvent recovery, play a crucial role in the chemical industry and pose problems 

that are as relevant as the synthesis process itself. Separation and purification technologies often rely on 

distillation. In the US, we have over 40,000 distillation columns that consume 50% of the energy required 
by the American chemical industry, and account for 6% of the total US energy use. Novel, energy-efficient 

technologies based on polymer membranes are emerging as a viable alternative to thermal processes. 

Despite organic solvent nanofiltration (OSN) could revolutionize the chemical, petrochemical, food and 

pharmaceutical industry, its development is still in its infancy for two reasons: i) the lack of fundamental 
knowledge of elemental transport phenomena in OSN membranes, and ii) the instability of traditional 

polymer materials in chemically challenging environments. While the latter issue has been partially solved, 

the former was not addressed at all, which, in turn, hampered the design of highly selective functional 
membranes for organic solvents separation. The scopes of this project are i) to test the performance of novel 

advanced membrane materials, such as perfluoropolymers with pendant rings and interpenetrating polymer 

networks (IPNs), and ii) interpret and analyze the results on a fundamental basis, to develop structure-
property correlations.  

Students that are willing to work in a dynamic, interdisciplinary and collaborative environment are 

encouraged to apply for this NSF-funded project. The undergraduate student involved in the project will 

actively collaborate with graduate students and postdocs in our laboratory and coauthor peer-reviewed 
publications in international journals. Exceptionally talented undergraduate researchers will be given the 

opportunity to travel and give talks to national conferences, with funding provided by the PI Prof. Galizia. 
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Hearing Damage Induced by Repetitive Blast Exposure and the 
Protection Mechanism  
Prof. Rong Gan 
School of Aerospace and Mechanical Engineering 

Blast overpressure (BOP) is a high intensity disturbance in the ambient air pressure that creates 
high intensity sound (impulse) over 170 dB SPL (1 psi or 7 kPa). Repetitive exposure to BOP frequently 

results in hearing damage in Service Members and Veterans. Various animal models have been used for 

hearing damage studies and chinchilla is the most commonly used animal model for hearing research. This 
project is to identify the changes of hearing function and the brain tissue damage after repeated blast 

exposures in animal model of chinchilla. The experiments cover pre- and post-blast hearing function tests 

and over the recovery time course after blast, the statistical analysis of experimental measurements, and the 

brain tissue histology study to examine the brain damage and recovery process. Hearing function tests 
include the auditory brainstem response (ABR) to determine the hearing threshold and the distortion 

product otoacoustic emission (DPOAE) to detect the cochlear hail cell injury. Animal ears are either open 

or protected with earplug. Histology study includes immunofluorescence imaging of brain tissues. Research 
undergraduates will work with graduate students in Biomedical Engineering Lab located at Stephenson 

Research Technology Center (SRTC).     

Construction and Testing of Full-Scale GRS Bridge Abutments under 
Surcharge Loading 
Prof. Kianoosh Hatami, PhD, PEng 
School of Civil Engineering and Environmental Science 

The Geosynthetic Reinforced Soil-Integrated Bridge Systems (GRS-IBS) technology has been 
developed over the last decade through extensive support and promotion by the Federal Highway 

Administration as a rapid and cost-effective bridge construction alternative to the conventional, deep-

foundation abutment systems for local and county roads across the United States, as part of their EDC 

initiatives (e.g. https://www.fhwa.dot.gov/innovation/everydaycounts/edc-3/grs-ibs.cfm).  
In this project students will join a research team to help build, instrument and test large-scale (8 ft-

high) GRS abutments on the OU south campus to investigate their load bearing capacity and deformation. 

Results of the study are of interest to transportation agencies, and authorities in charge of repair and 
construction of bridges on local and state highways. 

Interested students can contact Dr. Kianoosh Hatami at kianoosh@ou.edu for further information. 

Development of Tensoresistive Geosynthetics for Performance-
Monitoring of Infrastructure 
Prof. Kianoosh Hatami, PhD, PEng 
School of Civil Engineering and Environmental Science  

Many public agencies in the U.S. are faced with the challenging task of developing and maintaining 
infrastructure across the country with limited financial resources. A significant portion of construction 

materials used in infrastructure projects involves earthworks (e.g. embankments, foundations, retaining 

walls and engineered slopes in roads and highways, bridge abutments, landfills, airports, levees, coastal 
structures and canals, among many others). 
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A branch of modern geotechnical engineering is specialized on the application of polymers as 
synthetic construction materials (termed as Geosynthetics) to enhance the performance and stability of 

earthwork structures. Meanwhile, performance monitoring of earthwork structures is vital to detect and 

avert the consequences of uncertainties encountered during their construction and operation. Performance 

monitoring can also lead to significant savings in the costs and delivery time of projects. 
The research team of this multi-disciplinary project has been working on developing “smart” 

geosynthetics (called SEG) to detect deformations in geotechnical- and transportation-related structures. In 

this ongoing project, SEG samples are made by dispersing nanoscale conductive additives such as carbon 
nanotubes (CNT) and carbon black (CB) within a host polymer. So far, significant progress has been made 

in understanding the electrical conductivity and mechanical performance of SEG samples in the laboratory. 

During the next phase of this project, the HERE research assistant will help the research team 
fabricate SEG samples and test them in small-scale blocks of soil in the laboratory to investigate their in-

soil performance simulating actual conditions in the field. The objective of the study is to develop and 

validate SEG prototypes for large-scale production by geosynthetic manufacturers for field applications. 

Leaching of Constituents from Coal Combustion Residuals 
Prof. Robert Knox 
School of Civil Engineering and Environmental Science 

The Grand River Dam Authority (GRDA) owns and operates the Grand River Energy Center 

(GREC), an electric power generating facility, located approximately three (3) miles east of the City of 

Chouteau in Mayes County, Oklahoma. Two (2) coal fired boilers are in place at GREC but only one (Unit 
#2) is currently operational. The coal fired boiler in use produces Coal Combustion Residuals (CCRs) 

consisting of fly ash and bottom ash. Fly ash comprises greater than 80% of CCRs generated at the facility 

and is largely sold for beneficial use purposes. Excess fly ash and bottom ash is disposed within an on-site 
permitted coal ash landfill. Recent ground water monitoring well data might indicate that inorganic 

constituents from the landfill are leaching due to rainwater infiltrating into the fly ash.  

This study would utilize natural clean groundwater mixed with a sample of landfill fly ash to assess 
what constituents, if any, are being leached out. The study would involve mixing fly ash from the GREC 

with natural, uncontaminated groundwater near the site. The fly ash and groundwater would be combined 

into one sample, along with one control (groundwater only sample). Fluids from the two samples would be 

extracted over time and analyzed for the major inorganic ions. The results of the analyses would be plotted 
on trilinear ground water quality diagrams to show the effects of mixing and changes in chemistry over 

time. These results could provide insight as to what constituents might be leached from the fly ash landfill. 

Backdoor Attacks and Defenses in Machine Learning 
Prof. Chao Lan 
School of Computer Science 

It is widely evidenced that machine learned classification systems are vulnerable to malicious 

attacks, e.g., one can slightly modify a cat image so that it will be mis-classified as a dog, or one can slightly 

modify the profiles of example candidates so that an auto scoring system learned from them will 
systematically overscore unqualified candidates of certain patterns. What are the mechanisms of these 

attacks? And how can we robustify system performance against them? These are the ongoing research 

questions on this topic. 
This project will focus backdoor attacks and defenses in machine learning [1]. It has two parts.  

The 1st part is on attack. We will review representative attacks and experiment selected ones. We 

are particularly interested in how these attacks perform in more complex scenarios such as those with 

domain shifts or data shifts. Then, we will investigate improved attacks accordingly.  
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The 2nd part is on defense. We will review representative defenses and experiment selected ones. 
We are particularly interested in mechanisms that directly robustify the system, and how they could be 

adapted in more complex scenarios such as those described in attack.  

Student involvement: This project will involve two students, one on the attack part and the other 

on the defense part. The project has four aims. (I) Help the students study representative  
backdoor attack and defense techniques. (ii) Help the student implement and experiment selected 

techniques in Python. (iii) Help the student design experiments to examine performance of these techniques 

in more complex scenarios. (iv) Help the student investigate improvements of these techniques in more 
complex scenarios. This project is more suitable for students who are interested in learning state-of-the-art 

security issues in machine learning, have taken a machine learning course, understand probability and linear 

algebra, and have proficient programming skills in Python. 
Reference: [1] https://arxiv.org/abs/2007.08745 

Detecting Adversarial Attacks in Machine Learning  
Prof. Chao Lan 
School of Computer Science 

It is widely evidenced that machine learned classification systems are vulnerable to malicious 
attacks, e.g., one can slightly modify a cat image so that it will be mis-classified as a dog, or one can slightly 

modify the profiles of example candidates so that an auto scoring system learned from them will 

systematically overscore unqualified candidates of certain patterns. What are the mechanisms of these 

attacks? And how can we robustify system performance against them? These are the ongoing research 
questions in the community. 

This project focuses on detecting adversarial examples, an important step to mitigate attacks. In 

particular, existing techniques focus on detecting successful attacks such as a modified image that 
successfully fools a given classification system. However, in practice, unsuccessful attacks are equally 

important, e.g., being able to detect attacking attempts can trigger investigations or enhanced protections. 

How do existing detectors perform on unsuccessful attacks? And how can we improve them? These are the 
research questions of this project.  

Student involvement: This project has four aims. (i) Help the student acquire knowledge on 

adversarial attacks and detections in machine learning. (ii) Help the student implement and experiment 

selected representative detection approaches in Python. (iii) Help the student design experiments to examine 
detection performance on unsuccessful attacks. (iv) Help the student investigate improved detection 

approaches for unsuccessful attacks. This project is more suitable for students who have taken a machine 

learning course, understand probability and linear algebra, and have proficient programming skills in 
Python.  

Randomized Deep Neural Network 
Prof. Chao Lan 
School of Computer Science 

Deep neural network (DNN) has been a powerful prediction model but its parameters are time-
consuming to optimize. Randomized DNN [1] provides an extremely efficient way to identify the 

parameters, that is, to randomize most parameters and only optimize a few. Compared to the fully optimized 

DNN, randomized DNN can sustain competitive performance while speeding up computation, and is 
attracting increasing research attentions in recent years.  

This project will review representative randomized DNN techniques and implemented selected 

ones. We are particularly interested in their applications in more complex scenarios such as those with 

domain shift or data shift, and how can they be improved in those scenarios.  

https://arxiv.org/abs/2007.08745
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Student involvement: This project has three aims. (i) Help the student study representative  
randomized DNN techniques. (ii) Help the student implement and experiment selected ones in Python. (iii) 

Help the student design experiments of more complex scenarios. (iv) Help the student investigate improved 

randomized DNN techniques for one selected scenario. This project is more suitable for students who have 

taken a machine learning course, understand probability and linear algebra, and have proficient 
programming skills in Python.  

Reference [1] https://arxiv.org/abs/2002.12287 

Biomechanical Testing for Soft Biological Tissues 
Prof. Chung-Hao Lee 
School of Aerospace and Mechanical Engineering 

Mechanical properties of soft biological tissues are important and necessary information for 

development of predictive computational models for many biological systems. This project aims at 

understanding the mechanical properties of native tissue materials, which consists of three key ingredients: 
(i) acquisition of biomechanical data for soft biological tissues, (ii) statistical analyses of the acquired data 

for subject-averaged biomechanical characteristics, and (iii) formulation of constitutive models that best 

describe the overall mechanical behaviors of tissues. Undergraduate students who participate in this project 
will have an opportunity to work on tissue experiments using a commercial biaxial mechanical testing 

device, learn about fundamental statistical analysis techniques, and gain experience on systematic fitting of 

the mechanical data for constitutive model parameter estimations. Students in all engineering disciplines 

are welcome to apply for this project. 

Decellularization and Histological Analysis of Soft Biological Tissues 
Prof. Chung-Hao Lee 
School of Aerospace and Mechanical Engineering 

Current replacements for failing heart valves suffer shortcomings such as requiring life-long blood 
thinner prescriptions, immune system suppressants, or the inability to grow with a patient. Tissue 

engineered heart valves are a promising alternative to current replacement heart valves due to their ability 

to better emulate a natural valve and develop alongside the patient. A first step in developing tissue 

engineered heart valves is through decellularization of tissues from healthy donor animals, such as pigs. 
Proper decellularization of a tissue requires several cycles of either chemical, physical, or biological 

treatments to remove the cells and DNA, as any remaining cells or DNA could elicit an immune response 

that would be harmful in human implantation. To evaluate the efficacy of the various decellularization 
techniques, histological examination will be performed in which tissues are stained with dyes that allow 

microscopy-based evaluation of the remaining cells and DNA. Undergraduate students who participate in 

this project will have an opportunity to learn: (i) experimental design; (ii) tissue preparation for histological 
purposes; (iii) histological examination of biological tissues; and (iv) decellularization techniques. Students 

from engineering and/or biology backgrounds are welcome to apply for this project. 

Synthesis and Characterization of Polymeric Materials for Biomedical 
Applications 
Prof. Chung-Hao Lee 
School of Aerospace and Mechanical Engineering 

Shape memory polymers (SMPs) are unique materials capable of returning from large deformations 

to a single “programmed” shape when they are given a thermal trigger. They have a wide variety of potential 
uses, and our lab is interested in exploring their potential use in the field of implantable medical devices. 

https://arxiv.org/abs/2002.12287
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The main objective of this project is to investigate a variety of synthesis and manufacturing methods for 
the production of SMPs. This project will involve: (1) synthesis of polymers with various chemical 

compositions, (2) modifying synthesis procedures to produce unique SMP shapes and structures (ex: foams, 

solid beams, filaments and resins for 3D printing, etc.), and (3) exploring the use of additive components 

to allow for triggering mechanisms other than heat (e.g., light, electric current, chemical, etc.). Students 
from all engineering disciplines who are interested are welcome to apply for this project. 

3D Geometry Reconstruction of Biological Systems 
Prof. Chung-Hao Lee 
School of Aerospace and Mechanical Engineering 

3D geometric reconstructions of biological systems from patient imaging data benefits analysis of 

those systems, such as predictions of the mechanical alterations to those biological structures. Specifically, 

aneurysms in the brain and the heart valves can be digitally reconstructed, which is an important first step 

towards developing innovative therapeutics. Hence, the execution of this project is three-fold: (i) receiving 
and analyzing patient image data (4D echocardiograms, micro-CT, etc.) obtained from collaborators at the 

OU Health Science Center, (ii) performing reconstruction of the 3D geometry of the brain aneurysms and 

heart valves, and (iii) developing finite element meshes of the constructed geometries. Undergraduate 
students involving in this project will have an opportunity to gain experience on image segmentation via 

software packages (Amira and 3DSlicer). Students from all engineering disciplines are welcome to apply 

for this project. 

Spatial-temporal Data Analysis in Industrial 4.0 and Healthcare  
Dr. Yifu Li  
School of Industrial and Systems Engineering  

Modern data-driven modeling provides scalable and personalized computational services using the 

data collected from sensor networks. However, several challenges exist in handle the multi-modality data 
(e.g., texts, images, videos) which contains spatial-temporal information. For example, spatial data are used 

for product quality modeling and variability reduction in manufacturing (Plumlee et al. 2013, Bao, Wang, 

and Jin 2014). However, existing modeling methods rely on engineering-domain knowledge, which is a 

complex and time-consuming process. As a result, we desire models requiring simple or no feature 
extraction to deal with multi-modality data. My research goal is to develop a data-driven modeling 

framework, which incorporates data quality assurance for multi-modality data modeling in smart 

manufacturing networks. The proposed model will compared with state-of-the-art algorithms using the data 
simulated from a microgrid system. The HERE scholar will have a great opportunity to develop ML 

algorithms to tackle real-life problems for an Energy Analytics application. The results having the potential 

to be presented at peer-reviewed conferences and/or academic journals. HERE scholars with prior exposure 
to Python, high enthusiasm to read and learn ML are strongly encouraged to apply. Prior experience in 

machine learning is a plus. 

Characterization of Mine Water Derived Iron Oxide Solids to Determine 
Potential Beneficial Reuse 
Robert W. Nairn 
School of Civil Engineering and Environmental Science 

Passive treatment of mine drainage utilizes ecologically engineered wetlands and ponds to promote 

metal retention. Principal process units include oxidation ponds which promote ferrous iron oxidation to 
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ferric iron which hydrolyzes with water to form iron oxide solids that settle out of solution. The management 
and disposal of these produced iron oxide sludges are labor-intensive and costly. Therefore, a major 

research effort is being made to examine different ways the produced iron oxides can be reused for 

beneficial purposes, such as pigment, soil amendments, or as sorbents to remove other contaminants from 

water. However, the end-of-use of these produced iron oxides is dependent upon their physical and chemical 
properties which are expected to differ between mine drainage chemistries. The objective of this proposed 

HERE research project is to physically and chemically characterize produced iron oxide solids from 

different mine water chemistries (net-alkaline, alkaline treated, and net-acidic) to determine the effects of 
the original mine water chemical conditions on the type of iron oxide solid formed and its suitability to be 

reused. Expected deliverables include physical and chemical characterization of produced iron oxide solids 

(e.g., pH, particle size, organic matter, etc.). Work will be completed with assistance from graduate student 
M’Kenzie Dorman. 

Coupling small Unmanned Aerial System (sUAS) Technologies with In-
Situ Sampling to Develop Estimations of Mining Waste Material Mass 
Loading Rates 
Robert W. Nairn 

School of Civil Engineering and Environmental Science 

Waste materials from mining operations pose substantial risks to human health and the 

environment. At the Tar Creek Superfund Site approximately 500 million tons of mining waste material 

(“chat”) were produced during a century of operations, which continue to pose risk, as elevated 

concentrations of lead, zinc and cadmium are found in various environmental media (e.g., soils, surface and 
ground water, biota). The volume of waste materials has decreased due to appropriate and inappropriate 

reuse, remedial efforts and other activities and is estimated at about 30 million tons today. The objective of 

this HERE project is to quantify the environmental impact of chat on aquatic ecosystems. Utilizing imagery 
derived from small Unmanned Aerial Systems (sUAS), digital surface models (DSMs) will be developed 

to estimate the quantity and transport potential of chat at selected locations. Physical and chemical 

examinations of the chat will be performed to help determine contaminant mass loading rates. Expected 
deliverables include estimates of waste material volumes and transport potential, physical and chemical 

characterization of mining waste materials, and resulting approximate mass loading rates of mining wastes 

into local streams.  

Watershed Modeling to Predict Effects of Riparian Restoration 
Robert W. Nairn 
School of Civil Engineering and Environmental Science 

In agriculturally dominated watersheds, loss of riparian (streamside) habitat has been identified as 

a major factor in water quality degradation. Over the past several decades, considerable efforts have been 

made nationwide in riparian restoration and conservation. In the Horse Creek watershed near Grand Lake 
o’ the Cherokees, excess nutrient loading has led to stream water quality changes and subsequent harmful 

algae blooms (HABs) in the Horse Creek arm of the lake. Initial riparian conservation efforts have begun. 

However, to better plan for future implementation given limited resources, characterization and evaluation 
of other similar small watersheds in comparable ecoregions, both with and without documented riparian 

conservation efforts, is needed. This HERE project will focus on collection of available historical data sets 

and use of geographic information systems (GIS) to delineate watersheds, characterize land use, land cover, 
and other land-based metrics, and describe water quality and stream discharge. The objective is 

development of a model examining watershed water quality response to riparian restoration which may be 
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used to predict the effects of efforts in the Horse Creek watershed. Work will be completed with assistance 
from graduate student David Wilcox. 

How does turbulent flow affect the transport of mass or heat?  
Prof. Dimitrios V. Papavassiliou 
School of Chemical, Biological and Materials Engineering 

Turbulent flow is the dominant flow regime in industrial processes (e.g., reactors, distillation 

columns, heat exchangers, etc.). While a lot of fundamental research has been devoted in studying mixing 
in isotropic turbulence flows (like for example flows in the atmosphere or in oceans), not as much has been 

done for anisotropic flows (i.e., the flows where the solid walls of industrial machinery is present). We want 

to understand exactly this type of flows, and the effects the solid walls have on the transport of particles 

and large molecules. We use simulations with high end computers (locally, at the OU Supercomputing 
Center for Education and Research, as well as across the country) to observe turbulent flow in well-

controlled conditions. We then release (in the computer program) thousands of particles and let them 

propagate in the flow. From the particle trajectories, we can learn the details of the effects of flow on 
transport, and can develop models to describe the process. A student who has had intermediate Fluid 

Dynamics classes and an interest in computing would be the better fit for this project. Skills to be developed 

include programming, working with high end computers, presenting research results and thinking critically 

about open-ended problems. 

Virtual reality for transport of particles  
Prof. Dimitrios V. Papavassiliou 
School of Chemical, Biological and Materials Engineering 

This is a project for the visualization of the trajectories of molecules and particles in a simulated 

flow field. The data that we have generated in our laboratory for particles moving within the pore space of 

packed bed reactors and for the particles moving in turbulent velocity fields will be used. The data will be 
imported on the virtual reality software that is available through OU’s virtual reality lab, to produce visual 

representations of scientifically obtained data that can be uploaded on a YouTube channel. Skills to be 

developed include programming, working with high end computers, presenting research results and 

thinking critically about open-ended problems. Computer gaming software will be the main tool.    

What happens to blood proteins when blood flows through 
cardiovascular implants?  
Prof. Dimitrios V. Papavassiliou 
School of Chemical, Biological and Materials Engineering 

When suspensions of long molecules (like proteins) move through medical equipment, their 

molecular structure changes because of hydrodynamics stresses acting on them. Such molecular changes 
can result in changes in the macroscopic behavior of the proteins, for example a protein known as Von 

Willebrand factor can lose its activity and blood does not clot. We use molecular level simulations to 

understand the changes that a long molecule can undergo when it gets to flow through carefully controlled 
stress environments. The two extreme conditions are shear flows (where shear stresses are exerted on the 

molecules) and elongational flows (where normal forces act on the molecules). We want to see what are 

the conditions that lead to significant changes in the way the molecules are structured and to develop 
guidelines for the design of medical devices. We use simulations with high end computers (locally, at the 
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OU Supercomputing Center for Education and Research, as well as across the country) to simulate 
molecular interactions. A student who has had intermediate Physical Chemistry and Fluid Dynamics classes 

and an interest and skills in computing would be the better fit for this project. Skills to be developed include 

programming, working with high end computers, presenting research results and thinking critically about 

open-ended problems. 

Data Science for Sustainable Agriculture  
Dr. Audrey Reinert 
Data Institute for Societal Challenges 

The Data Institute for Societal Challenges (DISC) is seeking one or more undergraduate students 

to assist in application of machine learning and artificial intelligence techniques to agricultural and climate 

data as a part of ongoing research efforts for a NSF AI planning grant. Currently available models for 

quantifying the impacts of agricultural management practices on environmental quality are diverse and ,any 
represent detailed physical processes, and some assimilate field and remotely sensed data products. 

Unfortunately, these models are time consuming and computationally intensive to both tune and to run 

simulations. AI can potentially transform earth science models into more nimble, robust decision support 
tools. The student(s) will conduct research in machine learning and artificial intelligence to model the 

relationship between the growing conditions and chemical composition of grape varieties. Additional 

responsibilities will include manuscript preparation and attending regularly scheduled team meetings. 

Desired qualifications:  

• Strong programming skills in Python, Java, HTML, and CSS. Able and willing to learn how to 

program interactive visual tools. 

• Experience designing human-centered research projects. 

Explainable Social Artificial Intelligence 
Dr. Audrey Reinert 
Data Institute for Societal Challenges 

The Data Institute for Societal Challenges (DISC) is seeking two undergraduates to assist in the 

development of a prototype interactive, explainable, socially aware AI. The aim of this project is to assess 

how human operators will react when socially intelligent, interactive AI systems appear to act dishonestly. 
One student(s) will conduct machine learning research and assist in the development of a web-based 

interactive AI decision support system that provides users with recommendations on how to optimally 

complete a routing task. One student will design a set of test scenarios and performance measures to test 
how human trust in the AI’s recommendations changes when the AI system appears to act dishonestly. 

Additional responsibilities will include manuscript preparation, developing IRB protocols, and attending 

regularly scheduled team meetings. 

Desired qualifications:  

• Strong programming skills in Python, JavaScript, HTML, and CSS. Able and willing to learn how 

to program interactive visual tools. 

• Experience designing human-centered research projects. 
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Explorations in Understandable Artificial Intelligence 
Dr. Audrey Reinert 
Data Institute for Societal Challenges 

The Data Institute for Societal Challenges (DISC) is seeking one or more undergraduate students 
to assist in the development of a novel decision support system that created understandable artificial 

intelligence systems by combining machine learning and artificial evolution. The student(s) will design a 

set of evolutionary neural network algorithms and performance measures to explore how evolutionary 
computing techniques can be applied to interactive and explainable decision support systems. Given the 

exploratory nature of the project, the student(s) will be permitted a degree of latitude in designing the 

algorithm and decision support system. Additional responsibilities will include manuscript preparation, 

developing IRB protocols, and attending regularly scheduled team meetings. 

Desired qualifications:  

• Junior or Senior Standing  

• Strong programming skills in Python, Java, HTML, and CSS. Able and willing to learn how to 

program interactive visual tools. 

International Syndromic Surveillance Project 
Dr. Audrey Reinert 
Data Institute for Societal Challenges 
 

The Data Institute for Societal Challenges (DISC) is seeking one or more undergraduate students 
to assist on a recently announced International Syndromic Surveillance Project. This project will evaluate 

the feasibility of a real-time, electronic, syndromic surveillance and decision-making system to provide (i) 

base data needed for accurate situational surveillance, virus spread status, and measurement of mitigation 
actions, and (ii) support for timely, data-, model-, and expertise-driven problem solving. The student(s) will 

conduct machine learning research and assist in the extension of a web-based visual analytics system that 

characterizes disease spreading patterns and supports users to conduct in-depth analysis of the spread of 
COVID-19. This interface, titled PanViz 2.0, incorporates multiple statistical epidemiological models (e.g., 

SIR and SEIR) to quantify and predict disease spreading patterns. This application uses novel visualization 

approaches to allow users to dynamically refine an epidemic model's parameters, compare the predictions 

of multiple models, and conduct what-if analysis to assess the impact of different mitigation strategies. 
Additional responsibilities will include manuscript preparation and attending regularly scheduled team 

meetings.  

Desired qualifications: Strong programming skills in Python, JavaScript, HTML, CSS, and preferably D3 

and the React framework. Able and willing to learn how to program interactive visual tools. 

Candidates with proficiency in Spanish are strongly encouraged to apply. 

REACT Language Translation Project  
Dr. Audrey Reinert 
Data Institute for Societal Challenges 
 

The Data Institute for Societal Challenges (DISC) is seeking one undergraduate to assist on the 

REACT Language Translation Project. This project will involve developing a series of tools in Python to 
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a) provide front end and back end Unicode support for Cyrillic and Georgian scripts for the SMART system,  
b)  develop a language agnostic classification systems using deep learning-based language-specific 

classification, and machine translation independent of classification, on the server or client-side (providing 

users options to view content in either language), and c) identify an implement language translation APIs 

for English, German, Italian, Spanish, Turkish, Georgian, Russian, and French.   The result of this project 
will be integrated into an existing visual analytics system called SMART. SMART is a visual analytics 

project that helps data analysts and first responders identify and track emergencies through social media. 

The undergraduate will work with other undergraduate researchers on parallel projects. Additional 
responsibilities will include manuscript preparation and attending regularly scheduled team meetings. 

 

Candidates with language proficiency in German, Italian, Spanish, Turkish, Georgian, Russian, or French 
are strongly encouraged to apply. 

Desired qualifications: Strong programming skills in Python, JavaScript, HTML, CSS, and preferably D3 

and the React framework. Able and willing to learn how to program interactive visual tools. 

REACT Machine Learning to Classify Misinformation and Disinformation 
Dr. Audrey Reinert 
Data Institute for Societal Challenges 
 
The Data Institute for Societal Challenges (DISC)is seeking one student to work on the REACT Machine 
Learning to Classify Misinformation and Disinformation project. The results of this project will be 

integrated into an existing visual analytics system called SMART.  SMART is a visual analytics project 

that helps data analysts and first responders identify and track emergencies through social media.  
The student will work with other student researchers on parallel projects. This project will involve 

integrating a tool called Botometer into SMART with the goals of a) classifying Tweets as misinformation 

or disinformation, b) tracking the spread of misinformation through social media, and c) providing 

interactive visualizations of the data classification process. Additional responsibilities will include 
manuscript preparation and attending regularly scheduled team meetings. 

 

Candidates with language proficiency in German, Italian, Spanish, Turkish, Georgian, Russian, or French 
are strongly encouraged to apply. 

Desired qualifications: Strong programming skills in Python, JavaScript, HTML, CSS, and preferably D3 

and the React framework. Able and willing to learn how to program interactive visual tools. 

Human Health Monitoring through 3D Printed Sensor 
Prof. Mrinal C. Saha  
School of Aerospace & Mechanical Engineering  

Human health disease is the leading cause of death and has dramatically increased in recent years. 
Difficulty arises in continuous health monitoring to reach out to every individual when they are in the need 

of medical attention especially in villages or remote areas. In this context, flexible and wearable electronic 

sensors have emerged as effective tools for health monitoring purposes. Our long-term goal is to design 

wearable smart sensors which are more effective in human gestures recognition and to provide a solution 
for early diagnosis and prevention of the disease particularly by transferring the patient’s vital signals to a 

medical system so that the transmitted data could be monitored and analyzed by medical expert or alerted 

if any abnormal condition arises. In this project, we are going to fabricate a 3D printed sensor which will 
be used for the detection of vital human signals such as heart-pulse, blood pressure, diverse specific 

phonation recognition etc. In addition, the data will be analyzed by short-time Fourier transform (STFT) 
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analysis and validated by further signal processing. Undergraduate students who participate in this project 
will have an opportunity to learn about 3D printing technology, material synthesis, sensor fabrication, 

mechanical, thermal testing measurements and STFT analysis, signal processing. Students in all 

engineering disciplines are welcome to apply for this project. 

Mechanical Energy Harvesting from 3D Printed Nanogenerator for Smart 
City Development  
Prof. Mrinal C. Saha  
School of Aerospace & Mechanical Engineering  

The energy crisis is one of the most important growing environmental problems that our society is 

facing due to greenhouse gas emissions from fossil fuels and the continuous increase of energy prices 

resulting from eventual fossil fuel depletion. In particular, there has been enormous research interest in 

harvesting energy from the ambient environment for the development of self-powered systems for the smart 
city development. In this context, piezoelectric nanogenerators (PNGs) consisting of diverse nanostructured 

materials offer a great potential to generate electricity from any type of mechanical energy sources. It is 

worthy to mention that PNGs are significantly promising to scavenge “waste energy” from various 
vibrational sources like acoustic vibration, gentle wind breeze, rotating tires, walking, running and keyboard 

typing always available in day and night. In this project, we are going to fabricate a 3D printed 

nanogenerator which will be used for the energy harvesting applications. In addition, the energy will be 
utilized for powering up the smart electronic devices. Undergraduate students who participate in this project 

will have an opportunity to learn about 3D printing technology, material synthesis, nanogenerator 

fabrication, mechanical, thermal testing and electronic measurements. Students in all engineering 

disciplines are welcome to apply for this project. 

Tilt-Rotor Multicopter Drone Design, Build and Fly 
Prof. Wei Sun 
School of Aerospace and Mechanical Engineering 

Drones, especially multicopters, have found application in a large variety of applications including 

search-and-rescue, remote-inspection, environmental monitoring, drone delivery network, surveillance and 
tracking. This project aims to modify a multicopter drone with tilt-rotors which will become a platform for 

tasks such as onboard sensing and package delivery. This project will involve: (i) research on various tilt 

rotor mechanisms and find the most suitable mechanism for multicopters, (ii) implement the tilt rotor 
mechanism on a multicopter, (iii) model the multicopter in a simulation environment, (iv) test fly the 

multicopter and (v) gain experience in using state-of-the-art software and hardware for robotics systems. 

Students in aerospace, mechanical, electrical, and computer engineering are welcome to apply. Prior 
exposure to Matlab, Python, C++ and familiarity with dynamics and control of any multicopter including 

quadcopter will be helpful. 

Wind Field Estimation and Reconstruction with Quadcopter Drones 
Prof. Wei Sun 
School of Aerospace and Mechanical Engineering  

The goal of this project is to mount wind sensors on a team of drones and design algorithms to 

estimate and reconstruction wind field in an area. This project will involve: (i) determine the best-fit sensor 

that can collect wind data and can be mounted on a quadcopter, (ii) design algorithms to collect local wind 

data from the quadcopters and reconstruct the wind field from local data, (iii) implement the algorithm to a 
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simulated quadcopter system, (iv) test the algorithm on real quadcopters and (v) gain experience in using 
state-of-the-art software and hardware for robotics systems. Students in aerospace, mechanical, electrical, 

computer engineering, engineering physics and computer science are welcome to apply. Prior exposure to 

Matlab, Python, C++, ROS will be helpful and experience in coding is a big plus. 

Characterization of Stimuli Responsive Polymers 
Dr. Keisha B. Walters 
School of Chemical, Biological, and Materials Engineering 

Objective: Characterize the property changes in stimuli responsive polymers as a function of pH, 

temperature, and ionic strength 

Stimuli responsive polymers are a class of materials that exhibit changes in their chemical or 

physical characteristics in response to changes in their surrounds such as temperature or pH. This responsive 

behavior allows for tuning of solubility, wettability, and polymer conformation in solution, in surface 

coatings, and in hydrogels. These materials have received significant interest in recent years for applications 
in advanced separations, targeted drug delivery, and smart surface coatings. This project will focus on the 

characterization of stimuli responsive behavior for phosphate- and amine-bearing polymers, both in the 

form of linear and hydrogel formulations. The student will be trained in dynamic light scattering (DLS), 
Zeta potential measurement, UV/Vis spectrometry, pendant drop tensiometry, and rheology to measure the 

properties of these materials in response to changes in pH, temperature, ionic strength, and salt structure. 

Understanding the effects of these variables allows for the careful design of materials for use in targeted 

drug delivery, enhanced imaging theranostics, and hydrogels for use in bioscaffolds and biocompatible 
coatings. 

Synthesis of Stimuli Responsive Polymers 
Dr. Keisha B. Walters 
School of Chemical, Biological, and Materials Engineering 

Objective: Synthesize and characterize novel stimuli responsive polymers 

                Stimuli responsive polymers are a class of materials that exhibit changes in their chemical or 

physical characteristics in response to changes in their surrounds such as temperature or pH. These materials 

have received significant interest in recent years for applications in advanced separations, targeted drug 
delivery, and smart surface coatings. These responses are often strongly linked to the polymer molecular 

weight, so these systems often rely on Controlled Radical Polymerization (CRP) techniques to synthesize 

polymers with well-defined and reproducible molecular weights. This project will focus on the synthesis of 
phosphate-bearing polymers and copolymers for biomedical applications, including as use for 

multifunctional hydrogels and copolymers for improving efficacy of nanocarriers for targeted drug delivery 

and optoacoustic imaging. The student will be trained in Atom Transfer Radical Polymerization (ATRP) 
techniques, Fourier-transform infrared spectroscopy (FT-IR), and gel permeation chromatography (GPC) 

to synthesize and characterize these materials, optimizing the conditions to synthesize these novel materials.  

Water Remediation Using Magnetic Nanoparticles (MNPs) 
Nanocomposites 
Dr. Keisha B. Walters 
School of Chemical, Biological, and Materials Engineering 

Objective: Synthesize and characterize surface-functionalized magnetic nanoparticles (MNP) and 
nanocomposites as adsorbents for water remediation 
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Growing socioeconomic demands for water, coupled with current climate change uncertainty, 
necessitate innovative paths to attaining water security. Inadequate supplies of safe drinking water in 

developing countries account for nearly 1.35 million deaths per year, most of which are children. With the 

rise of such critical issues centered around water security, national and international agencies have begun 
implementing initiatives targeting advanced separation strategies for water remediation. Magnetic 

nanoparticles (MNPs) and surface-functionalized, core-shell MNPs have been identified as promising 

platforms for mitigating water contamination issues (e.g., heavy metal contamination, oil-contaminated 
marine waters).  

Undergraduate research assistants will synthesize 

MNPs and silica core-shell MNPs (nanocomposites) with 
various target surface functionalities. Studies will be carried 

out to determine the adsorption capacity of the synthesized 

particles. In addition to performing synthesis procedures and 
separation studies, students will be trained in 

characterization strategies common to nanocomposite 

systems. To verify the efficacy of the synthesis process and adsorption study, nanoabsorbents will be 
characterized in terms of size, shape, chemical structure, magnetization (magnetic susceptibility), and 

adsorption capacity.  Students will produce bi-weekly research updates, participate and present in monthly 

group meetings, and may present findings in multiple university and technical symposia/conferences. 

Characterization of nanoparticle protein corona compositions 
Prof. Stefan Wilhelm 
Stephenson School of Biomedical Engineering 

Nanoparticles are used in medicine as carriers for imaging agents and drugs. Upon administration 

into the body, the nanoparticle surface interacts with serum proteins to form a so-called protein corona. The 

goal of this project is to isolate the nanoparticle protein corona and characterize its composition as a function 
of nanoparticle surface chemistry and biological media. This project has the potential to create a new 

technology for biomarker enrichment and identification.  

Engineering a microfluidic device for nanomedicine synthesis 
Prof. Stefan Wilhelm 
Stephenson School of Biomedical Engineering 

Nanomedicine is the medical application of nanoparticles. Modern nanomedicines, such as solid 
lipid nanoparticles used in COVID19 vaccines, require synthesis methods that rely on microfluidic systems. 

The goal of this project is to engineer a microfluidic device that allows the assembly of various organic 

nanoparticles with different payloads for downstream preclinical testing of nanoparticle safety and efficacy 
in cell culture and mouse models.  

Using biomolecules to design nanoparticle-based assembly structures 
for diagnostic applications 
Prof. Stefan Wilhelm 
Stephenson School of Biomedical Engineering 

Nanoparticles, such as gold and silver nanoparticles, exhibit unique size-dependent properties for 

the creation of new diagnostic applications. The goal of this project is to design nanoparticle systems that 

respond to the presence of pathogenic nucleic acids. Results from this project may potentially lay the 
groundwork for future diagnostic assays to measure biomarkers in point-of-care settings. 
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Design of RF Rectenna circuit element for remote, wireless powering of 
drones  
Prof. Yan Zhang and Prof. Chad Davis 
School of Electrical and Computer Engineering 

  
The goal of this project is to develop a circuit design that can convert radio frequency (RF) signal 

into DC voltage, which can then be used to charge onboard battery of a small unmanned aerial vehicle 

(UAV). Such a circuit would serve as part of the RF rectenna components for harvesting the electromagnetic 
energy in the ambient environment or directed (beamed) RF energy transmitted from a ground station. In 

this HERE project, we plan to implement and test two solutions, one is a simple high-frequency diode 

rectifier. The other is using the chipset from an industry supplier. For both solutions, we will design, 

simulate, implement, and test the circuits, put them together with an antenna, and test the performance with 
remote transmitter source operating at a frequency around 3 GHz. The project is managed through the 

Aviation and Navigation Team (ANT) of ECE, and any students with basic knowledge of electronics and 

circuits can participate.   

Atmosphere modeling and correction for precise GPS navigation   
 Prof. Yan Zhang and Prof. Chad Davis 
School of Electrical and Computer Engineering 

 

A GNSS-navigation system simulator is important for rapid testing and simulating of the GPS 
location fixing and augmentation algorithms. Such simulation can be done either in hardware instrument or 

in pure software. In this HERE project/study, students will use a MATLAB-based, software GNSS 

simulator, which contains existing models of satellite constellation, atmosphere, GPS receiver, platform, 
and processor, and focus on adding an improved model for the GPS propagation channel, such as 

ionosphere, other parts of the atmosphere, and the multi-path propagation effects. The models will then be 

used to evaluate the impact of the atmosphere on the GPS location solutions and accuracies, and support of 

algorithm development on how to correct these impacts. The project is managed through the Aviation and 
Navigation Team (ANT) of ECE, and any students with basic knowledge of signals and systems or having 

an interest in satellite navigations can participate.   

 
 

 

 
 

 

 

 
 

 

 


