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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.  In pre-clinical studies and preliminary clinical trials, LIT has been able to 

eradicate both treated primary tumors and untreated metastatic tumors at distant sites.  The Chen Lab is 

currently investigating the mechanism of LIT-induced antitumor responses at cellular and molecular levels.  

They are also studying the effect of LIT on tumor microenvironments and its effect in enhancing the 

efficacy of other cancer therapies, such as immune checkpoint therapy.  As this is an interdisciplinary lab, 

students of all backgrounds and interests can find a place!  Students interested in biology and medicine can 

work with cells and animals to determine LIT-induced immunological responses against tumors.  

Engineering-oriented students can work with lasers to determine the photothermal and photo-

immunological effects on tumor cells and target tumor tissues.  Students who enjoy computer programing 

and big data can work on informatics to determine the tumor microenvironment changes induced by LIT 

using single-cell RNA sequencing.  In the Chen Lab, every student has the opportunity to participate in and 

learn different aspects of cancer research. 

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 
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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 Vestibuloocular 

reflex (VOR) in chinchillas exposed to low/mild intensity BOP over time to 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. 

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 enhanced the 

algorithm of TM motion prediction. The data obtained from animal model 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. 

Novel Laser-Immunological Treatment for cholesteatoma in chinchillas 
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 chinchillas model. Our long term goal is to provide a breaking through new 

treatment for cholesteatoma patients.  

Bond Behavior of Non-Proprietary Ultra-High Performance Concrete 
Prof. Royce Floyd, P.E., Ph.D. 
School of Civil Engineering and Environmental Science 

 

Ultra-high performance concrete (UHPC) is a cutting edge cementitious composite with a compressive 

strength up to ten times that of conventional concrete and exceptional durability properties. It also requires 
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significantly shorter embedment lengths to develop the full strength of reinforcing bars. Unlike 

conventional concrete, UHPC has no large aggregate and contains a high percentage of steel fibers. The 

quantity of steel fibers has been observed to significantly influence bond behavior of typical reinforcing 

bars cast in the UHPC. In this project the student will work with graduate students at Fears Structural 

Engineering Laboratory to conduct reinforcing bar pull-out tests using epoxy-coated reinforcing steel and 

non-proprietary UHPC with varying fiber content. The results of these tests will be used to quantify the 

bond behavior of the epoxy coated reinforcing bars typically used for bridge applications and to develop a 

generalized prediction of bond behavior for reinforcing bars embedded in UHPC. 

Internal Curing of Ultra-High Performance Concrete 
Prof. Royce Floyd, P.E., Ph.D. 
School of Civil Engineering and Environmental Science 

 

Ultra-high performance concrete (UHPC) is a cutting edge cementitious composite with a compressive 

strength up to ten times that of conventional concrete and exceptional durability properties. The low water 

content of UHPC leads to significant quantities of unhydrated cement within the matrix, yet the low 

permeability of the concrete does not allow external curing water to reach the cement to continue curing. 

This unhydrated cement only contributes to the concrete as filler while increasing the overall cost. 

Researchers at the University of Oklahoma have developed a non-proprietary UHPC mix made with local 

materials with the potential to give state departments of transportation much more flexibility. Internal curing 

water provided by presoaked lightweight aggregate may be the answer to improve performance of this 

mixture by increasing concrete compressive strength and reducing concrete shrinkage through improved 

cement hydration. In this project the student will work with graduate students at Fears Structural 

Engineering Laboratory to evaluate the effect of internal curing on concrete compressive strength, 

shrinkage, and freeze-thaw durability. The student will develop the adjusted mix designs, cast required test 

specimens, and conduct all material testing. 

Hearing Damage Induced by Repetitive Blast Exposure – Function Tests 
and Microstructure Characterization   
Prof. Rong Gan 
School of AME 

 

Repetitive exposure to blast overpressure even at a low level frequently results in hearing damage in Service 

members and Veterans. This project is to identify the changes of hearing function and the brain tissue 

damage after repeated blast exposures in an 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) and distortion product 

otoacoustic emission (DPOAE) of cochlear hail cell response. Histology study includes 

immunohistochemistry or immunofluorescence imaging. Research undergraduates will work with graduate 

students in Biomedical Engineering Lab located at Stephenson Research Technology Center (SRTC).     

Design and Characterization of 3D-Printed Vibration Isolators 
Prof. Scott Harvey 
School of Civil Engineering and Environmental Science 

 

The relatively recent advent of additive manufacturing (or 3D printing) is an exciting opportunity to rapidly 

fabricate and test scale models of structures and devices. The characteristics and behavior of these models 
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are fundamentally similar to their full-scale counterparts, permitting lab-scale validation of concepts not 

easily or feasibly constructed at full scale. The behavior of the 3D printed models depends on their 

geometry, as well as the 3D printer settings and the material properties of the thermoplastics. This project 

aims to characterize the behavior of 3D-printed vibration isolators through both static and dynamic tests. 

Static load tests will help to identify the material properties such as Young’s modulus, while shake table 

tests will be used to characterize the devices’ dynamic responses when subjected to seismic loads. Students 

participating in this research will be exposed to experimental techniques, such as data acquisition and data 

processing. Applicants from Civil Engineering & Environmental Science or Aerospace & Mechanical 

Engineering are encouraged to apply. Experience with AutoCAD, Solidworks, LabView, and/or MATLAB 

is helpful but not required. 

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). 

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. 
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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. 

PanViz 2.0 Development Project 
Dr. Yessenia Jimenez 
Data Institute for Societal Challenges 

 

The Data Institute for Societal Challenges (DISC)is seeking one undergraduate to assist on the PanViz2.0 

Development project. PanViz 2.0 is a visual analytics project that helps data analysts and the public assess 

and track the spread of COVID-19 within the United States. The student(s) will conduct machine learning 

research and assist in the development of a web-based visual analytics system that characterizes disease 

spreading patterns and supports users to conduct in-depth analysis. PanViz  2.0 will incorporate multiple 

statistical epidemiological models (e.g., SIR and SEIR) to quantify and predict disease spreading patterns. 

PanViz 2.0 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. 

REACT Inferring Geolocation Project 
Dr. Yessenia Jimenez 
Data Institute for Societal Challenges 

 

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

REACT  Inferring Geolocation Project. 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.  This project will involve developing a 

series of machine learning algorithms in Python to a) provide the geolocation of a tweet,  and b) provide 

interactive visualizations.  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 Language Translation Project  
Dr. Yessenia Jimenez 
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 

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 
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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 
Project  
Dr. Yessenia Jimenez 
Data Institute for Societal Challenges 

 

The Data Institute for Societal Challenges (DISC)is seeking one undergraduate to assist 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 undergraduate will work with other undergraduate 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. 

Sustainability for Arts Organizations 
Dr. Yessenia Jimenez 
Data Institute for Societal Challenges 

 

For centuries, the performing arts and arts organizations have relied heavily on tradition and 

common practice.  Unfortunately, this has allowed for little adaptability and reduced flexibility during 

changing economic climates, shifting government priorities, and morphing community needs. 

Furthering the issue, Covid-19 has exposed just how fragile these arts ecosystems have become 

across the world.  Donors, communities, and governments have lost interest, and it will be years of 

economic recovery before large gifts return to the table.  The question is, how do the performing arts recover 

and create a sustainable plan for operating indefinitely?   

I believe the future of sustainable arts is in much more meaningful community immersion.  The 

problem, alluded to above, is that centuries of sticking to tradition has turned a blind eye to minorities, 

resulting in substantial underrepresentation.  A lack of looking inward, at hiring practices, community 

engagement, and offering programs that speak to more diverse audiences has resulted in communities no 

longer seeing themselves represented in their local orchestra.   

Students involved in this project will explore what types of institutional behaviors in the performing 

arts result in better community engagement, with hopes of increasing donorship, patronage, and overall 

community investment  In an effort to connect most meaningfully with the surrounding community, this 
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will involve addressing centuries of systemic exclusionary practices towards minorities.  Students will track 

data surrounding programming, patron retention, access, outreach offerings, hiring practices, and equity 

initiatives in hopes of better understanding what succeeds regarding community investment, creating a 

working business plan for future operational years.   

Leach Testing of Oklahoma Coal Fired Fly ash 

Dr. 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. 

Build Fair Prediction Models using Machine learning  
Prof. Chao Lan 
School of Computer Science  

 

In modern application of machine learning, model fairness is a significant concern. An unfair model can 

make influential predictions with illegal or immoral discriminations against minority people. In jurisdiction, 

for example, models are used to predict recidivism but research shows the predictions are biased against 

black defendants. In job hiring, as another example, models are used to assess applicant qualification but 

research shows the assessments are biased against females. How to avoid unfair models and build fair 

models using machine learning? This is the general objective of this project.  

Student involvement: This project has three aims. First, help the student acquire knowledge on the 

fairness issues in machine learning and techniques to address them. Second, help the student implement 

and experiment some techniques on real-world data sets in Python. Third, expose the student to the research 

realm of machine learning and algorithmic fairness. This project is more suitable for students who have 

taken one machine learning course, understand probability, and have proficient programming skills.  

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 
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biomechanical data for soft biological tissues, (ii) statistical analysis 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-patient 

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) designing experiments; (ii) preparing tissues for histological purposes; (iii) histologically 

examining biological tissues; and (iv) understanding tissue engineering approaches. Students from 

engineering 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. 

The main objective of this project is to investigate the synthesis of shape memory polymers with optimal 

material properties for use as a medical device. This project will involve: (1) synthesis of polymers with 

various chemical compositions, (2) modification of synthesis procedures to produce unique SMP shapes 

and structures (ex: foams, solid beams, etc.), (3) exploration of the use of additive components to allow for 

triggering mechanisms other than heat (e.g., light, electric current, chemical, etc.), and (4) development of 

in vitro testing systems for evaluating medical device performance (such as a flow loop for modeling blood 

flow within an aneurysm). Students from all engineering disciplines who are interested are welcome to 

apply for this project. 

3D Geometry Reconstruction of Biological Tissues 
Prof. Chung-Hao Lee 
School of Aerospace and Mechanical Engineering 
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Analysis of biological systems can benefit from 3D geometric reconstructions of those systems from patient 

imaging data, which allow for subsequent computational frameworks to predict 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 threefold: (i) acquiring micro-CT image data at the OU Advanced Medical 

Imaging Facility, and (ii) performing reconstruction of the 3D geometry of the brain aneurysms and heart 

valves and (iii) developing finite element meshes of the constructed geometries. The development of the 

finite element meshes may also be informed by dissection of porcine hearts in the laboratory to perform 

morphological studies of the heart valve geometries. Undergraduate students involving in this project will 

have an opportunity to gain experience on image segmentation via commercial software Amira as well as 

finite element mesh generation using software Hypermesh. 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. To deal with this issue, this project proposes a new approach to detect PQDs using 

an advanced deep neural network model. 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, and plan to take a maximum 

of 15 semester credits are strongly encouraged to apply. Prior experience in machine learning is a plus. 

Data Curation for Fail-Safe Healthcare Networks 
Lin Guo (Doctoral Candidate, ISE), Professor Janet K. Allen (ISE), Professor. Farrokh Mistree 
(AME)  
Systems Realization Laboratory; ISE/AME Joint Enterprise  

School of Industrial and Systems Engineering  

 

A complex system, such as a healthcare, often suffers from hidden bottlenecks, policy resistance, 

overwhelming but unnecessary investment, and wrong assumptions. The well-intentioned interventions are 

sometimes defeated by the response of the system to the intervention itself and do not result in any 

improvement. For a healthcare system, to develop control factors to maximize its efficiency, we need to 

understand its structure, dynamics, and cause-and-effect nature. When authentic data is limited, or with low 

quality, or completely unavailable, process-driven methods allow us to generate data using modeling and 

simulations with domain expertise and metaheuristics as input.  

In this project, we propose to use multiple simulation tools to generate synthetic data to capture the 

cause-and-effect relations among factors in the healthcare system, identify the control factors, sensitive 
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factors, and the functional relationships among the factors, and incorporate such information into decision 

support tools to make improvements. 

In this project, the HERE scholar will be working with Ph.D. candidate Lin Guo and Professors 

Allen and Mistree. The HERE scholar will have an opportunity to learn about data curation methods, 

network planning, fail-safe network, and practice data science. The HERE scholar will learn how to use 

and integrate multi-scale simulations to generate and verify synthetic data, frame a network problem, and 

learn fail-safe network planning. The results may be presented at peer-reviewed conferences or academic 

journals. Students with prior experience in Python, high enthusiasm to read and learn agent-based modeling, 

and plan to take a maximum of 15 semester credits are strongly encouraged to apply. 

Developing a Business Model for Social Entrepreneurs to Promote 
Agriculture 4.0 in India 
Lin Guo (Doctoral Candidate, ISE), Professor Janet K. Allen (ISE), Professor. Farrokh Mistree 
(AME), Dr. Ashok Das (SunMoksha, LLC, India) 
Systems Realization Laboratory; ISE/AME Joint Enterprise  

School of Industrial and Systems Engineering  

 

Dr. Ashok Das is a Social Entrepreneur in India - https://sunmoksha.com/ .  Together with Dr. Das, 

Professors Allen and Mistree are working with Dr. Das and his colleagues to define Agriculture 4.0. 

To promote Agriculture 4.0 based on new technologies, such as solar microgrid, the Internet of 

Things, precision irrigation system, E-commerce, etc., in a large, diverse developing country, such as India, 

we need a business model to standardize and customize the process and make the knowledge reusable. In 

this project, we plan to develop a business model for promoting Agriculture 4.0 in sustainable farming in 

rural India. In the business model, we address four issues, the social acceptance of a new lifestyle, scarcity 

of natural resources, climate change, and food waste. 

In this project, our tasks include 1) data curation – to use simulation tools and scenario planning to 

generate synthetic data for analysis, 2) data verification – to use domain knowledge, information in 

literature, and cross validation to ensure data quality, 3) promotion activities – to identify effective 

promotion activities, and 4) directed evolution – to learn the patterns of the evolution of the cyber-physical-

social system and design mechanisms to realize directed evolution. 

In this project, the HERE scholar will be working with Ph.D. candidate Lin Guo, Professors Allen 

and Mistree and Dr. Ashok Das. The HERE scholar will have an opportunity to learn about simulation 

tools, design of experiments, and decision models. The results may be presented at peer-reviewed 

conferences or academic journals. Students with prior experience in simulations and modeling, high 

enthusiasm to read and learn, and plan to take a maximum of 15 semester credits are strongly encouraged 

to apply. 

Himalayas for the Future – A Tool for Scenario and Policy Analysis (TSPA) 
Modelling Approach 
Professor Janet K. Allen (ISE), Professor. Farrokh Mistree (AME), Dr. Ashok Das (SunMoksha, LLC, 
India) 
Systems Realization Laboratory; ISE/AME Joint Enterprise  

School of Industrial and Systems Engineering  

 

Dr. Ashok Das is a Social Entrepreneur in India - https://sunmoksha.com/ .  Together with Dr. Das, 

Professors Allen and Mistree are working with people at the International Union for the Conservation for 

Nature (Delhi) to develop a Tool for Scenario and Policy Analysis.  The tool consists of a computational 

framework to establish a proof of concept for addressing sustainability issues associated with the Himalayan 

https://sunmoksha.com/
https://sunmoksha.com/
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Region and a Dashboard to exercise the tool.  The computational models to harmonize the interaction 

between people, planet and progress are developed in India.  In this project, the HERE scholar will be 

working with Professors Allen and Mistree and Dr. Ashok Das in developing a dashboard, that makes use 

of the framework, to be used by policy makers at the Union Government and State levels.   

The HERE scholar will have an opportunity to work in an international team and learn about 

sustainable development, simulation tools and decision models. The results may be presented at peer-

reviewed conferences or academic journals. Students with prior experience in creating GUIs, high 

enthusiasm to read and learn, and plan to take a maximum of 15 semester credits are strongly encouraged 

to apply. 

Satisficing in the World of Engineering Design 
Lin Guo (Doctoral Candidate, ISE), Professor Janet K. Allen (ISE), Professor. Farrokh Mistree 
(AME)  
Systems Realization Laboratory; ISE/AME Joint Enterprise  

School of Industrial and Systems Engineering  

 

According to Herbert A. Simon, the decision-maker has a choice between an optimal decision from an 

imaginary world, or decisions that are “good enough,” that satisfice, for a world approximating the complex, 

real one more closely. 

There are two strategies that can be adopted in the model-based realization of complex systems, 

namely, mitigating uncertainty and managing uncertainty.  The former is anchored in optimization theory 

and the latter in the satisficing construct.  in managing complex systems regarding the solution algorithms, 

Mitigating uncertainty in the models necessitates formulating a problem exactly and solving it 

approximately.  Managing uncertainty embodied in the computational models involves approximating a 

problem and solving it exactly. In this project, we will demonstrate: 

• What are the characteristics of engineering design problems? 

• What are the characteristics of the decision models for engineering design problems? 

• Why are satisficing solutions relatively insensitive to uncertainties?  

• Why is the satisficing strategy more appropriate for managing engineering design problems? 

In this project, the HERE scholar will be working with Ph.D. candidate Lin Guo and Professors 

Allen and Mistree. The HERE scholar will learn how to review the literature and identify research gaps, 

formulate and explore decision models using both strategies, and apply the satisficing strategy in robust 

design. The results may be presented at peer-reviewed conferences or academic journals. Students with 

prior experience in modeling using Python/Gurobi/MATLAB, high enthusiasm to read and learn, and plan 

to take a maximum of 15 semester credits are strongly encouraged to apply. 

Social Responsibility and Green Supply Chains 
Reza Alizadeh (Doctoral Candidate, ISE), Professor Janet K. Allen (ISE), Professor. Farrokh Mistree 
(AME)  
Systems Realization Laboratory; ISE/AME Joint Enterprise  

School of Industrial and Systems Engineering  

 

We use the phrase purchasing social responsibility (PSR) to describe the involvement of purchasing 

managers in socially responsible activities. Our focus is to examine the potential impact that PSR might 

have within the green supply chain. The expected tasks include identifying the PSR’s impact on supplier 

performance, as well as its impact on green supply chain performance through improved trust and 

cooperation. The findings will hold important implications not only for purchasing managers but 

also logistics managers in the areas of customer service, distribution, and business-to-business marketing.  

https://www.sciencedirect.com/topics/social-sciences/social-responsibility
https://www.sciencedirect.com/topics/social-sciences/logistics
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In this project, the HERE scholar will be working with Reza Alizadeh (PhD candidate, ISE), 

Professors Allen and Mistree. The HERE scholar will have a great opportunity to frame a problem on green 

supply with a focus on social sustainability, social justice and corporate social responsibility and develop 

mathematical models to quantify a sustainable development problem. Further, the HERE scholar will have 

an opportunity to showcase the results at peer-reviewed conferences and/or academic journals. Students 

with prior experience in Python, high enthusiasm to read and learn ML, and plan to take a maximum of 15 

semester credits are strongly encouraged to apply. 

Power system protection and substation automation for next-generation 
renewable energy systems 
Dr. Paul Moses 
School of Electrical and Computer Engineering 

 

In modern power systems, electrical faults are normally detected by devices known as protection relays 

which are installed in substations for monitoring high voltage transmission and distribution circuits. 

Situational awareness of operators for power grid and protection systems is accomplished via the 

supervisory control and data acquisition (SCADA) system.  Unfortunately, there are many transient 

disturbances that go undetected resulting in severe damage to equipment such as transformers. For example, 

distributed energy resources such as rooftop solar photovoltaics and wind power farms complicate 

protection system design due to volatile bidirectional power flows and dynamics which have been known 

to cause maloperation of relays and unintended tripping of circuit breakers.  The student will assist in a 

team environment to fulfill the project goals: 1) establishing a new hardware-based renewable energy 

system testbed with a cyber-physical SCADA system that networks with protection relays, 2) investigate 

the response and limitations of modern protection relays in detecting dynamic disturbances with renewable 

energy, and 3) improve the protection of critical components such as power transformers operating under 

distorted grid conditions. The project requires students to be involved in one or more aspects such as hands-

on electrical wiring, programming and building SCADA systems, conducting simulations and experimental 

work.  Students with an interest in power engineering and SCADA and have taken ac and dc circuit courses 

are encouraged to apply. 

Characterization of Mine Water Derived Iron Oxide Solids to Determine 
Potential Beneficial Reuse 
Dr. 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 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 
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(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 
Dr. 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. 

Work will be completed with assistance from graduate student Brandon Holzbauer-Schweitzer. 

Watershed Influences on Reservoir Chemical Composition and 
Treatability of Source Water Taste and Odor Problems 
Dr. Robert W. Nairn 
School of Civil Engineering and Environmental Science 

 

Many communities rely on surface water reservoirs as their primary drinking water sources. At many 

locations, seasonal lake turnover brings about offensive taste and odor problems, leading to customer 

complaints. As part of a larger research project examining treatment techniques for the taste and odor 

compounds methyl isoborneol (MIB) and geosmin from algal and bacterial metabolism in Lake 

Thunderbird and Grand Lake o’ the Cherokees, an examination of watershed influences on water chemical 

composition and subsequent treatment effectiveness is needed. These two reservoirs, in different ecoregions 

and with varied watershed geology, soils and land uses, have both experienced blooms of harmful algae 

that contribute to taste and odor problems. The goal of this HERE project is to examine contributing 

watershed factors (e.g., land use, land cover, permitted discharges) on source water chemical composition 

and potential selection and performance of treatment options. Collection of available secondary data (e.g., 

watershed data, water quality) data and incorporation of such data into geographic information systems 

(GIS) and other databases allowing statistical evaluation is necessary. Work will be completed with 

assistance from graduate student Rachel Croft. 

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

used to predict the effects of efforts in the Horse Creek watershed. Work will be completed with assistance 

from graduate student David Wilcox. 

Develop a Python code to provide an interface between a Matlab 
program with ecobee smart thermostat API for smart A/C operations 
Prof. Li Song 
Building Energy Efficiency Laboratory - BEEL 
School of Aerospace and Mechanical Engineering 
  
A Matlab code is developed with an advanced learning-based A/C operation algorithm by BEEL under the 

DOE sponsorship.  This project is designed to a Python interface to implement the calculation results of the 

Matlab code or a simplified alternative into an ecobee thermostat that is installed in a test home facility on 

the OU campus.  
ecobee is one of the three largest smart thermostat company. The ecobee API provides an http-based 

interface for control and access to the ecobee thermostats. The student who participate in this project will 

have access to the API of a thermostat installed in the test home on the OU campus and the student can also 

receive assistance/support provided by ecobee engineers.  

Design and build a smart light controller using Raspberry PIs 
Prof. Li Song  
Building Energy Efficiency Laboratory - BEEL  

School of Aerospace and Mechanical Engineering 

  

The project is to design and build a controller to monitor light status and to turn on/off lights or other plug 

loads in a OU’s lab home using Raspberry PIs. It is also required to connect the controller with the existing 

Volttron system in the lab house that is currently monitoring/controlling A/C system in the house.  

Understand thermal properties of a OU lab house 
Junke Wang (Ph.D. candidate) with Prof. Li Song 
Building Energy Efficiency Laboratory - BEEL  

School of Aerospace and Mechanical Engineering 

  

Envelope performance evaluation, namely evaluation of the thermal properties (thermal transmittance and 

capacity) are becoming increasingly important for achieving energy efficient homes.  Therefore, a model-

based envelope evaluation method was developed by the BEEL team. The experimental project designed 

for this HONOR project is to validate the model-based method by obtaining resistance and capacitance 

values of different facades in a lab home using measurements. The measurements will include space air 



Spring 2021 Honors Engineering Research Experience – Project Topics 

 

17 
 

temperature, wall surface temperature and inside wall temperature using thermocouples. Although majority 

of the thermal couples and a data acquisition system have already installed in the lab house, additional 

sensors might need to be installed by the student who carries out this project. 

 

Weather data scraping from Mesonet website  
Yilin Jiang (Ph.D. student) with Prof. Li Song 
Building Energy Efficiency Laboratory - BEEL  

School of Aerospace and Mechanical Engineering 

 

Building HVAC system operations heavily depend on weather conditions. Therefore, weather station is a 

mandatory device for building energy efficiency research in the BEEL.  This project is designed to write a 

webscraping code to obtain the weather data of Norman from Mesonet using one of the Raspberry Pis on 

the data acquisitions system (Volttron) in the BEEL lab house.  Some statistic analysis need to be carried 

out to compare the Mesonet data with the data collected from a local weather station in the lab house. 

(The Oklahoma Mesonet is a network of environmental monitoring stations . The network consists of 121 

automated stations covering Oklahoma and each of Oklahoma's counties has at least one station. At each 

site, the environment is measured by a set of instruments located on or near a 10-meter (33 ft)-tall tower. 

The measurements are packaged into “observations” and transmitted to a central facility every 5 minutes, 

24 hours per day, every day of the year.)li 

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 design algorithms to estimate and reconstruction wind field in an area with a 

team of quadcopter drones. 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 without dedicated wind sensors if needed and reconstruct the wind field from local data, (iii) 

implement the algorithm to a 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 

https://en.wikipedia.org/wiki/Environmental_monitoring
https://en.wikipedia.org/wiki/List_of_counties_in_Oklahoma
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welcome to apply. Prior exposure to Matlab, Python, C++ will be helpful and experience in coding is a big 

plus. 

 

Designing a Sensor:  Evaluation of Layered and Blended Polymers 
Prof. Keisha B. Walters  
School of Chemical, Biological and Materials Engineering  

 

An effective sensor device must have many components working in tandem.  In the simplest terms, a sensor 

must have a threshold for detecting an external stimulus and a method (or measurable parameter) for 

displaying the ‘detection’.  It may be manual or automated, electronic or analog, single- or multi-use, and 

could perhaps even contain a collector to accumulate the external stimulus. In this project, we will evaluate 

how the design of polymeric components of a sensor affect the function.  The goal will be to construct 

multi-layer and blended polymer films and evaluate the mechanical properties along with the transport 

properties—of water and dissolved analyte species.  The effect of solution pH, temperature, and salinity 

will also be included in the study.  The HERE scholar working on this project will participate actively in 

Prof. Walters research group and will have the opportunity to present their results at regional and national 

conferences. The project tasks will span literature review, limited wet chemistry, polymer processing, 

mechanical testing, and analytical materials characterization.  An interest in materials science and 

engineering and a desire to learn are the only prerequisites.   

Design of biomechatronic system for stroke rehabilitation 
Prof. Yuan Yang 
Stephenson School of Biomedical Engineering 

 

The overall goal of this opening project is to develop a biomechatronic system for assessing movement 

impairment after a stroke. A hallmark of post-stroke movement impairment is the loss of fine movement 

control in the arm and hand opposite to the side of the stroke lesion. This impairment limits the most basic 

activities of daily living like dressing, eating and grooming, and is typically associated with stiffness or 

tightness of the muscles (clinically known as spasticity). The impairment is thought to be caused by an 

increased reliance on indirect pathways from the brain to the spinal cord after a brain injury-induced loss 

of direct pathway connections. Existing clinical diagnostic tools (e.g. Fugl-Meyer Assessment) provide a 

crude assessment of impairment severity; however, they do not provide insight into the usage of indirect 

motor pathways, which is an important cause of post-stroke movement impairment. Dr. Yang very recently 

developed a novel signal processing approach that allows the assessment of the usage of indirect motor 

pathways during movement control based on the nonlinear correlation between brain (EEG) and muscle 

(EMG) signals. He is looking for ME/ECE/BME/Pre-Med students to build a setup that integrates a 

clinically rehabilitation device (i.e., Biodex Quick-Set dynamometer), EEG and EMG recording systems 

for a real-time assessment of the usage of indirect motor pathways during volitional movement control and 

stretch reflexes. 

 

https://www.ou.edu/coe/cbme/research/polysel

