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Project’s College: College of Agriculture Category: Life Sciences 

Research Talk 

Title: 

The effects of β-Glucan from Cordycep Mushrooms Diets on Swine Microbiota Composition 

Authors: 

Johnnie Cheng, College of Agriculture 

Tessa Sheets, College of Agriculture 

Natalie Glidden, College of Agriculture 

Abstract: 

Modern day agricultural practices are shifting to less antibiotic usage in food animal production due to 

scientific, socio-political, and consumer concerns. However, the need to maintain healthy livestock while 

preventing the onset of pathogenic outbreaks still needs to be kept at a high standard; otherwise, the industry 

and the consumers are at biological and financial risks. One method to move away from antibiotics but still 

maintain animal health, is to look at alternatives that promote natural immunity and animal gut health. Recent 

studies have shown that β-glucans encourage the production of cytokines and chemokines which activate 

macrophages and increased sensitivity to pathogenic antigens in the host. This study focused on using varying 

diets with differing levels of β-glucans from Cordyceps-based mushroom powders to post-weaned piglets and 

observe the diversity and compositional changes in their intestines over 5 weeks of feeding. Throughout this 

project, sixty piglets were assigned to 35 pens with one barrow and one gilt placed in each pen. For the 

duration of the study, each pen was subject randomly to one of five different dietary treatments: a negative 

control diet without any antimicrobial additives, a positive control diet with 55 ppm Carbadox (antibiotic) added, 

a 300 ppm Cordyceps-based mushroom powder diet, 600 ppm Cordyceps-based mushroom powder diet, and 

a step-down diet containing 900, 900, 450, 300, and 150 ppm Cordyceps-based mushroom powder diet for 

weeks 1, 2, 3, 4, and 5 respectively. Body weight, average daily gain, average daily feed intake, and feed 

conversion values were recorded on day 0, 7, 14, 21, and 28 of the experiment. Fecal samples were obtained 

after 5 weeks on the treatment diets. After the endpoint sample collection, metagenomic bacterial community 

composition was determined using 16S rRNA gene sequencing, and QIIME2-based bioinformatic analysis. 

Alpha diversity was calculated via Faith phylogenetic diversity for both richness and evenness metrics. Results 

concluded that there are no significant differences amongst fecal samples between treatments for both 

richness-based and evenness-based metrics. Additionally a Kruskal-Wallis (pairwise) comparison between the 

antibiotic dietary treatment and the mushroom dietary treatments had a p-value slightly below the significance 

threshold of 0.05, indicating that the slight difference is not considerable enough for impact on the microbial 

diversity. Additionally, a weighted and unweighted Unifrac distance Emperor plots were created to test for beta 

diversity. The permanova pairwise statistical tests graph the respective distance for the PCoA plots, and 

similarly to alpha diversity, the results indicate no significant differences between the Carbadox and β -Glucan 

diets. It was expected for there to be an increase in Lactobacilli and Bifidobacteria. Previous studies have 

shown that β -glucans are present in these various bacteria and are capable of influencing gut microbiota. 

However, from the study, there were no discernable differences between the different treatment groups. There 

may have been potential factors in the experimental design that could be changed or revisited such as finding 

sources of error in the study from sample collection to wet lab procedures. While the study concludes not 

enough significant differences from the effects of β-glucans, there can be many improvements made to 



experimental design and research preparation to challenge and reproduce similar procedures from other 

conducted studies. 

Mentor(s): 

Timothy Johnson, College of Agriculture 



Project’s College: College of Agriculture Category: Life Sciences 

Research Talk 

Title: 

Microbial Community on Animal Carcass During Slaughter 

Authors: 

Natalie Glidden, College of Agriculture 

Abstract: 

In the food processing industry, it is important to ensure proper sanitary and handling practices to prevent 

bacteria from contaminating the meat and causing foodborne illness. The goal of this project was to determine 

the bacteria present on the carcass despite the use of sanitary procedures during slaughter. Swabs were taken 

from 9 different pigs after 3 initial phases of slaughter. Each pig was swabbed along both sides of their body 

and on the stomach after the pigs were exsanguinated. The pigs were then placed in a scalder where hot 

water was used to remove their hair. The pigs were then swabbed along the body after scalding. The final 

swabs were taken along the left and right sides of the carcass after the insides had been removed. DNA was 

extracted from the swabs, followed by 16S rRNA gene amplification via PCR and amplicon sequencing. Data 

analysis was performed using QIIME 2 bioinformatics software. The samples all had a diverse bacterial 

community with an ASV of 350. Some of the notable genera were Clostridium sensu stricto, Terrisporobacter, 

Turicibacter, Methanobrevibacter, and Escherichia-Shigella. Noting that bacteria Escherichia was present 

during each of the three initial phases of slaughter. Based on alpha diversity that measures the richness and 

evenness of the environment, the overall community composition between exsanguination and after scalding 

decreased in the number of species present. By understanding what bacteria are present during the three 

initial phases of swine slaughter, one can help reduce the likelihood of foodborne illnesses. 

Mentor(s): 

Timothy Johnson, College of Agriculture 

Johanna Muurinen, College of Agriculture 



Project’s College: College of Agriculture Category: Life Sciences 

Research Talk 

Title: 

LAOS of low-fat and high-fat cream cheese products with increasing strain amplitude and frequency sweeps in 

the linear region at sudden deformation stops 

Authors: 

Anh Minh Le, College of Agriculture 

Abstract: 

The objective of this study was to investigate the impact of increasing strain amplitudes on the nonlinear 

rheological behavior of high-fat and low-fat soft cream cheeses. Rheological measurements of cream cheeses 

were conducted using a Discovery Hybrid Rheometer (DHR-3) from TA instruments (Newcastle, DE) with a 40-

mm sand blasted parallel plate and a sand. Frequency sweeps in the linear viscoelastic region at a strain of 

0.04% were conducted immediately after each sample had been subjected to amplitude sweeps at eight strain 

levels (0.04%, 0.6%, 4%, 10%, 50%, 80%, 200%, 1000%). All cream cheese samples exhibited a solid-like 

behavior in the linear viscoelastic region and began transitioning into the nonlinear region at 2-3% strain. The 

high-fat samples showed higher G’ and G” values than the low-fat samples in the linear viscoelastic region. 

However, the low-fat sample showed several structural thresholds along the breaking down process while the 

high-fat sample broke down more gradually. Both formulations exhibited shear-thinning and strain-stiffening 

behavior in the nonlinear region. The results provide more insights about the rheology of these soft cheeses 

than is possible with linear viscoelastic rheology to facilitate understanding changes in the cheeses during the 

manufacturing process to enable the manufacture of cheeses with consistent quality that lead to consistent 

mouthfeel. 

Mentor(s): 

Merve Yildirim, College of Agriculture 

Jozef Kokini, College of Agriculture
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Research Talk 

Title: 

Characterization of the Bull Semen Microbiome. 

 

Authors: 

Tessa Sheets, College of Agriculture 

 

Abstract: 

In order to satisfy the demand for beef products, producers must be able to properly manage the turnover of 

cattle using successful reproductive techniques. This includes diagnostic methods to determine and solve 

procreant problems including bacteriology and virology. However, there is a lack of information regarding the 

commensal bacterial populations that colonize the bovine reproductive tract. The objective of this study is to 

characterize the composition and diversity of the microbial community found in bull semen. Forty-nine bulls 

between the ages of 12 to 72 months were sampled from seventeen different farms located throughout the 

Midwest. Eleven breeds were represented and each bull was given a breeding classification of either being a 

satisfactory, deferred, or unsatisfactory potential breeder which was determined from a breeding soundness 

evaluation. Bacterial DNA was isolated from collected semen after sperm DNA was removed using differential 

lysis and subsequent enzymatic digestion. Amplification of the bacterial 16S rRNA gene was then performed. 

The metagenomic samples were sequenced with the Illumina MiSeq sequencer and the resulting sequence 

data was analyzed using Qiime2 and R Studio bioinformatics software. Some of the notable genera found in 

bulls classified as satisfactory potential breeders included Escherichia-Shigella, Bacteroides, Streptococcus, 

and Methanobrevibacter with relative abundances of approximately 20%, 15%, 5%, and 3% respectively. 

Despite there being no significant differences in breeding score when performing alpha and beta diversity 

tests, it was discovered that Porphyromonas was present in unsatisfactory bulls. This genus has been 

associated with bovine necrotic vulvovaginitis and present in cattle suffering from papillomatous digital 

dermatitis. It is important to have a baseline of knowledge regarding the bovine seminal community in order to 

further advance reproductive diagnostics and treatments in cattle herds. 

 

Mentor(s): 

Timothy Johnson, College of Agriculture  

Carmen Wickware, College of Agriculture 



Project’s College: College of Agriculture Category: Life Sciences 

Research Talk 

Title: 

Histomorphic Analysis of the Effect of Day and Level of Colostrum Intake on Jejunum Development. 

Authors: 

Jocelyn Sheets, College of Agriculture 

Kirsten Senn, College of Agriculture 

Abstract: 

Colostrum is the first milk and provides immunity, nutrients, energy, and bioactive factors which are essential 

for the survival and development of newborn piglets. The first few days after birth, the gastrointestinal (GI) tract 

undergoes developmental changes and rapid growth in response to bioactive factors in milk. We hypothesized 

that amount of colostrum a neonate consumes the first 24 h postnatal effects the development of the GI tract. 

The objectives of this study were to measure the histomorphic growth of the jejunum between birth (day 0, D0) 

and postnatal day 7 (D7) to determine the effect ingesting high versus low amounts of colostrum. Gilts were 

identified at birth (D0, n=6) or bottle fed a 24 h colostrum dose of 10% (COL10, n=7) or 20% (COL20, n=7) of 

birth body weight. Colostrum fed neonates were returned to birth sows after 24 h and allowed to nurse 

naturally until postnatal (d7). Gilts were dissected, jejunum removed, and placed in buffered formalin for 

preparation of histological sections. Tissues sections were stained with hematoxylin and eosin, and images 

were captured at 10 X. ImageJ software was used to measure villi length, width, stromal and epithelial area, 

and crypt length. There was no difference between COL10 and COL20, in any of the morphological features. 

Between D0 and D7 villi width, epithelial area, and crypt length increased (P<0.05). GI tract showed

differences in histomorphology across the first week postnatal that was not affected by level of colostrum 

intake in the first 24 h postnatal. 

Mentor(s): 

Theresa Casey, College of Agriculture 

Aridany Suarez, College of Agriculture 

Kelsey Teeple, College of Agriculture 

Kara Stewart, College of Agriculture
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Title: 

VIP SoCET Fall 2020 

Authors: 

Tuhin Sarkar, College of Engineering 

Andre Hatushikano, College of Engineering 

Sen Wang, College of Engineering 

Ananya Nayak, College of Engineering 

Jimmy Sung, College of Engineering 

Aidan Fisher, College of Engineering 

Matthew Waldren, College of Engineering 

Babar Zeeshan, College of Engineering 

Yuchan Lee, College of Engineering 

Seojune Jung, College of Engineering 

Kyung Min Ko, College of Engineering 

Jungun Kim, College of Engineering 

Sanghoon Han, College of Engineering 

Chungryeol Chun, College of Engineering 

Abstract: 

The SoCET team is comprised of 6 sub-teams collectively working towards the continuous development of a 

chip that gets sent out for fabrication every 1 – 2 years. The digital design students are working on adding I2C 

and SPI peripherals and adding arithmetic units to a 2 staged microprocessor. The verification teams are 

building the Universal Verification Methodology (UVM) and Formal verification (FV) environments to test the 

digital modules that have yet to be fabricated in a previous chip iteration. Moreover, the Analog & PCB team is 

creating improved OpAmps, finalizing the PCB which our previous chip will be mounted on, and taking the first 

steps towards implementing power management and a wireless radio to be include in our next tapeout with 

MIT Lincoln Labs. The Compiler & Software team are creating LVM passes which utilize the SparCE machine 

learning architecture incorporated within the team’s previous chip; additionally, they are writing the firmware 

and driving libraries that make it possible to manipulate the new peripherals with C code. The design flow team 

is getting acquainted with the open source Electron Design Automation (EDA) suite, openLane, which will be 

used to tapeout the next SoCET chip (the current tapeout deadline is set for November 30th). Finally, the 

FPGA team is prototyping our latest peripherals to valid that the netlists and timing constraints given to the 

Place-and-Route tools yield a design which meets target specs (ex: can a logic decoder correctly read the I2C 

transactions). 



Mentor(s): 

John Martinuk, College of Engineering 

Mark Johnson, College of Engineering 

Sutton Hathorn, College of Engineering 

Cole Nelson, College of Engineering 
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Research Talk 

Title: 

Mechanical Metamaterials with Programmable Compression-Twist Coupling 

Authors: 

Omar Abdalla, College of Engineering 

Abstract: 

The rational design of mechanical metamaterials has the potential to grant them with properties unattainable 

by bulk materials. This paper describes twisting mechanical metamaterials (TMMs), a new class of 

programmable matter whose rationally-designed architecture endows them with compression- twist coupling, a 

property absent in conventional materials. Upon compression, the cellular architecture of TMMs efficiently 

transforms longitudinal strain into unidirectional or bidirectional twisting—free from mechanical frustrations and 

independent of the flexible material chosen to fabricate the TMM. TMMs can be rapidly designed using an 

automated generative algorithm, which enables the tailoring of their twisting properties (up to 3.24° twist per % 

strain) and Poisson’s ratio (–0.6 to +1.22) using only two design parameters. The scalable architecture of 

TMMs does not suffer from any size effects which impair their twist per unit strain. Bidirectional TMMs 

autonomously switch their direction of rotation during uniform displacement-controlled compressive loading, 

conferring them with non-reciprocity. The capability of TMMs to controllably convert translation to rotation blurs 

the boundary between materials and machines, expanding the range of mechanical properties currently 

accessible to 3D printed materials and paving the way toward the creation of future programmable matter. 

Mentor(s): 

Debkalpa Goswami, College of Engineering 

Ramses Martinez, College of Engineering 
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Research Talk 

Title: 

Artificial Intelligence Driven Navigation for Autonomous Racing 

Authors: 

Abhimanyu Agarwal, College of Engineering 

Ben Schwartz, College of Engineering 

Aref Malek, College of Science 

Alec Pannunzio, College of Engineering 

Tommy Wygal, College of Engineering 

Mikail Khan, College of Science 

Abstract: 

The objective of the project is to utilize deep learning techniques to build a camera-based autonomous vehicle 

capable of racing at high speeds. In contrast to other approaches, machine learning modeling can optimize its 

algorithm towards specific goals, such as reaching the maximum speed possible. To support the development 

of this vehicle, a realistic environment is created in Unity to simulate the racing conditions of the real world. The 

framework allows the design of various road topologies and scenarios. In the simulated environment, rare or 

dangerous scenarios are generated and analyzed without the risk of damage. Under a supervised learning 

approach, the car is first driven by hand or the ‘PD controller’ to generate the training data. Images taken from 

the car’s perspective are then used to train the model for autonomous mode. Based on the track conditions, 

the simulated environment facilitates the model’s parameters tuning. Currently, the model is a replica of the 

Indy Autonomous Challenge prototype with parameter values set based on their requirements. Based on the 

execution, it is found that the autonomous car cruises steadily at the speed of 30 mph. Furthermore, the car 

demonstrates the ability to run on a PD controller smoothly, detecting obstacles and dodging them while 

maintain speed consistency. Currently, the project is in the model improvisation and data generating phase. 

Future developments would focus on improvising the deep learning model and utilizing the autonomous car to 

generate better training data incorporating properties such as cruising at higher speeds, dodging obstacles and 

maintain path trajectory. 

Mentor(s): 

Ali Gamal, College of Engineering 
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Research Talk 

Title: 

Hardware Components of FEMTA FYE Simulation Box 

Authors: 

Kunle Akinleye, College of Engineering 

Jack Christiansen, College of Engineering 

Gage Gardinier, College of Engineering 

Jasper Jones, College of Engineering 

Max Lantz, College of Engineering 

Mark Melvin, College of Engineering 

Tyler Nord, College of Engineering 

Neha Pal, College of Engineering 

Sara Swanlund, College of Engineering 

Benjamin Zielinski, College of Engineering 

Abstract: 

The Film-Evaporation MEMS Tunable Array (FEMTA) Thruster is a microthruster designed to work within the 

physical constraints of microsatellites. The FEMTA team is working on testing this system in space by flying an 

experiment on a suborbital trajectory aboard a Blue Origin New Shepard rocket. The goal is to collect data on 

the thruster’s and associated propellant management system’s operation in a vacuum and microgravity 

environment. Before being flown, the experiment must undergo ground tests to verify its functionality under the 

stresses of spaceflight, necessitating the development of a test system called the Simulator Box. This Sim-Box 

will be used to emulate sensor data for the flight computer as well as replicate the experiment payload 

container conditions with the vacuum, thermal, and vibration tests. Significant research was conducted and a 

trade study was compiled on the optimum materials for the Sim-Box, leading to our selection of aluminum for 

structure and acrylic for experiment visibility. The box has been designed with detachable sides, allowing for 

the user to determine and switch out which sides are clear acrylic and which are solid aluminum. The next 

steps to take in the preparation of the sim box are to get the final design approved and move on to fabrication 

and integration with the rest of the FEMTA Suborbital Flight Experiment. 

Mentor(s): 

Alina Alexeenko, College of Engineering 

Steven Pugia, College of Engineering 

Kate Fowee, College of Engineering 
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Title: 

Air Force Research Laboratory UAS Team 

Authors: 

Arpit Amin, College of Engineering

Ranjan Behl, College of Engineering 

Derek Carpenter, College of Engineering 

Andrew Chen, College of Engineering 

Carson Doering, College of Engineering 

Somesh Dube, College of Engineering 

Martino Gogna, College of Engineering 

Graciela Hernandez, College of Engineering 

Sam Hynds, College of Engineering 

Hanna Keyerleber, College of Engineering

Bojan Ruttens, College of Engineering

Abstract: 

Redacted 

Mentor(s): 

James Goppert, College of Engineering  Shreyansh Shethia, College of Engineering 



Project’s College: College of Engineering Category: Physical Sciences 

Research Talk 

Title: 

The impact of extended stagnation on building water quality 

Authors: 

Danielle Angert, College of Engineering 

Abstract: 

Water quality can change drastically within a building during periods of little to no water use. Building water 

stagnation is a public health concern: residual disinfectant agents such as chlorine can decay, leading to 

microbial growth, and metals can leach into the water over time. This study aimed to better understand the 

change in water quality within a 10,000 ft2 residential building over 5 months of building shut-down driven by 

the COVID-19 pandemic. Sampling events occurred once every month between April and August 2020, 

ranging from approximately 1 month to 5 months after shut-down began. In August, complete flushing, as 

calculated using estimated pipe lengths and volumes, was performed the afternoon following routine sampling. 

Samples were collected immediately after flushing, then one and four weeks after the flushing event to 

determine its efficacy. A total of 90 full samples were collected. Chlorine residual was legally undetectable 

(<0.2 mg/L) for all samples collected during the five months before flushing. Flushing refreshed chlorine 

concentrations, and a minimum of 0.3 mg/L total chlorine was brought to all cold water outlets. Flushing 

reduced the average lead concentration in cold water from 2.4 ppb to 1.0 ppb, however, the concentration 

rebounded to an average of 2.6 ppb just one week after. L. pneumophila was present at 3 sampling locations, 

in concentrations ranging from 2.0 to 176.7 MPN/mL. These results suggest that flushing can refresh water 

quality in the short term, but more research is needed to better understand its efficacy over a longer period. 

Mentor(s): 

Caitlin Proctor, College of Engineering 

Christian Ley, College of Engineering 

Kyungyeon Ra, College of Engineering 

Andrew Whelton, College of Engineering
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Research Talk 

Title: 

Hardware Control with Serial Parsing Microcontroller for Autonomous Racing 

Authors: 

Mitchell Arndt, College of Engineering 

Harikesh Kumar, College of Engineering 

Abstract: 

The purpose of this project is to implement a serial parsing microcontroller system to operate the steering, 

throttle, and braking functionality of the Autonomous Motorsport Purdue (AMP) go-kart. Autonomous racing 

has grown in popularity as more teams work to solve the unique problem of autonomous decision making at 

very high speeds. Our sub-team is working with the low-level electrical hardware on our modified go-kart, 

mainly focusing on parsing data from the onboard computer and distributing signals to other electronics such 

as the motor controller, linear actuator, and servos. To do this, the microcontroller receives custom serial 

packets from the go kart’s computer to enable and then control the steering angle, throttle intensity, and brake 

position. The steering angle is set with a pulse width modulated (PWM) signal from the microcontroller. The 

throttle is controlled via the digital to analog converter (DAC) and the braking is set via digital signals. To 

reduce processing time the serial structure was designed to use byte long data instead of floating-point values 

because the microcontroller does not have dedicated floating-point hardware. Furthermore, we implemented 

various error handling methods for packet transmission such as cyclic redundancy check. This project is 

currently in its initial testing phase. We are testing the integration of our subsystems by controlling the serial 

input using a custom javascript-based simulator. The ultimate goal of this project is to have a fully autonomous 

go-kart that can navigate any track environment at the maximum speed possible. 

Mentor(s): 

Aly El Gamal, College of Engineering 
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Research Talk 

Title: 

Metal removal in tap water with point-of-use water filtration systems 

 

Authors: 

Yifei Bi, College of Engineering 

 

Abstract: 

Point-of-use (POU) water filtration systems, such as activated carbon systems and reverse osmosis membrane 

filtration system, provide many benefits to remove trace level contaminants that remain in tap water, but their 

potentials to remove trace level heavy metals have not been fully explored. Manganese may pose health risks 

on neurobehavioral impairment, idiopathic Parkinson's disease, or kidney stones, but limited studies have been 

done on its removal in POU systems. In this study, removal efficiency of manganese was quantified with 

inductively coupled plasma-optical emission spectrometry (ICP-OES). Overall manganese was effectively 

removed in both activated carbon and reverse osmosis membrane filtration systems. The potential correlation 

between manganese removal and hardness in tap water are being evaluated. Information collected in this 

study will be valuable in developing cost-effective treatment devices to improve water quality and mitigate risks 

of metals in tap water. 

 

Mentor(s): 

Zhi Zhou, College of Engineering  

Hsin-Yin Yu, College of Engineering 



Project’s College: College of Engineering Category: Physical Sciences 

Research Talk 

Title: 

Experience Doesn't Matter But The Direction Does 

Authors: 

Hailey Blythe, College of Engineering 

Abstract: 

There is often a disconnect between students’ intuitive expectations for object motion and normative scientific 

concepts. In many cases this disconnect stems from a lack of direct experiences with an abstract concept; 

however, many students have extensive experiences where they behave correctly but construct incorrect 

explanations. In this study, 70 non-STEM undergraduate students were given a survey of common relative 

motion physics problems (e.g., moving and sitting still while tossing a ball to themselves versus to another 

subject). We found that despite students correctly answering questions related to tossing a ball while in place, 

this experience does not translate to when the subject of the surveys is moving. However, enacting the 

physical scenarios might provide a small benefit for more embodied tasks such as tossing a ball in a moving 

bus. Finally, we found that the frame of reference and the direction of motion, relative to the ground, affected 

the accuracy of student performance regardless of condition or physics experience. Potential explanations for 

the results are discussed and future research is suggested. 

Mentor(s): 

Jason Morphew, College of Engineering 
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Research Talk 

Title: 

Mobile Applications: Food Identification using Image Processing 

Authors: 

Federico Brandt, College of Engineering 

Shivangi Agarwal, College of Engineering 

Bryson Laken, College of Engineering 

Isabella Capuano, College of Engineering 

Abstract: 

In recent years, there has been a growing number of chronic diseases per capita related to diets such as 

obesity and cancer. However, collecting accurate dietary intakes is considered to be an open problem in 

nutrition and health fields. As part of the larger Technology Assisted Dietary Assessment (TADA, for short) 

project (http://www.tadaproject.org/), our project is attempting to address this need by developing a mobile 

application which utilizes image processing to identify different types of food located in an image. We would 

use this mobile application to send images from the user to our secure server using HTTP requests, and upon 

arrival, we would store the images in a directory where we would perform grayscale conversion to facilitate 

pixel-density image processing techniques, such as Otsu's edge detection, and this output signal will be sent 

back to the user for verification since the detected edges will give a very basic idea of what the segment of 

interest in the image is. Currently, our team is focused on creating the infrastructure between the user's mobile 

device and the server which holds the image processing algorithms. The development of the infrastructure 

includes the design of the database, as well as the protocols for capturing, transmitting, and storing the food 

image. The User's mobile OS target would have to be Android, and we are utilizing SQL databases to store all 

relevant information regarding the processed/unprocessed images as text information for security purposes on 

backend testing of the algorithms. 

Mentor(s): 

Edward Delp, College of Engineering  

Carla Zoltowski, College of Engineering 



Project’s College: College of Engineering Category: Innovative Technology/Entrepreneurship/Design 

Research Talk 

Title: 

Image Based Quality Assurance of Fabricated Nitrate Sensor 

Authors: 

Amy Canfield, College of Engineering 

Guo Yu, College of Engineering 

Abstract: 

In order to monitor soil conditions in agriculture, nitrate sensors are manufactured using a roll-to-roll process. 

However, this process produces membranes with non-uniform textures, which affect sensor performance. It is 

time-consuming to monitor the sensor quality during the fabrication process manually, so the purpose of the 

project is to develop a system which can be implemented to guide manufacturing control through analysis of 

the active region of the manufactured sensor. 

The active region analysis is implemented using local binary patterns. LBP algorithm was applied to the active 

region of the sensor to quantify its texturing level. Then, support vector regression was used to predict the end 

– time voltage data, which measures the sensor performance, based on the LBP arrays. The error generated

was around 23%. The manufacturing factors were fused into the LBP arrays, and the error decreased to

around 19%. The deep learning method uses transfer learning to enhance analysis using pre-trained neural

networks, different network architectures are being explored as well as different data preprocessing methods.

The prediction of sensor performance based on sensor images using both methods is overall very successful, 

but further improvements can still be made to reduce the error. It is essential to have a good prediction 

because it optimizes the manufacturing process. 

Mentor(s): 

Jan Allebach, College of Engineering 

Qingyu Yang, College of Engineering 



Project’s College: College of Engineering Category: Physical Sciences 

Research Talk 

Title: 

Characterization of the Relationship between Computer Overclocking Performance and Cooling Capacity 

Authors: 

Payton Case, College of Engineering 

Abstract: 

Computer overclocking is an activity in which a user modifies hardware, firmware, and software to increase the 

speed at which a processor completes computational tasks. The applications of overclocking range from 

decreasing computer startup time to improving simulation performance. Computer overclocking has been 

largely dominated by hobbyists since the early 1990s but has recently become more popular in commercial 

environments with increased reliability and support from manufacturers. Despite there being a community of 

competitive ‘overclockers’, information detailing the impact of enhanced central processing unit (CPU) cooling 

performance is not well documented. The objective of this work is to characterize the overclocking 

performance improvements of CPUs as a function of the cooling capacity. A test bench was constructed and 

fitted with a water cooling loop consisting of a commercial copper cooling block, pump, and liquid-to-air heat 

exchanger. To measure the amount of sensible heat absorbed by the coolant, thermocouples were attached at 

the inlet and outlet of the cooling block, and a flowmeter was installed at the pump inlet. The computer was 

then subjected to various standardized stress tests and benchmarks to represent real-world performance of the 

CPU. Cooling capacity was varied by adjusting the power supplied to the liquid-air heat exchanger fans. 

Performance was characterized at three fan speeds: 100% , 10%, and 0% of maximum power which resulted 

in respective cooling capacities of 175, 150, and 99 W at core clocks of 5.00, 4.60, and 4.00 GHz. The 

selected benchmarks measure the time required to compute a predetermined set of algorithms. The resulting 

mean benchmark completion times were 71.2, 76.3, and 85.7 seconds for cooling capacities of 175, 150, and 

99 W respectively. These results exhibited a near perfectly linear trend between cooling capacity and 

performance with an expected 2.4% reduction in benchmark completion time for every 10 W of increased 

cooling capacity. These results suggest that, over the range of cooling capacities tested, changes in expected 

benchmark performance of a CPU can be reasonably predicted based on enhancements in cooling capacity. 

Mentor(s): 

Justin Weibel, College of Engineering  

Matthew Clark, College of Engineering 
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Research Talk 

Title: 

Engineering Synaptic Transmission - Novel Tool to Understand Neurodegenerative Diseases 

Authors: 

Matthew Chan, College of Engineering 

Abstract: 

Synapses are the gaps between neurons where chemical signaling molecules called neurotransmitters are 

released, which is the major component in neuronal functions. To transmit the signal, neurotransmitters travel 

from a presynaptic neuron to a postsynaptic neuron and trigger the signal reception cassette to convert the 

chemical signal to an electrical signal. Neurodegenerative diseases such as Alzheimer’s Disease and 

Parkinson’s Disease are caused by neuron degeneration and loss of synaptic functions. Developing a 

construct to replicate this signaling process in non-excitable cells is the first step towards creating an artificial 

neuron and would help to deconvolute the effects of synaptic function from the rest of the neuron. In the field of 

synthetic biology, reconstructing cell to cell communication has been studied but has not been applied to 

neurons. HEK293T (human embryonic kidney derived) cells were transfected with glutamate synthesizer and 

receptor proteins to model the transmission of glutamate, a neurotransmitter, within the synapse. A glutamate 

model was chosen because of its relation to neurotoxicity and hyperexcitability associated diseases. In order to 

test this model, two control tests were constructed: one without a glutamate receptor and another with 

glutamate fused with a receptor. To validate whether glutamate is bound to the receptor, membrane potential 

was measured for each experiment. We expect to observe an increase in membrane potential values showing 

that the glutamate binds to the receptor, thus confirming the hypothesis that the glutamate synthesizer and 

receptor construct can replicate the synaptic transmission between neurons. 
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Abstract: 

In this presentation, we will present a vision based method for estimating heart rate and respiratory rate for 

multiple people in real-time. The networks will be trained on the MAHNOB-HCI[1] dataset which is a collection 

of 527 videos from 27 subjects. We first return a separate live video for each person in the window. For each 

video, we use subsections of video returned by the Mask R-CNN[2] to detect heart rate and respiration rate 

using methods highlighted 3DD CNN-based PhysNet[3] and FlowNet 2.0[4], respectively. Using the optical flow 

analysis given by our agent, we will then calculate the respiration rate estimations of a subject using frequency 

analysis. The heart rate of the subject is found after receiving the predicted rPPG[5] from PhysNet trained from 

the MAHNOB-HCI database. This method has seen advantages in low or changing light conditions, lower 

computation needs, and more accurate estimates than traditional methods, Lucas-Kenade[6]. The methods 

introduced in this presentation are keyed towards use in a medical setting, specifically patient rooms in clinics 

or hospitals. Further applications may be explored in security and mainstream video platforms. We hope our 

simple and effective approach will serve as a solid baseline and help ease future research in image 

recognition. The source code for the presentation will be made available. 

[1] MAHNOB-HCI. 2020. London Imperial College. [online] Available at: &lt;https://mahnob-db.eu/hci-

tagging/&gt; [Accessed 1 November 2020].

[2] He, K., Gkioxari, G., Dollar, P., & Girshick, R. (2017). Mask R-CNN. 2017 IEEE International Conference on

Computer Vision (ICCV). doi:10.1109/iccv.2017.322

[3] 3DD CNN-based PhysNet - Adopts 3*3*3 convolutions to extract rPPG features

[4] FlowNet 2.0: Evolution of Optical Flow Estimation with Deep Networks. Eddy Ilg, Nikolaus Mayer, Tonmoy

Saikia, Margret Keuper, Alexey Dosovitskiy, Thomas Brox. Cornell University. [online] Available at:

&lt;https://arxiv.org/abs/1612.01925/&gt; [Accessed 1 November 2020].

[5] REMOTE photoplethysmography (rPPG) enables monitoring of human cardiac activities by detecting the

pulse-induced color variations on the skin surface using an RGB camera.

[6] An Iterative Image Registration Technique with an Application to Stereo Vision. Bruce D. Lucas

Takeo Kanade. Carnegie-Mellon University. [online] Available at: 

&lt;http://cseweb.ucsd.edu/classes/sp02/cse252/lucaskanade81.pdf&gt; [Accessed 1 November 2020]. 
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Abstract: 

The high-luminosity LHC (HL-LHC) at CERN will collide hadrons at unprecedented instantaneous luminosities 

to search for new physics posing high demands for the materials of support structures. The Inner Tracker 

Service Cylinder and attached stiffeners provide structural support to the innermost silicon detectors mounted 

on carbon fiber composite structures. The detectors along with cooling channels and electronic services weigh 

30 kg. The Service Cylinder was designed to deflect less than 500 microns under these loading conditions. 

This study investigates the shape change and deflection of the prototype Service Cylinder assembly when 

loaded comparably. The assembled Service Cylinder was placed into a rigid load frame and constrained to 

achieve target static loading conditions. Digital Image Correlation (DIC) analysis and laser scans were utilized 

to quantify the deflection response of the loaded cylinder in comparison to the unloaded cylinder. The 

deflection under loading of the manufactured prototype was also simulated using Abaqus CAE in order to 

compare the deflection resistance provided by an array of longitudinal stringer geometries. 
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Abstract: 

The Foragers to Farmers game models the push and pull dynamics between humans and their environment, 

based on theories for the origins of agriculture, through game mechanics in a tabletop board game. The design 

goal was to create a game where the manner in which the players respond to the game mechanics could serve 

as a simulation of the decisions that hunter-gatherer groups may have made in the transition to agriculture. 

This presentation presents results of observations and feedback from playtests of the Foragers to Farmers 

board game. The game is played between four players and involves a board consisting of various terrain tiles 

that each provide players with different resources. Over the course of the game, the board layout changes due 

to both player actions and random natural effects. Players win by being the first to reach a certain level of 

population growth. Population growth is proportional to energy gain in the game, so there is an incentive to 

harvest resources that provide the most energy while requiring the least amount of energy to be collected. A 

physical copy of the game was produced, and a series of playtests were conducted to determine the extent to 

which the game mirrors the scholarly literature that informed its design. Player enjoyment of the game was also 

recorded, as a primary challenge of the design process was to balance playability with model accuracy. 

Funding for this project was provided by the Purdue University Honors College. 
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Abstract: 

Autonomous transportation is expected to be one of the most disruptive emerging technologies in the next 

decade. The AMP software team sought to develop its own implementation of this technology in the context of 

competitive racing in order to challenge the conceptualization, implementation, and optimization of an 

autonomous transportation design. The team faced several challenges including: designing the software stack, 

determining the set of sensors needed for success, and implementing solutions to common robotics problems. 

The initial iteration of the software system was designed to compete in the evGrandPrix Autonomous Race. 

Based on track topology, it was determined that the software stack should rely solely on a LiDAR for simplicity. 

To simplify the implementation, the software stack is centered around Robot Operating System (ROS) and the 

ROS Navigation package. This package determines the current velocity and steering commands given a set of 

“goals”, odometry, sensor sources, coordinate transforms, and parameters for the package’s local/global 

planners and costmaps. However, because a map of the track is initially unknown, our system also needed to 

solve the online path planning and SLAM problems for the first lap of the race. A serial communication module 

was implemented to send the velocity and steering angle to the microcontroller. Once this software stack was 

developed, a simulated environment was generated to test the online path planning algorithm on team-

designed tracks. Following the successful completion of a lap on various simulated test tracks, preparations 

are underway to conduct initial physical testing. 
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Abstract: 

The detection of per- and polyfluoroalkyl substances (PFAS) in drinking water systems has led to concern 

about the adverse impacts that continued exposure may have on human health. As more research is being 

done to determine if and how these emerging contaminants should be regulated or removed from drinking 

water, there is a need to study effective treatment approaches for their removal. Point-of-use (POU) water 

treatment systems are often used to remove contaminants in drinking water, but limited studies have been 

done to evaluate if they are effective to remove PFAS at trace levels. The objective of this study is to evaluate 

the removal efficiency of three PFAS compounds—perfluorooctanesulfonic acid (PFOS), 

perfluorobutanesulfonic acid (PFBS), and perfluorohexanesulfonic acid (PFHxS)—in both activated carbon 

systems and membrane filtration POU systems. Drinking water was spiked with PFAS at varying 

concentrations and used as influent for both the membrane and activated carbon POU system. The removal 

efficiency was determined using solid phase extraction to concentrate and purify the samples followed by 

tandem liquid chromatography mass spectrometry (LC/MS). The concentration of PFAS in the influent treated 

and spiked drinking water is compared to the remaining concentrations in the membrane and AC treated water. 

The results showed that POU systems were generally effective to remove PFAS. The effects of various impact 

factors on removal efficiency, such as differences in their chemical structures and water quality, are being 

evaluated. The results from this study can provide useful information to develop effective POU systems to 

remove PFAS. 
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Abstract: 

VISORS is a space mission that will deploy two satellites to obtain high resolution images of the Sun’s surface. 

It is a collaborative effort between ten Universities. Purdue VISORS focuses on the thermal design and 

analysis of the two satellites.  

The thermal analysis includes running a geometrically simplified model in MATLAB and building a similarly 

simplified model in Thermal Desktop, which is a plugin for AutoCAD. Comparing these two results helps us 

verify that the results for both the analyses are accurate. After this, we build a more complex and more 

accurate version of the two satellites in Thermal Desktop and simulate various test cases with variations in the 

beta-angle, heat generation and absorptivity-emissivity ratio. Analyzing the results helps us build the most 

efficient thermal design for the satellites. 

The comparison between the MATLAB model and the simplified 7-node model in thermal desktop results in an 

average minimum and maximum temperature difference of 5 degrees Celsius. The more complex satellite 

model has a much higher temperature variation because of the inclusion of solar panels. The variations in 

properties shows a positive correlation between heat generation, and absorptivity-emissivity ratio and 

temperature. 

We conclude that using a material with low absorptivity-emissivity ratio is more efficient in keeping the satellite 

in the acceptable temperature range. We also concluded that higher heat generation inside the satellite has a 

very significant impact on the overall temperature of the satellite. 
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Abstract: 

Temporary pavement marking (TPM) tapes are an important safety tool for drivers’ and road workers’ safety in 

construction areas. TPM performance is typically characterized by retroreflectivity, or apparent visibility to the 

driver. However, TPM tapes are known for premature failure and removal, creating dangerous situations on 

Indiana roads. The Indiana Department of Transportation (INDOT) seeks a methodology for assessing the 

performance and adhesion of these tapes to select an appropriate product for each work zone. Adhesion is a 

complex phenomenon and is dependent on many factors both relating to the tape structure and surface 

interaction. Since the elastic modulus directly affects the critical force of detachment, measuring modulus is an 

effective way to compare adhesion. Existing methods of measuring modulus were used, such as tensile and 3-

point bend, as well as a new method of measuring tape modulus based off the Peirce cantilever test. The 

Peirce cantilever method involves draping a sample off the edge of a horizontal surface and allows the sample 

to bend to an angle below the horizontal. Using the overhanging length and the angle, along with geometric 

factors like width and areal weight, the Peirce cantilever modulus can be calculated. Comparing the three 

methods of measuring tape modulus, the Peirce cantilever test provided the most effective modulus value 

because it sampled a larger area of tape without significantly changing the geometry. Building on this result, 

other ways to characterize and rank TPM tape performance in this study include adhesive peel testing, aging 

studies, and tear propagation. 
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Abstract: 

With the overall goal of lowering greenhouse gas emissions, Dynamic Electric Vehicle Charging (DEVC) is 

focused on wirelessly charging electric vehicles (EV’s) while in motion through electromagnetic induction. This 

system would greatly alleviate range anxiety for EV drivers as they would no longer have to rely on another 

form of transportation for longer duration rides or have to worry about their battery running out of charge. The 

method used to determine the feasibility of such systems was to simulate the effect of DEVC on the power 

grid. From both the power and transportation standpoints, this was conducted by separately finding, installing, 

and utilizing simulation tools that could facilitate the energy and time demand and transportation aspects 

surrounding DEVC. Hierarchical Engine for Large-scale Infrastructure Co-Simulations (HELICS) was chosen to 

be the communicator of data results between the transportation and power simulations in order to create one 

co-simulation. The transportation team developed an easy-to-follow process to utilize the transportation 

simulator known as POLARIS. The power system team established an effective process to simulate taxonomy 

feeders--smart grid circuits for a section of a neighborhood--applying generalized linear model files to output 

power over a wide range of time. Another main implication from the power perspective of DEVC was clear 

steps for employing the power distribution system simulation known as GridLab-D alongside HELICS. 
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Abstract: 

The Disinfecting Robot is an autonomous device that emits UV-C light to disinfect a contaminated area. This 

robot aims to provide a safe and efficient work environment for medical personnel. Nonetheless, there is an 

impending need for a method to detect the presence of the SARS-CoV-2 virus. Thus, our team decided to 

design a virus detection module that can identify contaminated hotspots on surfaces that need to be targeted 

by the existing Disinfecting Robot. This would be possible through the diffusion of liquid infused with an 

antibody-functionalized nanoparticle suspension that would only react to the SARS-CoV-2 virus particles on a 

contaminated surface. Once the nanoparticle-antibody solution attaches to the virus, a chamber within the 

designed module would perform Surface-Enhanced Raman Spectroscopy (SERS) to detect the presence of 

the virus. It is fundamental to note that SERS nanoprobe consists of nano-sized metallic structures that 

strongly increase the Raman signal and thus allows to identify the bound elements. The altered amount of 

signals produced by the nanostructure will assure the presence of the SARS-CoV-2 virus. As previously 

mentioned, the virus detection module aims to assist the Disinfecting Robots in processing information to 

anticipate the overall time required to effectively clean a given area. This may allow the robot to spend more 

time in heavily contaminated areas (i.e, a bed or couch), and less time in lightly contaminated areas (i.e, 

doorways, closets, etc.). 
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Abstract: 

The goal of our project is to automate trivial classroom tasks with artificial intelligence. We have three thrust in 

our project which includes Automatically infer presence, interaction, engagement from images/video of 

classroom, Improve performance of the whole model keeping accuracy same or more and virtual teaching 

assistant. This semester we focused on the virtual teaching assistant, implementing the transformer NLP 

model, BERT on unstructured text. We did several experiments to make specialized virtual a TA which 

answers questions if the user feeds a paragraph(context) and a question. Our goal was to compare and 

present result on specialized vs general TA model and it's accuracy. So we made the dataset for training and 

testing and then finetuned our different sized BERT model and tested against different Q-A benchmark.  We 

integrated websockets with ChatScript to allow for two-way interactions between the students and the VTA with 

reduced network traffic and support  server concurrency. 
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Abstract: 

Within STEM academic programs, low-income and minority students are widely underrepresented in 

comparison to their peers from other demographics. The discrepancy in participation and engagement is 

evident both inside and beyond the classroom, where these students enter the STEM workforce at similarly 

reduced rates. To combat this deficit, many educational programs have been developed within schools to help 

foster STEM growth. However, previous research has demonstrated that low-income and minority students 

have an equivalently low participation rate in academic STEM programming. The Ware Research Group has 

previously studied low-income communities and learning environments. The team has previously observed 

STEM education from within the classroom. Study results suggested the academic and learning environment 

of a structured classroom setting were not effective in achieving high levels of engagement from low-income 

and minority students. This study is investigating how FIRST LEGO League (FLL), an established STEM 

program, affects student engagement within a community environment. The research team has established 

two FLL teams in community centers serving low-income neighborhoods in Lafayette, IN. The research team is 

implementing the FLL curriculum, which focuses on STEM education through action-based projects and the 

development of STEM skills. Participating students range in age from 9-14 and are representative of the low-

income and primarily minority community demographic. The study is collecting qualitative data on student 

growth in relation to STEM engagement and educational outcomes. Such community-based STEM programs 

may improve student representation in STEM programs and fields. This study could provide a resource for 

developing similar community-based stem programming. 
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Abstract: 

The purpose of this study is to assess sensor performance via a machine learning process that utilizes data 

fed from sensor performance signals and sensor image results across different sensors. The sensors are 

randomly chosen into one of the training or testing categories, with the overarching aim to optimize the 

parameters of a logarithmic equation as a model for the sensor data while minimizing the root-mean-square 

error. In the process, various methods were used across various stages. As part of pre-processing, template 

matching and connected component methods were separately employed to crop each image’s region of 

interest, while local binary pattern and grey-level co-occurrence matrix methods were separately implemented 

for image feature extraction. A support vector regression classifier was then utilized to predict the parameters 

for the curve-fitting logarithmic equation. In parallel, the Levenberg Marquardt method was used for curve-

fitting of the sensor data. Overall, the machine learning process was iterated through multiple passes to 

optimize the equation parameters. 
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Abstract: 

As self-driving cars become increasingly popular, being able to correctly identify the car’s surrounding objects, 

especially road lanes, is critical for prevention of accidents. This project, utilizing research on different image 

segmentation methods, aims to accurately detect different types of road lanes in different lighting and weather 

conditions. In our current method, a blurred grayscale image is the input of the Sobel edge detector. After 

applying a triangular region of interest to the edge detected image, Otsu’s method finds the optimal threshold 

to remove unwanted edges from the region of interest. Finally Hough transform is applied to detect straight 

lanes in perfect lighting and weather conditions. Our dataset comes from the Jiqing Expressway dataset, 

consisting of 40 labeled video clips, which were converted to PNG files as sample images. Currently, additional 

methods for detecting curved and colored lanes are being explored. By the end of this semester, we hope to 

correctly detect lanes with the presence of lane markings, and correctly identify lane color, curvature, and type. 

The detected lanes are evaluated both visually and by using mean square error. Accurate detection of lanes 

can be useful information for drivers, and it can also prevent accidents and collisions involving self-driving cars, 

leading to an increased use of self-driving cars which could help reduce the number of accidents that occur 

due to driver error. 
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Abstract: 

Transgenes, genes that have been transferred from one organism to another, have potential applications in 

biological research and gene therapy. Transgenes can be used to monitor cellular processes as well as knock 

out genes of interest. These applications rely on stable transgene expression in the target cell. However, 

previous research indicates that epigenetic modifications to histone proteins can silence transgene expression. 

We sought to understand whether histone assisted delivery of transgenes can increase both short and long-

term expression of transgenes. We did so by combining purified histone octamers with DNA to form 

reconstituted DNA-histone complexes that could be transfected into target cells. Green fluorescent protein 

(GFP) was cloned into the plasmid downstream of the promotor to monitor in vitro expression. We used GFP to 

calculate relative transfection efficiency and expression levels by fluorescent microscopy. We monitored short-

term transfection efficiency after four days and will monitor long-term transfection efficiency up to two weeks. 

This study compared transfection efficiency and transgene expression in histone assisted transfections with 

DNA-only transfections. The results of this study asses the viability of the use of histones to affect both short 

and long-term transgene expression. 
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Abstract: 

Common electronic devices, such as personal computers and smartphones, contain electronic packages that 

require thermal solutions capable of dissipating power such that temperatures do not exceed proper 

functionality thresholds. The vapor chamber is one solution that passively spreads localized heat inputs to a 

heat sink. Recently, many studies have focused on designing internal structures of a vapor chamber to 

address the removal of high heat fluxes of differing heat input areas. However, there have been few 

investigations that analyze the mechanical integrity of vapor chambers, which is the objective of this study. 

Under certain loading and boundary conditions, Finite Element Analyses were performed to better understand 

the relationship between the structural supports within the vapor chamber and the resulting stress and 

deflection characteristics of vapor chambers. In addition, mesh independence tests were performed to ensure 

the obtained results were reliable. The analyses revealed that structural supports generally decrease local 

stress and deflection. However, it is important to highlight that local stress maxima occurred along edges at 

which the condenser and the structural supports converged. Thus, when designing a vapor chamber such that 

its mechanical integrity is not compromised, one must consider the dimensions and spacing of the structural 

supports such that none of the aforementioned stress or deflection maxima exceed critical vapor chamber 

material characteristics. 
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Abstract: 

The increasing popularity of small satellites necessitates the development of small-scale propulsion and 

attitude control systems. The Film-Evaporation MEMS Tunable Array (FEMTA) is a micro-propulsion device 

that generates thrust by inducing film-boiling of ultra-pure deionized water in a micron-scale capillary. This 

design offers lower volume, mass, and power constraints than many other chemical and electrical micro-

propulsion thrusters. 

Requisite to FEMTA operation is steady propellant back-pressure. The Propellant Management System 

generates this back-pressure through the use of a hydrofluroether(HFE) fluid to inflate a diaphragm and 

pressurize the water. The Propellant Management Experiment will test and collect data for this system on-

board a Blue Origin New Shepard zero-gravity flight in 2022.  

The propellant management system consists of 3 main subsystems: The propellant-HFE tanks assembly, the 

sensor manifold and the collection chamber. The tank assembly holds the propellant and HFE. The sensor 

manifold houses all the sensors that record the experiment data. The collection chamber collects water at the 

end of the cycle. In order to prevent the formation of ice near the collection chamber inlet, copper tube heaters 

were connected to the inlet fittings. After several iterations of insulation design between the copper tube and 

the delrin chamber, acetyl plastic fittings were chosen. Four silicone diaphragms were manufactured and 

pressure-tested this semester. Finite Element Analysis(FEA) will be performed to determine the optimal 

dimension and power output of the copper heaters. An LED board was generated and the main circuit board to 

control flight events and sensor integration was updated. 
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Abstract: 

Film Evaporation MEMS (Micro-Electromechanical System) Tunable Array, or FEMTA, is a novel form of 

micropropulsion for small satellites such as CubeSats -- a standardized form factor of satellite measuring 10cm 

along each edge. FEMTA uses the surface tension of liquid water as a valve to control vacuum boiling and 

produce thrust, providing a low-power, small-footprint system. 

The FEMTA Thruster Experiment is being devised to test and measure the thrust output of FEMTA in a zero-

gravity environment on Blue Origin's New Shepard rocket in 2022. 

Since the water vapor discharged by FEMTA is minimal, a special means of thrust measurement was 

developed. The design of choice consists of firing water vapor into a cathode charged to about 400V causing 

voltage breakdown and plasma generation that can be measured with plasma spectroscopy. The 400V charge 

is achieved by sending a control signal to a PCB that generates the high voltage from the variable 18-36V 

received by the New Shepard. 

A mathematical model was created using SPARTA, a DSMC simulator capable of handling low Reynolds 

number flows. This was created to determine the pressure around the cathode as a function of the thrust 

generated, which is used to calculate expected plasma generation. FEMTA to cathode distance and cathode 

diameter were varied in the simulation to minimize the required voltage. This is necessary to minimize the EMI 

that would interfere with on-board electronics. 

The Plasma team focused on creating a test setup to experimentally validate the current design as well as the 

simulation results. 
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Abstract: 

The Film-Evaporation Tunable Array (FEMTA) is an experimental micro-propulsion system designed for 

attitude control on small satellites. The FEMTA Suborbital Flight Experiment consists of the FEMTA thruster 

and a propellant management system, which provides propellant to the thruster. In late 2021, these two 

systems will be flown and tested aboard the Blue Origin New Shepard vehicle. First-Year Engineering students 

are developing a simulation box (Sim-Box) to test the response of the computer that controls the experiment. 

The box will be placed in a vacuum chamber to simulate the conditions in micro-gravity. The Sim-Box is also 

designed to simulate sensor output related to internal processes, such as the flow of propellant, the 

temperature of the environment, and the actuation of valves. This simulated environment is used to test the 

flight computer and see how it will react in different controlled scenarios before launching the actual software 

and hardware to the orbital environment. The Sim-Box electronics system includes a Raspberry Pi as the 

primary computer, with an Arduino for simulating the I2C sensors and Digital-to-Analog Converters to simulate 

the analog sensors. The software being developed for the Sim-Box will take simulation data from a MATLAB 

model to produce sensor outputs as well as control signaling events and failures with a scriptable interface. By 

the end the semester, the two sub-teams plan to have a prototype system with a Raspberry Pi and Arduino 

Nano in conjunction with the necessary electronic components to simulate each sensor used in the FEMTA 

experiment. 
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Abstract: 

The Films Evaporative MEMS (Micro-Electromechanical Systems) Tunable Array, or FEMTA, thruster is a 

small-scale nano-satellite propulsion system. Because of the low volume and power consumption, it is ideal for 

attitude control of a CubeSat (a 10 cubic cm miniature satellite). In order for the FEMTA to operate, it must 

have a reliable supply of water propellant provided by a propellant tank. Since the system must operate in 

zero-G without flaw, it is desirable to test the system to prove its robustness. This "test system" is known as the 

Propellant Management Experiment and is composed of the propellant tank, a piping network for the 

propellant, and a collection chamber at the network terminus to contain the propellant flow. The system is 

entirely controlled by a single "flight computer" which will actively manage valves and record data during a test 

flight. The Analysis team has been working on a virtual environment which can be used in place of the physical 

system and interfaced directly with the computer to check its robustness. In order to accurately simulate the 

system, the program must determine flow values such as pressure, temperature, and flow rate at key points 

throughout the system over the entire duration of the test flight. So far, the team has been able to accurately 

determine flow properties within the propellant tank and is working to model the piping system and collection 

chamber dynamics. 
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Abstract: 

This project focuses on developing a sensor system to prevent falls in elderly patients. In particular, this project 

aims to detect whether a person is staying or exiting the bed, which is useful since, in most hospitals, 

numerous factors could result in a patient's injury, such as injections, premedications, tube connections, and 

falls. Our model tackles a binary classification problem, where our network's output will be a probability of the 

person staying in bed or exiting it. To increase our network's accuracy, the patients' skeletal positions are 

generated by a Mask R-CNN algorithm. The patient's sitting position is detected by combining the detection 

result of the patient's skeletal position and the detection result of the bed position. We used only three of the 

seventeen body points (neck, left hip, and right hip) detected by the Mask R-CNN algorithm and four points 

that indicate the four corners of the bed for each training sample to determine whether the patients were 

currently getting up or staying in bed. Instead of only using the original fully connected neural network, our 

team plans to use a different neural network to predict patient movement: a Convolutional Neural Network 

(CNN). To improve the previous network's results, our model will identify a patient's sitting position using a 

training data set of a person's skeletal positions as its input. This contrasts with the first approach that only 

used selected points of the patient's body. Using a CNN, we hope to achieve a 75-80% testing accuracy on a 

patient's movement. This choice of our network type would allow us to encode specific properties into the 

architecture and vastly reduce the network's number of parameters. We hope to achieve a higher testing 

accuracy and a more efficient model by applying overfitting techniques and tuning our network's hyper-

parameters. By improving our model, we hope to decrease the likelihood of elderly patients' injuries that could 

have been prevented. 
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Abstract: 

The focus of this project is to build an automated, physical testbed combining FPGA emulation, UVM, and FV 

to rigorously verify the functionality of a digital design before it is sent out for fabrication. Field-Programmable 

Gate Arrays (FPGAs) are devices used to emulate a digital design in the real, physical world; however, 

verification teams typically simulate, in software, more testcases than they emulate with an FPGA. These 

software simulations can take a very long time when using a pseudo-random testcase generator like Mentor 

Graphics’ Universal Verification Methodology (UVM) which is a great tool for finding the corner cases when the 

time to simulate all possible inputs becomes impractical. It takes software longer to simulate a testcase than for 

hardware to emulate the testcase; software must run multiple instructions to calculate each gate’s output while 

the hardware emulation simply lets the current flow through its physical gates. If the UVM sequences drive the 

inputs of a physical FPGA, then it would require less run time, which means more testcases can be evaluated 

before a tapeout deadline. To further improve the verification rigor, the predictor & scoreboard UVM 

components can be supplemented with assertions made using Formal Verification (FV), a tool which uses 

mathematical induction to prove defined, undesired outputs will never occur under normal operation (ex: no bit-

flipping from solar radiation). With these tools combined, a greater number of testcases can be evaluated on 

the physical implementation of a digital design to be submitted for an expensive fabrication run and the outputs 

of these testcases will be scrutinized to a high degree with the use of two separate models of expected 

behavior. 
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Abstract: 

To advance the Resilient ExtraTerrestrial Habitat Institute's goals of designing a habitat on a planetary surface, 

the exterior environment was modeled to test the system's reactions to disturbances. This study followed a 

literature review characterizing the lunar impact environment performed in early 2020, and focused on turning 

that information into a model in the MATLAB programming language for use with other systems being 

developed by RETHi. The generation of impact events depends on a four-element Poisson process in space, 

time, mass, and velocity. The dependencies between these factors were taken into account when generating 

values. Covered in the report are the dependent factors, equations used, assumptions made, and resulting 

data generated. These results can be useful for any planetary surface impact model, but the Moon provides a 

wealth of data for generating exact values.  
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Abstract: 

To stop further spread of the COVID19 virus between citizens, governments issued a policy to wear face 

covering masks. In order to make informed policy decisions in response to the COVID19 pandemic, public 

officials need to have accurate statistics on the number of citizens following face mask guidelines. To address 

this problem, computer vision solutions can be applied to continuously provide real-time visual data (image and 

video) without human efforts. However, in the application of computer vision to solve this issue, an important, 

deeper question arises: to what extent is computer vision ready to address the problem of face mask detection. 

In order to thoroughly answer this question, our team is analyzing and evaluating state-of-the-art methods in 

regard to computer vision face mask detection. For analysis and evaluation, this team is comparing each 

method’s segmentation mAP (mean Average Precision) and classification F1 score. The methods found will be 

tested on a dataset composed of images and videos from Purdue camera footage. This study discerns whether 

computer vision is ready to undertake the task of providing accurate face mask statistics. 
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Abstract: 

Polyfluoroalkyl substances (PFAs) are non-biodegradable, synthetic chemicals released by manufacturing 

processes that pose a strong threat to human and environmental safety. This contributes to the dispersion of 

cancer, and causes carcinogens in water supplies. Nanofiltration (NF) demonstrates high rejection of PFAs 

from water, however, membrane fouling can occur quickly due to high concentration polarization of PFAs on 

the membrane surface. Fouling leads to membrane degradation and clean water flux reduction over long-term 

operation. To address this challenge, our team has proposed the integration of electric fields across a 

nanofiltration membrane. This method can mitigate fouling by repelling negatively charged PFAs from the 

membrane surface. Our team has produced a reactor that combines electric fields with a nanofiltration 

membrane that will effectively remove PFAs from waste water under low energy consumption. Our prototype 

facilitates crossflow filtration and is comprised of a mesoporous membrane and DC-powered electrodes. We 

will investigate the process experimentally through testing different water qualities and operating conditions to 

find the optimal working parameters and understand the filtering characteristics of PFAs with different C-F 

chain lengths. The prototype is capable of effectively facilitating electrochemical reactions. We aspire to make 

this a low-cost and commercially viable technology that can be potentially applied in underdeveloped areas 

across the world. Our goal is to increase access to clean water and address challenges regarding water 

scarcity and environmental sustainability.  
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Abstract: 

Crop density is an important value that is calculated to manage sorghum crops and estimate yield and biomass 

production. The first step in calculating crop density is to detect plants in an image. This process can be done 

manually however that would be very inefficient and time consuming. To create a quicker way to detect objects 

a machine learning model was developed that learned to detect crops by itself without explicit programming. 

Using RGB images of sorghum crops taken by the gantry camera mounted on the TERRA-REF scanner, 

regions of interest were located and labelled. Approximately 10,000 ground-truthed (location of plant in RGB 

image) samples were manually created. However, because the computer used in this study didn’t have the 

GPU power to be able to process all the samples, only 5,000 samples were used. We applied the deep 

learning algorithm, namely Faster R-CNN, in order to “train” a machine to detect regions of interest. Our trained 

model was successfully able to learn patterns of plants and identify them from unseen testing images. It was 

hypothesized that as the epochs (number of iterations) increase and the more samples the model is provided, 

the more accurate the suggested model would be. Our final model ran for 80 epochs and produced the most 

accurate results. The performance of the detection model is assessed by the precision and recall metrics that 

are outputted. The final model gave the highest precision (0.961) and recall numbers ( 0.813) indicating the 

most successful training model. With further developments building on this method, future studies will be able 

to determine crop density, which is a vital metric to increase crop yield. 
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Abstract: 

The COVID-19 pandemic has strained global diagnostic capacities and highlighted the limitations of 

conventional lab-based assays, which can take between 1-14 days to receive conclusive results. Current on-

site kits have false-negative rates as high as 33%. In an effort to provide accurate, non-invasive, affordable, 

and rapid Point of Care(POC) testing for COVID-19 and other emerging pandemics, Purdue iGEM is working 

on a research project called cArgo: A COVID-19 Argonaute mediated saliva-based diagnostic device. The 

purpose of this project is to study the use of Argonaute proteins found in Thermus thermophilus bacteria 

(TtAgo) to develop a saliva-based rapid and accurate microfluidic COVID-19 diagnostic device. The diagnostic 

device works as such: Saliva is inputted into the chip and viral RNA is extracted from it. The RNA is then 

amplified, converted into double-stranded DNA (dsDNA), and cleaved by TtAgo producing single-stranded 

DNA fragments(ssDNA). These ssDNA fragments bind to molecular beacons emitting a quantifiable 

fluorescent signal for conclusive result determination. With limited to no access to wet lab, the team used 

programming to optimize the biologics of the device, developed CAD models of the microfluidic chip, modeled 

the adsorption kinetics of chitosan, and developed a heating circuit for the chip. Through the research project, 

the team consulted experts regarding the device’s design and safety and spearheaded an intercollegiate 

synthetic biology educational initiative. Coupling the biologics of cArgo with chip barcoding and app integration, 

the team hopes to revolutionize POC diagnostics while making data more accessible for simultaneous 

detection and contact tracing. 
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Abstract: 

The Bionode is an implantable closed-loop platform for continuous monitoring and intervention. This device is 

fully implantable, fully wirelessly powered, and is capable of multi-channel recording and high-precision 

neurostimulation. These unique characteristics make it excellent for biological applications related to tracking 

metrics in real-time, and even acting on that information with electrical stimulation. One of the leading use-

cases of the Bionode has been in the study of epilepsy, involving initiating seizures in rats and recording 

biological signals to monitor their seizures as they occur. This device has also been used for vagus nerve 

stimulation in an attempt to stop SUDEP (sudden unexpected death in epilepsy). In the future, this device 

would be capable of handling an end-to-end seizure monitoring, detection, and alerting system, as well as 

being able to intervene and provide electrical stimulation when needed to prevent death in epileptic patients. 

One key consideration in the design of this device is efficient use of power and battery life. While fully wireless 

and incredibly powerful, it is essential that all of the stimulation and sampling is done in an efficient manner. A 

new sampling method was implemented to reduce power usage and variability. The Bionode hardware and 

software was upgraded to support multi-channel synchronous sampling to reduce the number of accesses 

needed in gathering one packet of sampling data, thus inversely decreasing the power utilization for every 

channel sampled. 
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Abstract: 

844 million people lack access to basic drinking water needs, equivalent to 1 in 10 people. Atmospheric water 

serves as a large untapped source of water, and harvesting this water serves as a potential solution to water 

scarcity in arid regions. Atmospheric water harvesting solutions utilize a range of technologies that include 

passive dew collection, fog harvesting, active membrane condensation, and sorption systems. Our team is 

researching the potential of radiative cooling to promote water condensation as a passive method to collect 

water directly from the atmosphere. Specifically researching the potential of a high-powered radiative cooling 

paint, made up of an acrylic matrix and barium sulfate nanoparticles, as a potential technology solution to 

atmospheric water harvesting. The material properties of this paint allow it to reject heat into outer space thus 

cooling the surrounding air and condensing atmospheric water vapor. Water harvesting technologies and 

radiative cooling technologies are plagued with low water yields, however, hydrophobic coatings have been 

shown to increase condensation mass transfer by several orders of magnitude. The goal of this research 

project is to alter the paint structure to make it more hydrophobic in nature in order to lower the surface energy 

and promote dropwise condensation to ease water collection. The paint has been proven to have about a 95% 

reflection of sunlight and studies have shown that increasing the hydrophobicity of the paint increases the 

condensation magnitude without affecting cooling power. This paint provides potential for a passive, high 

efficiency, scalable solution to water scarcity. 
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Abstract: 

A study, “Assessing the Travel Demand and Mobility Impacts of Disruptive Transportation Technologies in 

Indiana” funded by the Indiana Department of Transportation (INDOT), seeks to understand the impact new 

transportation modes (e.g., shared electric scooters, shared bikes) have had and will have on Indiana’s 

transportation landscape. One of the deliverables of this project is an agent-based model (ABM) to provide 

INDOT the ability to project specific scenarios given the current travel patterns and attitudes Indiana residents 

have towards existing transportation modes. The data source specific to the city of West Lafayette, one of this 

project’s case study cities, is a survey that collected responses between January and May 2020; its results can 

be used as inputs for the ABM. The survey was created to gauge the current use and interest in shared e-

scooter and bike share modes. Questions pertaining to the trips made by these modes (e.g., purpose, 

distance, cost) as well as the user’s opinions and preferences were asked along with general demographic 

information. Survey results can help transportation planners understand mode choice determinants, forecast 

future demand patterns, anticipate the impact these modes may have on other transportation modes, and 

recommend improvements that can be made to these systems. The survey data are also used to compare the 

characteristics of shared e-scooters and shared bikes which can help determine whether the two modes are 

perceived as similar in mode choice decisions and act as substitute modes or they serve different trips (in 

terms of trip purpose or distance). 
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Abstract: 

The Android Operating System is currently used in 75% of mobile device across the world. It is gaining many 

users over the past decade, which has resulted in an increase in the number of vulnerabilities that target these 

systems. Inter-application communication is one of the most notable features in the Android framework, which 

allows developers to transfer data between apps with ease. This project focuses on the vulnerabilities in 

Android Intents using a Regex approach. Regex denial of service attacks are quite common and can cause 

exponential runtime and increased memory allocation. Exponential Runtime can cause the app to become 

unresponsive, or freeze. Increased memory allocation can cause an OutOfMemoryError, causing the app to 

crash. In the Android OS, a Regex Denial of Service can cause another app to become unresponsive, 

frustrating the user and possibly causing the customer to delete the app and leave negative reviews. The goal 

of this project is to prevent malicious third party applications from sending Intents with an evil input, or prevent 

other verified applications from receiving the evil input. . 
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Abstract: 

The most common cancer diagnosed in women, breast cancer, often metastasizes to the lungs, liver, lymph 

nodes, and bones. Cancer cells from the primary tumor migrate and grow in secondary locations, creating 

metastatic lesions (mets). Metastasis accounts for most breast cancer deaths. During metastasis, changes 

occur in the extracellular matrix (ECM) that promote cancer progression. Proteins, such as fibronectin and 

collagen, play a huge role in breast cancer metastasis. Fibronectin contributes to the premetastatic niche, and 

collagen crosslinking increases ECM stiffness. In this study, tandem mass spectrometry was used to 

characterize and quantify the changes that occur in the ECM during disease progression. The 4T1 cancer cell 

line was used in this study because it is highly tumorigenic and commonly metastasizes to the lungs. Many 

tissues were analyzed at different states of disease progression including healthy, early metastasized tissues 

and fully metastasized tissues. In primary and relapse tumors, a significant increase in the expression of 

fibronectin was noted, which promotes the progression of breast cancer. Additionally, COL1A1 and COL1A2 

were increased in abundance in the relapse tumors, both which contribute to collagen crosslinking and, 

therefore, matrix stiffness. Also, COL4A1 and COL4A2, which have been shown to play a large role in the 

progression of metastatic cancers, were both found in significant abundance in metastasized lungs in 

comparison to the other three tissue types. Finally, the lungs mets contained a large number of unique 

proteins, such as COL10A1, which contribute to the formation of cartilage, and therefore increase ECM 

stiffness. These findings suggest that the tumor microenvironment stiffens as disease progresses, which will 

later be characterized through mechanical testing comparing healthy and metastasized tissues properties. 
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Abstract: 

According to the Bureau of Labor Statistics, there was an average of 14 workplace deaths a day in 2018, 

totaling ~5,000 workplace deaths that year. The goal of our project is to reduce the severity of workplace 

injuries and frequency of fatalities by developing a learning IoT node containing a series of sensors to monitor 

workplace factors to predict hazardous situations.  

The current goal is the development of a rapid flexible prototyping platform leveraging an STM32F4 Arduino 

MCU to manage sensors communicating over RFC1662 with a single board computer running learning in 

Python, connected by Ethernet to the cloud. The data will be analyzed by a machine-learning algorithm both 

locally and in the cloud to alert workers of dangerous situations before they occur.  

Our work is focused on particles of size 10 microns (<10 μm), denoted Particulate Matter 10 (PM10.0) as

previous research found these particles constitute the primary respiratory health risk to workers—particles that 

disperse themselves throughout the lower respiratory system. Through the Indoor Air Quality and Inhalation 

Exposure (IAQX) simulation toolkit provided by the United States EPA, we can model and test particle 

disposition at the Bechtel Innovation and Design Center (BIDC). We have found that wood dust would be best 

to test our models due to it being easily split into bins PM1.0, PM2.5, PM10.0, and the ease of sourcing it. The 

developed model based on the IAQX will be used to create a cluster of sensors that relay information to the 

cloud at the BIDC. 
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Abstract: 

This research project is the video analysis of human behavior, and the intent of this project is to sudy human 

behavior in open and closed spaces so as to accurately model humans over time. The main goal is to make an 

efficient re - identification pipeline through which if a person walks into the camera and is given an id number 

and leaves the scene, if the same person re enters the scene the same id number is assigned to the person. 

The method that we use to do this is the main component of the re id pipeline. Another aspect of the pipeline is 

to create a 2d mapping component which converts the camera feed to a google maps implementation which 

shows peoples location via the google maps api. The system will return a text document which shows the co-

ordinates of each person in a neat format. 
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Abstract: 

In most programming languages, regexes are an exploitable vector for denial-of-service because of their 

inefficient implementation within the regex engines of most programming languages. Attackers can utilize 

specialized “attacker inputs” to exploit the polynomial and exponential worst-case behavior of certain regexes 

to potentially produce a regex denial-of-service (ReDoS) on a service. The safe-regex package with over 5.8 

million dependents on GitHub aims to detect these problematic regexes with potentially catastrophic 

backtracking behavior within a codebase, but currently assumes many false negatives and false positives. We 

re-implement the package using finite automata and analysis to more accurately describe their behavior and 

deduce whether a given regex has the potential to be exploited by a malicious third-party. We also create new 

tools for tracing and resolving sources of ambiguity within a regex contributing to potential catastrophic 

backtracking behavior. 

We research previously unknown sources of non-linear worst-case behavior and make conclusions about 

common and easily-resolvable sources of ambiguity which can be applied to a wide variety of regexes using 

those analyzed within the package. We also plan to explore enhancements for extended feature support for the 

package as future work. 
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Abstract: 

The goal of this research is to investigate the change in individuals' loneliness since the COVID-19 pandemic 

has begun, and to investigate possible insights for any trends found. As we all find ourselves in the middle of a 

high stress event for the foreseeable future, many have reduced risk of exposure to the COVID-19 virus by 

quarantining and socially distancing. Studying the effects of this situation is important for future planning in 

order to combat the virus while keeping everyone safe emotionally and mentally as well. The study was 

conducted using data from the Happiness Survey, an international survey used to gauge well-being conducted 

by the Happiness Alliance, a nonprofit organization that collects data on quality of life, happiness, and well-

being for research and application purposes. The sample size considered is 4400 in 2018 and 4200 in 2020, 

with survey takers located mostly in the United States (about 70%). In this survey, respondents were asked to 

rank their opinions with regards to many well-being factors, with one question asking about their feelings of 

loneliness. Between the years 2018 to 2020, the percentage of people who designated they were often or very 

often/always lonely increased by 8.4%. When segmented by age, it was found that the largest changes in 

loneliness were found in the ages of 12-39 and 60+. These findings are important for future policymaking as 

actions are furthered to stop the spread of COVID-19 and to explore the issues that can be brought about by 

loneliness. 
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Abstract: 

The purpose of this project is to automatically classify images of food and estimate the calorie count of any 

typical meal. With the rise of obesity and food allergies, there is a necessity for people to develop good eating 

habits. Typically, this requires prior knowledge about the nutritional value of a dish, but this information is often 

not easily accessible outside of prepackaged meals. Additionally, an unfamiliar cuisine or dish might contain 

ingredients harmful to the consumer of which they are unaware. Our team aims to remove the need for prior 

human experience and provide a one-stop solution for food detection and classification. Modeled after the 

TADA Project, the goal of this project is to analyze food images for relevant information about its content. 

Using a combination of deep learning and Convolutional Neural Network models, we will detect food type, 

nutritional content, and serving size. Our project has extensive applications in meal and diet planning, and 

future uses as a user-based mobile application. 

Mentor(s): 

Edward J Delp, College of Engineering 

Carla B Zoltowski, College of Engineering 
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Title: 

NASA Solar Cruiser Imaging System Prototype 

Authors: 

Naveen Vivek, College of Engineering 

Alan Gelman, College of Engineering 

Tristan Yan, College of Science 

Riley Harwood, College of Engineering 

Jinit Gandhi, College of Engineering 

Alexander Leven, College of Engineering 

Dante Sanaei, College of Engineering 

Maria Soare, College of Engineering 

Abstract: 

Purdue University is projected to be part of a student collaboration project with the NASA Marshall Center, 

working on the Solar Cruiser Mission (Oct. 2024). The objective of this mission is to prove that solar sail 

technology is a feasible propulsion method. Solar sails are thin sheets of reflective material that use the 

momentum of photons from the Sun to propel in space. The mission is set to deploy a solar sail at the L1 

Lagrange point between the Earth and the Sun. 

The student collaboration portion aims to demonstrate the functionality of the Imaging System for the mission. 

The system is divided into three sections: camera module, downlinking system, and image processing 

capabilities. The camera module consists of the camera and lens that are protected from outer space radiation 

and can capture at least one quadrant (25%) of the spacecraft. The downlinking system is responsible for 

transferring images to an onboard central unit via SpaceWire or RS-422 communication protocols, and then 

wirelessly to a ground-station. The image processing component filters out blurred images on-board, followed 

by on-ground post-processing such as correcting distortion and three-dimensional mapping of the spacecraft. 

For the final mission, the team has selected the camera module components with CAD models for housing and 

mounting, designed a small-scale downlinking architecture using a Raspberry Pi 3B+, and developed blur 

classification, distortion correction, and computer vision algorithms using TensorFlow & OpenCV. The team is 

currently working on a prototype using a simpler camera module and the remaining downlinking architecture. 

Mentor(s): 

Alina Alexeenko, College of Engineering 

Anthony Cofer, College of Engineering 

Yung-Hsiang Lu, College of Engineering 
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Title: 

VIP SoCET Formal Verification Fall 2020 

Authors: 

Yuxin Zhang, College of Engineering 

Douglas Yu, College of Engineering 

Abstract: 

The focus of this project is to build an automated, physical testbed combining FPGA emulation, UVM, and FV 

to rigorously verify the functionality of a digital design before it is sent out for fabrication. Field-Programmable 

Gate Arrays (FPGAs) are devices used to emulate a digital design in the real, physical world; however, 

verification teams typically simulate, in software, more testcases than they emulate with an FPGA. These 

software simulations can take a long time when using a pseudo-random testcase generator like Mentor 

Graphics’ Universal Verification Methodology (UVM), which is a great tool for finding the corner cases when 

the time to simulate all possible inputs becomes impractical. It takes software longer to simulate a testcase 

than for hardware to emulate the testcase; software must run multiple instructions to calculate each gate’s 

output while the hardware emulation simply allows the current flow through its physical gates. If the UVM 

sequences drive the inputs of a physical FPGA, then it would require less run time. To further improve the 

verification rigor, the predictor & scoreboard UVM components can be supplemented with assertions made 

using Formal Verification (FV), a tool which uses mathematical induction to prove defined, undesired outputs 

will never occur under normal operation (ex: no bit-flipping from solar radiation). With these tools combined, 

more testcases can be evaluated on the physical implementation of a digital design to be submitted for an 

expensive fabrication run and the outputs of these testcases will be scrutinized to a high degree with the use of 

two separate models of expected behavior. 

Mentor(s): 

John Martinuk, College of Engineering 

Mark Johnson, College of Engineering 
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Title: 

Strong But Quiet: Muted Group Theory and the Female Superhero 

Authors: 

Alexandra Ziolkowski, College of Engineering 

Abstract: 

The purpose of this study was to examine advertising material for superhero films and compare their depictions 

of male and female characters. Kramerae’s theory of Muted Groups suggests that women are part of a “muted 

group,” meaning their words are discounted, or quite literally silenced, in society. A content analysis of 20 

superhero film posters and trailers was conducted in order to identify metrics such as number of male and 

female characters presented, screen time, and words spoken. After completing a paired t-test for the different 

variables, it was concluded that in movie trailers, male characters were more likely to speak, spoke for longer 

durations, and appeared on the screen for more time than their female counterparts. It was also concluded that 

male characters appeared more frequently on posters than female characters. These results point to a 

discrepancy between the advertising of male characters and female characters in superhero films, revealing 

results consistent with the notion that women are a muted group. The results indicate that women are relatively 

absent from an entire genre of media entertainment. While caution is in order about speculating the possible 

effects of these representations, it seems possible that this pattern of depictions for women could contribute to 

the alienation of potential female viewers. This is an exploratory study, and future research is suggested 

comparing the advertising media to the films themselves, as well as examining the effects of the content. 

Mentor(s): 

Glenn Sparks, College of Liberal Arts 
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Title: 

COVID-19 and The Persistence of Anti-Asian Bias and Racism: National History and Midwest/Purdue Reality 

Authors: 

Nimisha Prasad, College of Health & Human Sciences 

Abstract: 

The COVID-19 pandemic has caused an increase of xenophobia and anti-Asian bias in the United States and 

around the world (Pew Research Center), exacerbated by the association of the pandemic with China and the 

use of incorrect, hurtful terminologies to call the coronavirus (for example: “Kung Flu”; “China Virus”). In this 

research, I am examining the current reality of anti-Asian bias due to COVID-19 and the historical roots of 

xenophobia and bias regarding Asian America. Looking at the national history and zooming in on the Midwest 

and Purdue University, the research questions that I seek to answer are 1) is COVID-19 anti-Asian bias unique 

[or not] throughout the history of Asian America, and 2) What is the history and reality of anti-Asian bias in the 

Midwest and at Purdue? Using the methodology of historical and archival analysis, I have found that anti-Asian 

bias is not unique to COVID-19, and anti-Asian bias has persisted throughout the history of Asian America. I 

have found that in times of crises and tensions that have connections to Asia, anti-Asian bias tends to 

increase. In addition, through looking at available archives at Purdue University on Asian American 

communities, I have found persistent instances of bias at Purdue and in the Midwest within the past 25 years. 

At the university level, the growing Asian and Asian American communities that this paper brings to light 

demonstrates a need for a campus-wide approach to educate our Purdue campus on the persistent history of 

anti-Asian bias. 

Mentor(s): 

Pamela Sari, Asian American Asian Resource Culture Center 
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Title: 

Aerobic Fitness Positively Impacts Executive Function in Young Adults 

Authors: 

Alexis Swingendorf, College of Health & Human Sciences 

Brandon Muczynski, College of Health & Human Sciences 

Abstract: 

The purpose of this study was to examine the relationship between aerobic fitness and the three domains of 

executive function: (1) working memory, (2) inhibitory control, and (3) cognitive flexibility in young adults. 120 

young adults, aged 18-30 years, were recruited to complete a health questionnaire and a VO2max test, a 

standard measure of aerobic fitness utilizing graded exercise to determine maximum oxygen consumption. 

Participants completed a series of n-back tasks (n=1, 2, or 3) requiring varying degrees of working memory, a 

flanker task in which one condition prioritizes response accuracy and the other prioritizes response speed, and 

a task-switching task which required decision-making processes by utilizing a fixed rule (homogenous) or two 

alternating rules (heterogenous). Results showed an increased level of aerobic fitness was associated with 

faster reaction times during the 1-back condition and higher response accuracy during the 2-back condition. 

Increased aerobic fitness was associated with smaller decreases in response accuracy from a switching to 

non-switching trial during the heterogenous condition of the task-switching task. After controlling for age, sex, 

and total amount of self-reported physical activity, the observed associations remained statistically significant. 

While young adults are considered at their peak for executive function, individual differences in aerobic fitness 

may contribute to variability in executive function in this population, particularly working memory and cognitive 

flexibility. The implication of these results is that being aerobically fit may play a role in increasing cognitive 

health in young adults. 

Mentor(s): 

Shih-Chun (Alvin) Kao, College of Health & Human Sciences 

Christian Nagy, College of Health & Human Sciences 

Nicholas Baumgartner, College of Health & Human Sciences 
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Influence of Schedules and Infusion Times on Cisplatin Induced Toxicity in Pediatric Patients 

Authors: 

Phillip Harter, College of Liberal Arts 

Abstract: 

Cisplatin (CDDP) is a commonly utilized platinum based chemotherapy medication with known ototoxic and 

nephrotoxic ramification. Mitigating the cisplatin induced toxicity is a primary focus of current research. Our 

study investigated the relationship between how CDDP was administered and the toxicity that a pediatric 

patient would experience after the completion of a cycle. The admission of CDDP can take many forms with 

varying days and times in which the drug can be infused over, however a current gap in the literature exists as 

to whether these different infusion schedules and times impact the toxicity experienced by a pediatric patient.  

To evaluate cisplatin induced nephrotoxicity (CIN) the percentage change from the nearest creatinine level 

prior to CDDP infusion to the highest creatinine level within 24 hours post CDDP infusion was documented for 

each cycle. Alongside the number of days a patient received CDDP this study documented the ordered amount 

of time of infusions and the actual amount of time the drug was infusioned. To evaluate CIN, the days and 

actual infusion times were compared to the percentage change in creatinine. Our study also examined the 

general toxicity caused by the admission schedule of CDDP. General toxicity was documented as unscheduled 

hospital admission relating to documented side effects of CDDP ( nausea, fever and neutropenia, infection, 

mucositis, and other) following the conclusion of a cycle of CDDP and prior to the commencement of the next 

cycle. The statistical relationship between these variables is still being evaluated.  

Mentor(s): 

Dr. Robert Hayashi 



Project’s College: College of Liberal Arts Category: Social Sciences/Humanities/Education 

Research Talk 

Title: 

“Frightened for our Lives:” the forgotten stories of British Home Children 

Authors: 

Emily Mast, College of Liberal Arts 

Abstract: 

The British Child Migrant Schemes sent over 100,000 British Home Children to Canada between 1860 and 

1948. Migrationists proposed child migration as a way to give impoverished and orphaned British children a 

fresh start away from economic hardship and pauperism. Not all of the British Home Children’s experiences 

were positive, and many personal stories have been forgotten. Current literature focuses on either generalized 

depictions of the migration schemes or anecdotal stories about only one child. To understand the shared 

experiences of British Home Children while remembering their personal journeys, I ask “what did British Home 

Children endure and what are the common themes among them?” I use a microhistory framework to craft three 

Home Children’s narratives from primary source documents and analyze a collection of 106 anecdotal letters 

from Home Children and their families. I apply a refuge historical lens to document the small-scale and intimate 

observations of the primary source documents, and I apply a prospect historical lens to visualize the large-

scale emergent trends from the collection of personal anecdotes. Through visual and spatial analysis 

techniques, I conclude that many children expressed similar experiences during their time as British Home 

Children, such as traveling through the same places en route to their final destination, clustering of placement 

homes in specific regions and cities, and conveying negative feelings such as loneliness and sadness. 

Mentor(s): 

Katherine Jarriel, Honors College 
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Title: 

Non-profit Organizations and their Effort to Make Change against Asian American Discrimination amidst 

COVID-19 

Authors: 

Tess Chang, College of Pharmacy 

Abstract: 

The purpose of this project was to present an analysis of reporting centers and their affiliated organizations 

with the importance of social change that can be brought about to combat the racial discrimination and bias 

that Asian Americans experience during the COVID-19 pandemic. This study complied media sites of all the 

reporting centers from their organization's websites to news reports. Websites of organizations that have 

created their own reporting centers were used to understand the current resources available to the public. In 

addition, data from the internet and other sources of documentation were collected to gather information about 

the topic. A comparison of the different centers such as STOP APPI HATE, Stand Against Hatred, OCA, ERN, 

and universities was completed. Similar information was found to be collected through online surveys that 

could be completed on the reporting center’s website. Websites of the centers often shared personal stories 

reported to bring awareness to the public. In response to these reports, many advocacy movements and 

community actions have been initiated. This link between reports and movement for anti-bias movements for 

Asian Americans proved to be important to change communities and government action towards racism during 

the COVID-19 pandemic. 

Mentor(s): 

Pamela Sari, Asian American Asian Resource Cultural Center 



Project’s College: College of Pharmacy Category: Social Sciences/Humanities/Education 
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Title: 

Asian and Asian-American Creative Organizing against Discrimination and Racism in Support of Black Lives 

Matter Movement During the Time of a Pandemic 

Authors: 

Tiffany Nguyen, College of Pharmacy 

Abstract: 

At the beginning of the pandemic, the number of Asian and Asian American discrimination acts in the U.S. 

increased and the murder of George Floyd sparked the Black Lives Matter (BLM) movement. Throughout the 

history of the United States, minoritized communities spoke against racism and injustice by joining forces in 

solidarity. An example includes Yuri Kochiyama, a Japanese-American activist who fought along with Malcolm 

X for black liberation during the Civil Rights movement. This project seeks to understand how the COVID-19 

pandemic and racial turmoil that impacts Black and African American individuals, Asian and Asian American 

communities seek to organize to respond anti-Asian bias and come together in solidarity to support BLM. The 

key research question is: How are Asian and Asian American individuals and groups implement creative 

organizing to respond to both anti-Asian bias and racial turmoil with the death of George Floyd, Breonna 

Taylor, and many other Black and African American individuals? News and social media highlight efforts by 

Asian and Asian Americans to speak on both anti-Asian bias and racial turmoil during the pandemic. Findings 

suggest that Asian and Asian American communities utilize online creative organizing to raise awareness of 

anti-Blackness inside and outside the Asian communities and raise awareness about the ongoing anti-Asian 

bias and violence. Asian and Asian American communities organize in forms of marches and protest to speak 

of the injustice that they experience. Bringing the organizing locally, Asian-interest student organizations at 

Purdue take an active role to speak against injustice and emphasize solidarity. 

Mentor(s): 

Pamela Sari, Asian American Asian Resource Culture Center 
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Title: 

Superconducting Circuits for Quantum Control and Measurement 

Authors: 

Maaz Ahmed, College of Science 

Abstract: 

The purpose of this study was to design and make optimal magnetic field shielded housings for 

superconducting quantum circuits. Superconductivity is a set of physical properties observed in certain 

materials where electrical resistance vanishes, and magnetic fields are expelled from the material. Recently, 

these superconductors have been used in quantum circuits to realize applications in quantum computing, 

information processing and communication. Here we design magnetic shields used inside a dilution refrigerator 

operating at <20 milli-kelvin temperature, which prevent magnetic field noise from causing unwanted 

dephasing in the quantum circuit devices. Mu-metal, a nickel–iron soft ferromagnetic alloy with very high 

permeability, is used for shielding devices against static or low-frequency magnetic fields. Additionally, we 

fabricate OFHC copper and superconducting lead shields that nullify the remaining magnetic field and provide 

optimal thermal conductivity. These shields will be incorporated into a control and measurement setup for 

superconducting qubit experiments. 

Mentor(s): 

Ruichao Ma, College of Science 
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Title: 

Investigation of a Factor VII deficiency variant in dogs with unexplained bleeding at necropsy 

Authors: 

Jessica Clark, College of Science 

Abstract: 

Factor VII (FVII) protein is an integral component of the extrinsic coagulation pathway. Deleterious variants in 

the gene encoding this protein can result in factor VII deficiency (FVIID), a bleeding disorder characterized by 

abnormal (slowed) clotting that presents in a wide range of severity, from asymptomatic to life-threatening. In 

canids, a single FVIID-associated variant, first described in Beagles, has been observed in nearly two dozen 

breeds and mixed-breed dogs. Because this variant is widespread among dogs, it was hypothesized that it 

could be a contributing factor to unexplained excessive bleeding observed in some canine necropsy cases. 

DNA was extracted from tissue samples from 41 cases, and each dog was genotyped for the c.407G&gt;A 

variant. Forty cases were homozygous for the wild type allele. One case was homozygous for a novel mutation 

at the same locus (c.407G&gt;T, p.Gly136Val); this variant is predicted to be pathogenic. These results 

indicate that, while it is unlikely the common FVIID variant is responsible for most cases of unexplained 

bleeding at necropsy, the locus does appear to be susceptible to change, as we have now documented a 

second nucleotide substitution at the same position. 

Mentor(s): 

Kari Ekenstedt, College of Veterinary Medicine 

Dayna Dreger, College of Veterinary Medicine 

Shawna Cook, College of Veterinary Medicine 
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Title: 

Multigrid for Fourier Finite Element Methods on Axisymmetric Domains 

Authors: 

Trevor Crupi, College of Science 

Yonah Moise 

Hannah Odom  

Abstract: 

Finite Element Methods (FEMs) are some of the most widely used techniques for approximating solutions to 

both ordinary and partial differential equations. FEMs have a wide range of applications in physics and 

engineering including thermodynamics, structural analysis, and fluid dynamics. To obtain close 

approximations, FEMs must solve very large matrix systems in which classical methods can be very inefficient. 

Because of this, many different iterative methods have been created to compute solutions to large matrix 

systems more efficiently. For FEMs, the convergence properties of these iterative methods can depend on the 

Sobolev spaces that the problem is defined in. Our primary goal is to show that the Multigrid V-cycle iterative 

algorithm can be utilized to efficiently solve Fourier Finite Element Methods (Fourier-FEMs) posed in weighted 

H(curl) spaces on axisymmetric domains, and how this method compares to other iterative methods. We show 

numerically that in boundary value problems posed in these weighted H(curl) spaces over axisymmetric 

domains, the Multigrid V-cycle with modern smoothers converge uniformly with respect to mesh sizes. 

Numerical results also indicate that for larger Fourier modes, the convergence rate decreases slightly 

compared to lower integer values for Fourier modes. 

Mentor(s): 

Minah Oh 

Yanlei Chen 

Justin Dong 
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Title: 

Have Your Offspring and Get Eaten Too: Lack of Reproductive Tradeoffs in a Host-Parasite System with Host 

Castration 

Authors: 

Annabell Davis, College of Science 

Abstract: 

Host-parasite coevolution can often lead to life-history changes in hosts. Fecundity compensation is one such 

life-history response, occurring when hosts increase their current reproductive output to make up for expected 

losses in future reproduction due to parasitic castration. However, the predicted potential tradeoffs between 

quantity and quality of offspring produced during fecundity compensation are relatively unexplored. This study 

uses the trematode Schistosoma mansoni and its snail intermediate host, Biomphalaria glabrata to better 

understand the evolutionary impacts of this host life-history response. Several reproductive measures including 

reproductive output, occurrence of no or multiple embryos per egg, hatching success, and growth of snail hosts 

to maturity were collected to compare offspring from infected snails, uninfected snails, and snails that were 

exposed, but uninfected. Our results show that infection status did not play a significant role in hatching or 

growth to maturity. However, the age of parental snails had a significant impact on hatching success, as the 

offspring of older parents demonstrated a higher hatching success rate. Furthermore, snails exposed to the 

parasite, but not infected, were more likely to lay eggs with no or multiple embryos than either infected or 

uninfected snails. The apparent lack of trade-offs between quantity and quality of offspring suggests that in the 

presence of infection, snails invest more resources towards reproduction to contribute healthy offspring to the 

next generation of snails, but at the expense of its own longevity. 

Mentor(s): 

Jonathan Vannatta, College of Science 
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Title: 

Data-driven Workload Prediction and Resource Planning for COVID19 Preparedness 

Authors: 

Shuwen Kan, College of Science 

Hang Wang, College of Science 

Abstract: 

Ever since the first outbreak of the highly contagious virus never witnessed by humanity, called COVID-19, the 

world has been greatly challenged by an unprecedented pandemic that has not only taken millions of lives but 

evoked tremendous instability within our society. Over the past few months, the United States has tragically 

turned into the most impacted country, having experienced almost 10 million cases and tens of thousands of 

deaths so far and yet displaying no sign of alleviation. Consequently, hospitals in the US have been 

enormously overwhelmed. In this project, our team has collaborated with IU health to help the health care 

provider to prepare for the COVID-19 demand surge. Our goal is to help hospitals to make quick adjustments 

to accommodate surge patients and place strategies to meet the anticipated demand on space, staff and 

resources for the disruptive pandemic. With the data provided by IU health, we have deployed various methods 

of data analytics and stochastic modeling to integrate disease spread forecasting and patient flow models to 

predict patient workload in hospitals and help optimize resource allocation. Throughout months of work, we 

have made detailed analyses of daily patient census, arrivals and discharges in different hospitals across 

multiple regions and built an algorithm that learns from aforementioned descriptive statistics and makes 

relatively good prediction on patient census. As of right now, our team is focusing on adjusting our algorithm to 

produce more detailed hourly prediction to help nursing units in hospitals better manage resources. 

Mentor(s): 

Pengyi Shi, School of Management 
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Title: 

Data-driven Workload Prediction and Resource Planning for COVID19 Preparedness 

Authors: 

Tianchun Li, College of Science 

Shikun Liu, College of Science 

Abstract: 

Since December 2019, the novel coronavirus (COVID-19) has spread across 187 countries and regions and 

taken more than 1,200,000 lives as of November 2, 2020. This rapidly escalating pandemic has placed 

tremendous stress on healthcare and hospital resources around the world. To address this urgency, our goal is 

to utilize data analytics, stochastic modeling, and decision tools to predict patient workload in hospitals and 

optimize resource allocation in preparedness for second waves of COVID19. To achieve this, we integrate the 

concept of infinite server queueing system to simulate the patient flow in hospital. In particular, we have 

multiple queues to simulate patient arrivals in real hospitals. The queue we use here is M/M/∞ queue by 

assuming the patients entering into the hospital follow a Doubly Stochastic Poisson Process (DSPP) with 

intensity expressed as Stochastic Differential Equation (SDE) and the service time distribution follows 

exponential distribution with infinite number of servers in the system. With the support of the data collected 

from a hospital, we include the interactions between queues to resemble the reality when a patient transfers 

from wards to wards. In this simulation, we can generally monitor hospital system at each time slot by checking 

the number of patients currently in wards, the number of patients in queues, how many patients left from each 

queue and entering another queue. We also plan to use deep neural networks to estimate the intensity of the 

DSPP that simulates the patient’s incoming flow and test the accuracy using our simulated intensity. 

Mentor(s): 

Pengyi Shi, School of Management 
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Is There a Better Way of Reading Burettes and Graduated Cylinders? 

Authors: 

Ted Tobias, College of Science 

Abstract: 

In chemistry teaching laboratories, reading burettes and graduated cylinders is a common skill that is taught to 

both high school and college students. Even after being taught proper technique, students often make 

mistakes in reading glassware instruments accurately. The purpose of this project is to see if students read 

glassware better by looking at pictures as opposed to directly reading the glassware itself. To do this, students 

were asked to determine the volumes of water in both a graduated cylinder and a burette. Each student was 

also asked to determine the volume of water from photos of a graduated cylinder and a burette. Forty-nine 

students were divided into three groups; Group A consisted of students who are experienced in the laboratory, 

Group B consisted of inexperienced students who did not watch an instructional video on reading glassware, 

and Group C consisted of inexperienced students who did watch an instructional video. Preliminary results 

suggest that reading a graduated cylinder from a photo is more accurate than reading the glassware in person. 

Preliminary results are inconclusive on whether watching an instructional video helps but do suggest that 

experienced students report more accurate readings. Finally, reading a burette is proving to be more 

challenging for all groups; more data will be collected before drawing conclusions. 

Mentor(s): 

Jon Rienstra-Kiracofe, College of Science 
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Title: 

Dostoevsky: The Connection Between Religious Duty and Its Influence on Russia's Transition to Socialism 

Authors: 

Alexandra Ware, College of Science 

Abstract: 

Fyodor Dostoevsky is primarily known for is his deeply philosophical works that delve into the psychology of 

the downtrodden. However, through analysis of Crime and Punishment, The Idiot, and The Brothers 

Karamazov themes of proto-socialism, and strong advocation for religious guidance are apparent. Dostoevsky 

details the connection between the Russian sense of moral duty, originating from Orthodox Christianity, and its 

influence on Russia’s transition toward political socialism.  

This is evidenced by the fact that first, Dostoevsky’s characters’ are most impacted by their religious values. 

Raskolnikov in Crime and Punishment confesses to his murder, desiring to repent in fear of God, Prince 

Myshkin, a christ figure in The Idiot attempts to save those around him, and Alyosha in the Brothers 

Karamazov strives to better the lives of others despite their negative impact on his own life. 

Second, Dostoevsky’s character’s Christian values lay the foundation for the movement towards political 

socialism. Raskolnikov's crime of committing murder was a direct result of his poverty, but his desire for 

forgiveness of his sins raises him out of a state of depravity.  

Third, the Christian moral duty experienced by Dostoevsky’s characters exemplifies the Proto-Socialist 

transition. Crime and Punishment argues that victims of circumstance can escape perverted societal structures 

when they uphold Christian values.  

Though Dostoevsky was by no means a socialist, Dostoevsky envisioned a society where the politics hold 

basic religious morality above all; where an individual is not driven to commit sin by their circumstance and is 

instead supported by those around them.  

Mentor(s): 

Olga Lyanda-Geller, College of Liberal Arts 
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Title: 

Patterns of extinction risk along latitude and altitude in toads (Bufonidae) 

 

Authors: 

Desi Wilson, College of Science 

 

Abstract: 

Among vertebrates, amphibians are the class that is most vulnerable to extinction. Despite this overall trend 

towards extinction, there is substantial variation between species in their risk. Given that disease 

(chytridiomycosis) and habitat degradation are the main threats to amphibians, and those factors vary 

predictably with altitude and latitude, species across the world are expected to vary in their extinction risk along 

those geographic axes. Here, we examine this prediction in toads (Bufonidae). Species in this family are 

distributed across the world and vary widely in their extinction risk. We obtained distribution and IUCN 

conservation status data for 526 species of toads from the IUCN red list assessment and used ArcGIS to 

determine altitude and latitude for each species. Using a phylogenetic ANOVA, we evaluated how distribution 

(altitude and latitude) affects extinction risk in toads across their phylogeny. In line with our prediction, we 

found that extinction risk is significantly different among species with different distributions. Overall, species 

found at lower latitudes and higher elevations are more likely to be diagnosed as endangered by the IUCN. 

These findings suggest that distribution plays an important factor in the extinction risk in toads. Ultimately, our 

results may help the development of conservation strategies in light of limited species assessment information. 

 

Mentor(s): 
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"where is this relationship going?": Understanding Relationship Trajectories in Narrative Text 

Authors: 

Keen You, College of Science 

Abstract: 

We examine a new commonsense reasoning task: given a narrative describing a social interaction that centers 

on two protagonists, systems make inferences about the underlying relationship trajectory. Specifically, we 

propose two evaluation tasks: Relationship Outlook Prediction MCQ and Resolution Prediction MCQ. In 

Relationship Outlook Prediction, a system maps an interaction to a relationship outlook that captures how the 

interaction is expected to change the relationship. In Resolution Prediction, a system attributes a given 

relationship outlook to a particular resolution that explains the outcome. These two tasks parallel two real-life 

questions that people frequently ponder upon as they navigate different social situations: "where is this 

relationship going? and "how did we end up here?". To facilitate the investigation of human social relationships 

through these two tasks, we construct a new dataset, Social Narrative Tree, which consists of 1250 stories 

documenting a variety of daily social interactions. The narratives encode a multitude of social elements that 

interweave to give rise to rich commonsense knowledge of how relationships evolve with respect to social 

interactions. We establish baseline performances using language models and the accuracies are significantly 

lower than human performance. The results demonstrate that models need to look beyond syntactic and 

semantic signals to comprehend complex human relationships. 
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Abstract: 

The advent of the Rubin Observatory’s Legacy Survey of Space and Time (LSST) will increase the volume of 

astronomical transient data by an order of magnitude. LSST is predicted to generate 20TB of data per day, 

leaving astronomers with the problem of sifting through a potential goldmine of scientific knowledge. In order to 

increase the accuracy and efficiency with which data is processed and interpreted, scientists are utilizing 

computational methods that can automate making decisions about which astronomical detections are most 

valuable to conduct follow up studies on. The Recommender Engine For Intelligent Transient Tracking 

(REFITT) was created to aid in this pursuit. Although this tool is already being put to use, there are still ways 

that it can be improved upon to optimize transient analysis. One such way is to train it on more realistic data. 

As of now it is trained on the Photometric LSST Astronomical Time-Series Classification Challenge data set, 

which is entirely computer simulated and thus has its shortcomings when applied to real events. To strengthen 

the REFITT system as a whole, our lab group has developed a pipeline to create better training data using real 

data on confirmed transients from data brokers such as Open Supernova Catalog. We use gaussian 

regression techniques and cadence simulation to generate new supernova data that mimics data coming from 

the Zwicky Transient Facility for training purposes, and we have provided a way to expand this pipeline to other 

telescopes. This pipeline will replace the sparsely sampled training data REFITT initially used and enable 

significant performance gains in the recommender engine. 
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Abstract: 

Public speaking anxiety (PSA) is a subtype of social phobia that is induced by situations requiring an individual 

to speak or present before an unfamiliar audience. PSA affects a large portion of the population and is onset in 

90% of afflicted individuals by the age of 20. While professional treatment options exist, they are expensive 

and require a suitable venue which are factors prohibitive to many college-aged students or young 

professionals between the ages of 18-24 years old. In this paper, a literature review on PSA and the use of 

virtual reality therapy (VRT) as an effective and attainable treatment option was conducted. The results 

determined that VRT was considered a viable treatment for PSA, yet there was a lack of recommendations 

and/or guidelines for selecting appropriate VRT software solutions. To address this research gap, a framework 

for evaluating the critical features of currently available VRT software for PSA was developed through a series 

of expert interviews. This framework was used to conduct a comparative analysis of currently available VRT 

products to identify and compare the critical aspects of the software. The results of the comparative analysis 

indicated that the software tools did not address all of the critical features required for the needs of this user 

group and exposed a gap in the market for an effective, comprehensive, and accessible VRT solution for 

college students and young professionals with PSA. 
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Abstract: 

As the population continuously ages, more people enroll in nursing homes. As the number of people in this age 

increases, so does the risk of coronavirus-related deaths. During the COVID-19 outbreak, nursing homes and 

assisted living facilities accounted for over 42% of all deaths although people living in them only account for 

0.6% of the total US population. These excessive rates have caused much alarm and scrutiny of living 

situations within nursing homes, especially those in California. Previous studies show that the facilities have 

already been struggling with infection control, however, there have been disagreements in research about 

whether there is a correlation between quality rating of nursing homes and their COVID-19 infection rate. The 

purpose of this project is to determine whether there are other explanations for the disproportionate amount of 

infections in nursing homes, whether it be by geographic location, nursing home demographic, or spread of 

other diseases that exacerbate the speed of spreading the virus. We will use data from the Center of Medicare 

and Medicaid Services (CMS) and the COVID Tracking Project to decompose and analyze the correlation 

between individual nursing home infection rates and the multiple factors previously mentioned by using 

statistical analysis software such as SPSS. Our intention is to provide a thorough understanding of the current 

living situation and deficiencies that have caused a drastically unproportional number of deaths in nursing 

homes as compared with the overall population. In the process, our findings may detect inadequacies in 

certain aspects of care provided within assisted living facilities that help to explain preventative measures that 

may be taken to avoid mass infection or invariant factors that inherently make certain nursing homes 

preferable to others in terms of lessening chances of being affected by COVID-19. 
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Abstract: 

We develop a Reinforcement Learning (RL) agent that serves as a basic template for making pricing decisions 

as a function of time. In this scenario we use sports ticket data from an NFL partner, both sold and unsold to 

extract the probability of a ticket being sold at a certain price and a certain number of days prior to the game. 

Using these probabilities, we derive an environment containing rewards as expected revenue from selling a 

ticket at a certain price level on a certain day. The RL agent then iteratively takes actions/decisions within its 

environment based off the state it is currently in and receives an expected revenue reward. The agent 

continuously iterates through its environment until it has found an optimal policy of actions to take in certain 

states to maximize long-run reward. RL is a relatively new field of artificial intelligence with a variety of 

applications that include sequential decision making. Here we will show the power RL has on time-driven 

pricing decisions. 
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Abstract: 

The COVID-19 pandemic has disproportionately impacted minority communities, including the Asian and Asian 

American and Pacific Islander (AAPI) communities. The impact of this pandemic is far reaching in different 

areas including physical and medical health, mental and emotional well-being, job security, and many more. In 

this research, I am examining the impacts that COVID-19 has had on AAPI communities. The key research 

question that I am examining is “How have AAPI communities been affected by COVID-19 especially in the 

areas of: physical and medical conditions, racism, occupational impacts, and immigration.” I am conducting a 

media analysis of online, print, and social media sources with testimonials from AAPI individuals about their 

experiences during this time. My ongoing findings in the area of physical/medical health suggest an alarming 

death of Fillipinx nurses during the pandemic, a heartbreaking phenomenon considering their contributions in 

the history of US healthcare fields. In the area of justice and equality, there is increased bias, physical and 

verbal violence and racism directed at AAPI communities or at individuals who physically look or have AAPI 

features. Some occupational impacts include the large reduction of businesses because of loss of customers 

and the drastic increase in unemployment of AAPI individuals. There are also changes in immigration with 

different barriers and laws for International students and work visa holders. The implication of my research to 

the Purdue community is that here at Purdue, there is a large portion of students, faculty, and staff that identify 

as AAPI. Many of the impacts that are faced by AAPI individuals can also directly affect the students, staff and 

faculty here at Purdue. 
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Abstract: 

In the northern neighborhoods of the City of Lafayette, Indiana, over 70% of households have an estimated 

income lower than $20,000. The purpose of this study was to identify geographical and numerical trends 

associated with these low-income residents. Many residents of the northern neighborhoods see their living 

situation as transient, but the city strives to build a community where residents will want to live for an extended 

period. In partnership with the City of Lafayette, understanding these trends would aid in the city’s effort to 

increase resident retention in the northern neighborhoods by identifying areas to focus retention efforts on. So, 

the study focused on analyzing household data to identify locations with patterns of low-income home renters. 

The method to identify these locations was plotting each household on a map of the studied neighborhoods 

and filtering household by different factors to derive geographical trends. Through analyzation of numerical 

trends, it was discovered that household income and retention had minimal relation to the value of the home. 

Also, renters were more likely to live in their home for shorter amounts of time. Using this knowledge, 

geographical visualizations were produced focusing on the low-income home renters as these people appear 

most likely to be transient residents, and geographical areas of low-income home renters were identified. With 

these specific areas identified, it was recommended to the contact at the City of Lafayette to focus resources 

on efforts of retention on these specific areas of the northern neighborhoods. 
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Abstract: 

The U.S. retail industry, as a well-established industry, has been praised for its high efficiency. The dominance 

of efficient big retailers (e.g., Wal-Mart and Target), however, also leads to the exit of smaller retailers, 

consequently resulting in a highly concentrated industry. According to National Retail Federation, the sales of 

top 10 retailers accounted for 30.3 percent of the U.S. total retail sales in 2018. This raises concerns about the 

potential risk in the event of man-made or natural disasters. The breakdown of one or two supply chain 

networks will result in a big shortage of grocery supply to the U.S. consumer. In the wake of the covid-19 

pandemic, shortages of food and daily necessities at major groceries have become a reality and attracted 

attention from both academia and industry.  This research investigates the structure of the retail supply chain 

network and studies the magnitude of concentration in the upstream level of the supply chain. We provide 

implications about the potential disruption risk faced by the U.S. retail industry and consequences for the U.S. 

consumer and aim to promote long-term stability in meeting the needs of the consumer.  For the four major 

retailers we analyzed, we find that their upstream supply chains are highly overlapped, and the four dominant 

retailers share about 55% common suppliers in their total supplier base. Of about $62 billion annual total 

transaction volume in all four major retailers, the common suppliers supply about $35.2 billion value of goods 

to the dominant retailers annually. The high concentration of the U.S. retail supply chain provides one potential 

explanation for the vulnerability and slow recovery of the retail supply chain when the pandemic hits the 

country. 
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Abstract: 

The COVID-19 pandemic is threatening human lives and the world economy. Personal protective equipment 

(PPE) became an essential medical resource. The shortage of PPE was often reported by the media and it 

was perceived as supply chain disruption. U.S. manufacturers are blamed for relying on offshoring significantly 

and asked to move their supply chain backshore. Is it true that there was a significant disruption in the PPE 

supply chain during the pandemic? Is the global supply chain for PPE resilient for the U.S.? What’s the profile 

of the current global PPE suppliers? How to build a more transparent global PPE supply chain? What are the 

implications for policymakers to manage the supply chain disruption risks? 

We collect the PPE trade data from various sources, which allows us to review the facts in the global PPE 

trade before and after COVID-19. We next perform time series analysis to analyze the trend of the global PPE 

trade and difference-in-difference model to analyze the effect of COVID-19 on the global PPE trade. Counter to 

the general perception, we found there was no significant disruption in the global PPE supply chain; it is rather 

flexible and resilient. We use Python programming to construct a PPE global supply chain map and identify the 

number of suppliers with trade flows between countries indicating production capacity, which provides a highly 

transparent global supply chain map for decision-makers. Our study shed new light on the current debate 

about PPE disruption and U.S. manufacture backshoring. 
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Abstract: 

Antifungal drug resistance can evolve through a variety of different sources both genetic and epigenetic in 

nature. A mechanism of survival fungal cells implement is upregulating existing pathways through a 

modification of epigenetic and genetic factors. Candida glabrata have been shown to develop resistance to 

azoles, which work to inhibit the ergosterol biosynthesis pathway. Sterols are comparable to human cholesterol 

and comprise the cell membrane, important for membrane structure and fluidity. Set1, which resides in a 

complex, is a conserved methyltransferase which works to mono-, di-, and tri- methylate histone H3K4. Histone 

H3K4 methylation has been shown to be a sign of active gene expression. Sdc1 is a member of the Set1 

complex and aids in its ability to methylate its target. Aus1 is an ATP-binding cassette pump which is able to 

incorporate free sterols in the cell membrane. These three factors work to lead to azole resistance. 

Transformations to generate an aus1Δ and sdc1Δ were conducted, with a failure to generate a sdc1Δ, but 

success in generating an aus1Δ strain. Spot assays were conducted using various knockouts of the Set1 

complex to test survivability and showed that a set1Δ is hypersensitive to azole treatment, while knockouts of 

its members showed slightly less sensitivity. Further research will be performed to better understand the 

mechanisms each member of the Set1 complex plays and the effect of an aus1Δ strain in azole susceptibility 

in C. glabrata. This research could be vital in creating new antifungal drug therapies in pathogenic yeast 

species. 
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Abstract: 

Trees have become important for climate mitigation worldwide. Forest nurseries throughout the United States 

and Canada produce more than one billion hardwood and conifer tree seedlings each year with some of these 

produced for reforestation, restoration, and conservation purposes. The Human Dimensions lab at Purdue 

University works in partnership with the U.S. Forest Service to collect nursery seedling data from privately 

owned tree nurseries in the Midwestern and Eastern United States. Survey preparation began during fall 2019 

with data collected from January to March 2020. We sent 297 surveys to private nurseries across 21 states 

using a mailing list updated from the previous year of data collection. Surveys were sent through the U.S. 

Postal Service in three rounds (plus one post card reminder) over a six-week period. We had a 46.55% 

response rate with 128 private nurseries reporting data on tree seedling production. Overall, private nurseries 

reported nearly 23 million seedlings produced during the 2018-2019 production season. We recommend 

survey language clarifications to improve individual response data on production type. We also recommend the 

inclusion of an online survey option both to enhance opportunities for respondents to participate and as a 

mechanism for adapting our research activities during the COVID-19 pandemic. 
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Abstract: 

Colostrum intake by piglets affects their growth and phenotype, including feed efficiency. Since flow of 

molecules determine phenotype, we hypothesized that differences associated with amount of colostrum intake 

is related to a greater ratio of protein synthesis to DNA synthesis. Gilts were euthanized immediately (day 0; 

n=6) or fed 20% (COL20; n=7) versus 10% (COL10%; n=7) of body weight of colostrum over the first 24 h 

postnatal. COL20 and COL10 animals were treated with deuterium oxide to label newly synthesized 

deoxynucleotides and amino acids to measure fractional synthetic rate (FSR) of DNA and protein using Mass 

Isotopomer Distribution Analysis (MIDA) of LC-MS/MS spectra. Gilts were returned to litter to nurse from sow 

on postnatal day 1 (PND) to PND7 and weighed daily. On PND7 gilts were euthanized, jejunum, skeletal 

muscle and uterus were collected for isolation of protein and DNA. DNA FSR correlated with average daily 

gain (ADG) in uterus and muscle (r=0.81 and r=0.75), but not jejunum (r= 0.29). Protein FSR was positively 

related to ADG in muscle and uterus (r=0.59 and r=0.38), but negatively in jejunum (r=-0.40). There was no 

difference between treatments in DNA FSR, protein FSR nor ratio of protein to DNA FSR in tissues. A trend 

(p=0.06) was found for higher ratio of protein to DNA FSR in jejunum of COL10 (1.6) versus COL20 (1.3). 

Further studies are needed to determine if effect of colostrum on feed efficiency is related to differences in ratio 

of protein to DNA FSR in jejunum. 
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Abstract: 

The prevalence of Autism Spectrum Disorder (ASD) among children has greatly increased in the United States 

since 1970. Along with this increase, complementary treatments and interventions have also risen. One of 

these interventions increasing in popularity is autism service dogs specially trained to assist children with ASD. 

Qualitative research suggests service dogs may not only benefit children with ASD, but also the quality of life 

of caregivers and overall family functioning; however, the efficacy of this intervention has not been empirically 

determined. Therefore, this was the goal of the Purdue Canines for Autism REsearch Study (Purdue CARES). 

As data collection is still ongoing, this poster will focus on the methodology of the study. The cross-sectional 

pilot study is recruiting both human and canine participants. The human participants are adolescents 4 to 17 

years of age diagnosed with ASD and their legal caregiver. The canine participants are service dogs provided 

to the approved applicants by CCI. The goal is to recruit 50 families who have previously received an autism 

service dog from CCI (treatment group) and 50 families that are on the waitlist to receive a service dog (control 

group). Online questionnaires will assess child symptomology and wellbeing, caregiver burden and wellbeing, 

and family functioning with standardized measures. In addition, caregivers will collect saliva samples from 

children on three mornings to determine the cortisol awakening response (CAR), a measure of chronic stress. 

Results are anticipated to evaluate the efficacy of autism service dogs in addressing child and caregiver 

functioning. 
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Abstract: 

An estimated one-sixth of the world’s disability and illness every year is caused by vector-borne diseases. The 

Aedes aegypti mosquito used in this study is a vector for arboviruses that cause yellow fever, Zika, 

chikungunya and Dengue in humans. The ability to transmit virus is indicated by the presence of viral particles 

in mosquito saliva, and assays to measure this property are lacking. The goal of this project is to develop a 

high-throughput (HTP) assay to rapidly test mosquito saliva for the presence of viral RNA. For this study, the 

Liverpool strain of A. aegypti mosquitoes were cultured under standard conditions. Female mosquitoes were 

starved for 24 hours, placed into 15 mL tubes, and permitted to feed on a 20% sucrose solution + blue food 

dye delivered via filter paper, cotton ball, or both concurrently in a dark, humidified chamber for 12 hours. 

Feeding was confirmed by assessment of mosquito abdomen and detection of blue excreta on liners placed at 

the bottom of tubes. A method of feeding mosquitoes with filter paper covered by a moist cotton ball was found 

to be most effective. Ongoing work will examine the effectiveness of this method for detecting (a) mosquito 

saliva and (b) viral RNA from the saliva of Dengue-infected mosquitoes. Mechanisms to adapt this pilot assay 

for HTP format will be evaluated. The successful development of a HTP viral detection assay could enable 

improved diagnostics, disease surveillance, and discovery of small molecule drugs that disrupt viral 

transmission by the mosquito. 
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Abstract: 

Current events, such as the coronavirus and protests in response to racialized policing practices highlighted 

the need for teachers to be prepared to facilitate and engage students in explorations of social justice. In 

Knowing the World Through Mathematics (KWM), a three-credit quantitative reasoning course, prospective 

mathematics teachers (PMTs) develop their critical mathematics literacy by connecting their situated 

experiences in the Midwest to issues of social justice around the world. PMTs engage in mathematical 

investigations embedded in the context of the United Nations 2030 Agenda for sustainable development (UN, 

2015) and Gutstein’s (2006) Teaching Mathematics for Social Justice Framework. PMTs collaboratively 

analyze quantitative information through globally representative data sets and project-based learning as they 

demonstrate mastery of mathematics topics (e.g., functions, graph theory, introductory statistics). PMTs work 

toward course goals such as, expressing mathematical arguments related to world phenomena and using 

mathematical representations to investigate global issues. In support of an ongoing investigation of KWM, I am 

working with the second author to collect and analyze data, as well as disseminate findings. We will use a 

holistic case study (Yin, 2017) which includes a multiple case design to explore PMTs’ mathematics identities, 

or their beliefs about themselves and their ability to engage in the mathematics community (Martin, 2006) 

throughout their involvement in KWM. We will be guided by in class observations, narratives of PMT’s lived 

experiences through reflection prompts, individual interviews, and questionnaire responses. Specifically, this 

study will investigate: How does participation in KWM support PMTs’ mathematics identity development?  
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Abstract: 

The reinvigoration of the Black Lives Matter protests and the COVID-19 pandemic have made it increasingly 

apparent that there is a need to re-evaluate curriculum as the world evolves. During this time of heightened 

awareness of social injustices, it is especially important to re-evaluate curricula because “teaching and teacher 

education are inescapably political and ideological activities” (e.g., Cochran-Smith, 2010, p. 3).The purpose of 

this study is to investigate the ways in which social justice, diversity, and equity are addressed in the Teacher 

Education Program (TEP) at Purdue University. In this study, an understanding of the TEP curriculum will be 

achieved through focused, thematic analyses of the course syllabi, readings, and assignments.The initial 

analyses have taken the form of word clouds, and these clouds have facilitated preliminary findings regarding 

trends and common vocabulary. Social justice education is most effective for teacher candidates when it spans 

across the program, rather than in individual courses (e.g., McDonald and Zeichner, 2009). Therefore, these 

analyses will evolve into a report that identifies the ways in which social justice, diversity, and equity are 

incorporated into the curricula, and highlights productive connections that begin in the foundations courses and 

continue to the methods courses that are completed later in the TEP. When a better understanding of the 

curricula is reached, there is an opportunity for educators to make informed decisions about curriculum 

alterations that become necessary as the world changes.  
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Abstract: 

There is a known relationship between housing difficulties and poor childhood developmental outcomes in the 

Western world, but less is known if this relationship continues to exist in other parts of the world. This 

relationship is exacerbated by factors including low socioeconomic status, race, and living in a rural 

community. In this study, we used the Chinese Family Panel Study dataset (Xie, 2018) to look at housing 

crowdedness (both subjective and objective) and housing difficulties to document their association with 

children’s psychological stress and performance on learning-based tests in mainland China. We used multiple 

linear regression to document the relationship between housing crowdedness and issues and child-reported 

psychological stress and learning outcomes, controlling for gender, age, urban or rural environment, 

categorical family income, and housing type. We found that housing crowdedness impacted a child’s 

intellectual development by measuring scores on verbal and math tests but had minimal impact on their 

psychological stress and mental health. There was no difference between objective and subjective housing 

crowdedness on the outcome. 
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Abstract: 

To alleviate a subset of problems caused by COVID-19 with regards to object disinfection and safe 

transmission, an innovative solution has been designed by a team from Purdue Engineering. UV-locker is the 

first remotely controlled disinfection station that uses UV-C (Ultraviolet-C) light; exposure to the UV-C light, 

which has germicidal properties, ensures the disinfection of items. The UV-locker demonstrates a secure, 

private, and safe way to quarantine items and equipment that would frequently change hands on the university 

campus. Unlike the UV sanitizers that are already on the market, the UV locker is designed to disinfect a wider 

range of objects, such as phones, lab equipment, documents, food containers, keys, water bottles, medical 

supplies, etc. in a timely manner. To access the UV-locker, a user can log in with their unique Purdue account 

on the corresponding user-friendly mobile application, which will grant the user to deposit/collect an item of 

their own at a time and place that works best for them. The mobile app has parameters from the UV-locker to 

prevent tampering with another user’s transaction in addition to disinfection status updates. This project is our 

attempt in limiting the spread of COVID-19 at Purdue and will eventually be implemented in other types of 

work/university environments. 
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Abstract: 

Proper usage of personal protective equipment (PPE) has always been critical in workshop environments as 

many injuries are caused every year due to improper wearing of PPE. When workers do not wear PPE or fail to 

follow safety precautions, the chance of injury increases, and often companies experience financial losses as a 

result. A neural network based model to detect a lack of PPE or hazardous working techniques from live videos 

of workshops is a plausible solution to this problem, however it must be ensured that such a model is trained 

on fair data encompassing all demographics of workers. We aim to acquire videos of workers of various 

demographics using workshop machines in the Bechtel Center at Purdue University to train a model like this. 

The team will be constructing such a model to detect various PPE such as face masks, gloves, hard hats, 

vests, and face shields, along with proper hand and finger positioning when using workshop machines. 

Cameras will be placed in numerous workshops after the completion of this model, which will input videos 

continuously to our neural network model to perform real-time analysis ensuring that workers are following all 

safety precautions. If a camera detects a worker not wearing following safety protocol, it will raise a flag to the 

managers of the location. As accuracy improves, this system will be deployed in more factory settings. Our fair 

computer vision based solution will detect potential hazards before they lead to injury, benefiting both 

employees and employers. 
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Abstract: 

The purpose of this project was to improve currently available mechanic tools for measuring belt tension at 

Thermo King Corporation, as part of an internship program. The two previously available mechanic tools were 

either cheap, and not accurate (Tool A), or prohibitively expensive and exceptionally accurate (Tool B). The 

goal was to create a new tool that was both inexpensive and accurate. The first step in the product 

development process was to create a breadboard prototype to confirm the accuracy of the new design. To 

create a prototype, communications had to be initiated with suppliers to choose necessary components. Once 

the concept was proven, the design process, consisting of two stages, could begin. The hardware stage 

consisted of designing the printed circuit board (PCB). The software stage consisted of writing code to perform 

accurate tension calculations. After the design was completed, communications with a PCB supplier were 

initialized, and the PCB prototype was manufactured. Unfortunately, due to time constraints of the internship, 

the PCB prototype was not able to be tested by interns. Preliminary results from the breadboard prototype 

show maximum error of ± 5% and a cost decrease of 98.4% when compared to Tool B. Ultimately, this product 

could lower maintenance costs for the company as accurate measurements allow mechanics to make correct 

tension adjustments. Additionally, there exists the possibility of marketing this device to other automotive 

mechanics due to its low cost and high accuracy. This could create additional profits and lower maintenance 

costs for a wider audience. 
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Abstract: 

Prolonged standing has been prevalent in many occupations, while surgeons have particularly suffered from 
adverse health issues associated with it, such as lower back pain. While researchers have proposed some 
interventions, limited efforts have been focused on finding the unconstrained standing patterns of surgeons 
and job-specific applications of the interventions. The objective of this study is to determine the standing 
related metrics in unconstrained prolonged standing and identify the impact of job-specific roles in surgeon’s 
standing patterns. Data was collected in the operating rooms using a pressure mat. Pre- and post-discomfort 
surveys were collected from each surgeon, and surgeons stood on the pressure mat during surgeries. A total 
of 16 exposures (M=136.4 mins, SD=41.0 mins), consisting of 9 attending and 7 assisting surgeons, were 
analyzed. The data was processed by the MATLAB algorithm, and the outputs were analyzed to increase the 
accuracy for each exposure. Initial results were produced based on %over the mat, frequency of shifts, and 
average shifts per minute for each surgeon. Preliminary results have revealed that there were differences in 
the standing patterns between attending and assisting surgeons. As a result, we identified two standing 
related metrics, frequency of shifts and average shifts per minute, that can be used to monitor the levels of 
discomfort and related health impacts on surgeons. As further analysis will be conducted, more standing 
related metrics will be identified, differences in unconstrained standing patterns will be characterized, and job 
specific interventions will be implied.
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Abstract: 

The purpose of this research team is to determine the relative efficiency of a wireless charger when compared 

to a normal wired charger, as well as measuring the radiated emissions of a wireless charger, and finding 

whether it is compliant to FCC standards. To determine this, the wireless charger output was measured with 

the spectrum analyzer while the charger was turned off to find the radiated emissions floor. The charger was 

then powered with a phone charging. The output of the wireless charger was measured with the spectrum 

analyzer using an inductive loop that was created and calibrated by comparison to near field probe gain. This 

was placed against the surface of the wireless charger measuring in db/μV. The charger was, subsequently, 

tested through the spectrum analyzer while no phone was charging. The observed amplitudes of the two cases 

were compared to FCC compliance standards. Each of the peaks of the measured signal was above the 

60db/μV, per FCC near field compliance. With no load the wireless charger pulses making averaging 

necessary. Lastly, a dead phone was fully charged by the wireless charger and this charging time was 

compared to the time it took a dead phone to be fully charged by a wired charger with the same input power. It 

was concluded that the wireless charger was much less efficient than the wired charger. The device exceeded 

FCC limits for near field radiated emissions compliance in cases when the wireless charger was powered. 

Mentor(s): 

Barrett Robinson, College of Engineering 



Project’s College: College of Engineering Category: Mathematical/Computation Sciences 

Poster Presentation 

Title: 

Modeling Stocks and Flows of Consumer Electronics in Households 

Authors: 

Kendall Cuddy, College of Engineering 

Abstract: 

Recovery of used electronic devices, including cell phones, could have significant environmental benefits, 

including reduced energy use and greenhouse gas emissions. Thus, it is important to characterize the flows of 

these devices through consumers, and to model how they are disposed of, reused, or stored in U.S. 

households. The purpose of this project was to model the effects of different political, social, and economic 

scenarios on an existing systems model for the flow of cell phones in U.S. households from 2000-2023, and 

analyze how these scenarios influence the stocks and flows of the model. To develop these scenarios, a 

literature review was conducted to understand current laws related to electronic waste disposal, the effects of 

these laws, and to identify social and economic factors that could influence behaviors and patterns of cell 

phone reuse, recycling, or storage in U.S. households. A sensitivity analysis was also conducted on the current 

STELLA systems model to identify the flows with the greatest impact on the result of the stocks over the 23 

years. Five scenarios were developed and tested, with three leading to a greater increase in reuse of cell 

phones and two leading to a greater instance of recycling, while both reduced the amount of phones stored in 

U.S. households. The broader environmental implications of the five scenarios were also analyzed. 
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Abstract: 

Retracted. 
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Abstract: 

Evictions are a serious risk for households facing extended unemployment during the COVID-19 pandemic. In 

May, Indiana Governor Eric Holcomb issued an executive order to protect renters from eviction and foreclosure 

actions. After the executive order ended on August 14th, eviction proceedings were allowed to continue until 

the Centers for Disease Control (CDC) issued a national halt of residential evictions on September 4, 2020. 

Assuming no additional stimulus spending, the economic-research firm Moody’s Analytics estimates that 12.8 

million Americans would owe an average of $5,400 from missed payments. There is a limited amount of 

information on evictions during the COVID-19 pandemic in Tippecanoe County. Data from the Tippecanoe 

County Fourth Superior Court was collected and analyzed to address this gap in knowledge. The data was 

analyzed and visualized using the Python programming language and the statistical software Minitab, and 

evictions were mapped by integrating the data between Google Drive and Maps to identify geographic trends 

within Tippecanoe County. 

The study has revealed that court costs and debt of the plaintiff in eviction trials has significantly increased 

from 2019 to 2020. A preliminary temporal comparison between 2020 and 2019 revealed a 59.4% increase in 

the total number of evictions and a 97% increase in average rent owed. This provides a comparative 

benchmark for the city at a juxtaposition of normal and pandemic-inflicted economic environments. The 

average rent owed by renters in Tippecanoe County of $2,802 remains below Moody’s national estimated 

average of $5,400. This data provides valuable insight to government officials and those affected by evictions. 
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Abstract: 

Self-driving cars are a rapidly developing technology that has the potential of transforming the transportation 

industry by increasing the safety, efficiency, and accessibility. Some of the tasks that a self-driving car needs to 

accomplish include planning paths and motions through a dynamic environment with many other cars and 

pedestrians and being able to follow the planned path. The objective of this research is to create and test an 

autonomous driving algorithm which performs motion planning and control of the vehicle in the high speed 

racing environment of the Indy Autonomous Challenge (IAC) to make the self-driving car faster and more 

reliable at high speeds. AirSim, a well-known car simulation plugin for the Unreal Engine, was used to tackle 

tasks like PID control of a high speed car and dynamic trajectory generation for overtaking slow moving and 

cooperative cars nearby. Developing and testing autonomous vehicle algorithms tailored to a racing 

environment that pushes the limits of the car will provide important insights about how to make the road going 

self-driving cars faster and safer. 
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Abstract: 

In response to the hazards of covid19, a Disinfecting Robotics team aims to design a robot that utilizes network 

biosensors and UV to quickly sterilize in public places and reduce people’s infection by the coronavirus. This 

sub-team named OHM has designed a base for the indoor disinfecting robot system, which is mainly used for 

spraying disinfection of indoor public places, especially some secluded areas that are not easily accessible 

manually and thus have safety risks, so as to effectively prevent the transmission of Covid-19 and other 

bacterial viruses. The robot is equipped with two 360° rotating cameras to track the flight path and disinfected 

areas in real-time. In addition, the team uses computer vision technology to lock the disinfection object. 

Therefore, the robot has a wider range of disinfection than traditional land disinfecting robots, and it is not 

limited by time and can reach any place indoors compared to manual disinfection, which has greatly improved 

the efficiency of disinfection. 
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Abstract: 

The SWARM Simulation platform provides a collaborative system to design, implement, and evaluate multi-

agent (drone swarm) control algorithms. SWARM combines advancements in cloud-computing infrastructure, 

autonomous agent control, and web-based applications to deliver an innovative algorithm design and 

evaluation portal. By leveraging the power of Amazon Web Services, SWARM is a scalable, realistic and user-

friendly simulator, which enables academic researchers and industry partners from around the world to 

collaboratively develop and test new swarm algorithms. Through the addition of pre-built scenarios, specific 

control algorithms can be designed and evaluated, thereby establishing a common benchmark for the robotics 

and control systems communities to create specific tools, techniques and procedures for autonomous 

collaboration and control. Simplified user-interfaces are provided through a web-based application, allowing for 

the generation of complex control algorithms through simple dialog boxes. For each simulation, a set of 

predefined algorithms for basic drone swarm control methods are provided, such as obstacle avoidance and 

path planning. Upon completion of a simulation, a data analysis toolbox provides users with a robust platform 

to evaluate the performance of their algorithms, along with a detailed report of overall performance. With input 

from top researchers in the automatic controls field at Purdue University, additional features are currently being 

designed and incorporated into SWARM to support expanded capabilities to conduct research. In the near 

future, a collaborative space will be provided for researchers at multiple institutions to share research, 

collaborate on specific solutions to provided scenarios, and allow for the incorporation of real-world test beds. 
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Abstract: 

The purpose of this analysis is to demonstrate the validity and usefulness of a rapid throughput test model 

(RTTM) used to perform verification testing of device features or assembly. RTTMs inform iterative device 

design by allowing researchers to quickly evaluate prototype devices. Two RTTMs were evaluated; due to the 

proprietary nature of the projects, the relevant devices will only be referred to as an “insertion device” that 

underwent formative testing and a “surgical extraction device” that had a procedure model. Each method of 

testing – the formative tests and the procedure model – was reviewed, and the protocols and subsequent data 

were compared against literature, physician interviews, mathematical predictions, and outputs of state-of-the-

art (SotA) instruments. This review determined that both RTTMs were derived from multiple sources in the 

relevant fields, and data that resulted from device testing aligned with expectations. Thus, the RTTMs 

outputted relevant and useful information. An RTTM that is deemed useful can confirm predictions about 

prototype device performance and additionally provide proof-of-concept data for novel applications. Additional 

new features can be tested if the RTTM is reliable and returns useful data, so validation of the RTTM is 

imperative. 
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Abstract: 

The most recent chips that the SoCET team has produced have not included any peripherals for wireless 

communication, a feature which tends to be a staple on most modern microcontrollers. The benefit of including 

wireless communication to one of the SoCET chip is the capability to involve our chip on projects related to IoT 

devices. The glaring challenge to wireless communication being implemented by a team of undergraduates is 

the required mixed signal analysis and the complex analog design required. The plan of action is to first 

develop an FM wireless radio, which is not in itself an insignificant addition to the current design. This FM 

wireless radio will act as the base or the building block for developing an integrated Wi-Fi module to be 

fabricated using the MIT Lincoln Labs 90nm FDSOI process design kit; the size of the technology node 

influenced the design’s target bandwidth. The mixed signal portion involves a level of digital signal processing 

including modulation/demodulation and filtering the received wireless signal. To verify the digital logic carrying 

out the DSP tasks, a software defined radio (SDR) is used for validation of the digital logic and will be paired 

with an FPGA before fabrication. Some of the analog pieces that we are planning to design include a low noise 

amplifier, power amplifier, and a mixer. These pieces will be simulated with and without parasitic capacitances 

and will be LVS and DRC verified before fabrication. Once mounted on PCB, communication will be verified 

using the SDR it was prototyped with. 
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Abstract: 

Up until the recent past, in order to develop new chips, an individual or group would have to pay or obtain a 

private license to obtain the tools to even set about being able to manufacture their own chip and create their 

design. However, with the release of the SkyWater Open Source PDK (Process Development Kit) and the 

OpenROAD project, essentially anybody will be able to create a manufacturable design, and also share it for 

others to either use or build off in the essence of greater collaboration which will hopefully provide more unique 

insight and development for the field.  

The main difference with the SkyWater PDK in comparison with similar EDA tools such as Cadence or 

Synopsis, is the fact that the design flow process is now much more publicly available such that costly 

individual licenses don’t need to be obtained, and easier, being fully automated with customizable options in 

comparison with multiple steps that one must follow.  

Given the SkyWater release and in collaboration with efabless, the SoCET team has been preparing for a Nov. 

30th tape-out with our latest design, hoping to participate and have our design manufactured in an Open 

Source Shuttle program. Utilizing the new SkyWater PDK, some of the changes to the design will include the 

latest developments since the team’s last tape-out, which include an on-chip SRAM implemented through the 

use of the OpenRAM compiler given with the PDK, 48 different bumps for I/O, and the addition of an I2C 

Peripheral to our design. 
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Abstract: 

With the advent of digital systems, the proliferation of using software solutions to replace historically hardware-

based systems has made aircraft, especially those of Part 121 commercial aviation, much more complex. Root 

Cause Analysis (RCA) of complex systems is a lengthy and highly expensive process due to: (1) current 

method limitations which are exceedingly manual and largely based on heuristics, (2) nuisance faults (alerts 

where the system erroneously detects a failure which has not occurred) obscure the underlying failure. The 

inability to diagnose failures is a major safety concern (airlines typically find workarounds and lean on 

redundancy instead of solving the root cause), and incurs significant costs to airlines and manufacturers. Our 

research seeks to address the issues presented by applying Monte Carlo Simulation and Supervised Learning 

to automate RCA and identification of nuisance faults. We applied Monte Carlo Simulation to a fuel tank model 

in Simulink, creating a validated training dataset of failure and failure-free simulation runs. Inputting the training 

dataset into the Classification Learner in Matlab created several models, using Supervised Learning algorithms 

including k-Nearest Neighbors and Logistic Regression. These models were applied to test datasets to detect 

failure and identify failing component(s) and potential nuisance faults. Comparison of different models built a 

framework to inform future autonomous RCA systems’ design. Automating diagnosis in aerospace would 

significantly decrease cost to airlines and manufacturers by preventing delays and cancelations and 

dramatically improve aviation safety by identifying underlying issues more rapidly.  
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Abstract: 

The purpose of this experiment was to find a correlation between conducted emissions of a desktop gaming 

PC with the clock rate and program load of its CPU. Conducted emissions tests were performed according to 

test specifications and frequency ranges in ANSI C63.4, using class B conducted limits with an additional test 

range from 30 MHz to 5 GHz. First a test was run with no power to the PC to establish the conducted 

emissions floor of the room. Then tests were run with the CPU running with each of the following modes: 

Silent, Balanced, and Enhanced Performance. The clock speed in each mode was 2.2 GHz, 4 GHz, 4 GHz 

respectively, and two games were run for the duration to add load to the CPU. Images and “.csv” data files 

were saved for each waveform observed using a Keysight frequency analyzer. In the 0.15 to 30 MHz 

frequency range the device did not exceed class B limits, and changing the clock rate caused little variance in 

observable emissions. In the 30 MHz to 5 GHz range peaks tended to appear near the clock rate of the 

system, and the emissions level was higher with higher clock rate settings. Additionally, most components of 

the PC operate within the 2 to 4 GHz range. Therefore, any emissions observed in this range is likely to be 

generated by the PC. FCC compliance limits are not specified past 30 MHz, so manufacturers are not 

incentivized to reduce emissions at higher frequencies. 
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Abstract: 

With increasing financial, technological, and legislative pressure on the healthcare field, it becomes paramount 

to have the proper infrastructure to support the rapid expansion of scientific knowledge, speed of technological 

development, and digitization of healthcare data. There are many opportunities for automation within 

healthcare to optimize work processes, reduce costs, and increase quality of healthcare service, patient safety, 

customer care experience, and both the efficiency and efficacy of project implementations. This research study 

serves as a systematic literature review of existing publications on trends surrounding the topic of healthcare 

automation. Content, co-citation, and bibliometric analysis were conducted utilizing tools including Harzing’s 

Publish and Perish, VOS Viewer, MAXQDA, Web of Science, Vicinitas, and AuthorMapper, allowing for the 

examination of emerging trends and engagements in the field. Literature reviews conducted within this study 

outlines the framework for content analysis and expands on the role automated systems could lead to better 

collection, storage, and use of healthcare data as well as protection of its availability, accuracy, integrity, and 

security. Advancements within the field of healthcare automation hold the promise of empowering clinicians at 

the point of care and of a more efficient and effective healthcare system that draws upon reliable and accurate 

data. 
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Abstract: 

As digital communication technologies become more advanced with 5G networks and beyond, the same focus 

remains: to successfully encode and transmit a signal and achieve high accuracy in receiving and decoding 

received data. While more advanced technology can transmit data at much faster rates, problems caused by 

noise and other interference remain. We will investigate techniques to maximize data rates and minimize bit 

error rates of a digital communication system. 

A simple digital communication system was implemented in MATLAB to help visualize various effects of real 

communication systems including additive noise, fast channel fading, and multipath fading, etc. We start by 

defining basic parameters such as symbol rate, sampling rate, number of samples per symbol, modulation 

scheme, and a pulse shaping filter and its corresponding matched filter. We incrementally modified features of 

this communication system to improve performance, defined as a function of data rates and bit error rates 

associated with this communication system. We also looked into practical considerations of symbol detection 

and frame synchronization by defining an appropriate packet structure and using methods such as energy 

detection. In addition, we explored advanced methods used in standards like 4G/5G including Orthogonal 

Frequency Division Multiplexing (OFDM) and use of Multiple Input Multiple Output (MIMO) systems. We aim to 

define sources of noise and interference in the channel between the transmitter and receiver to simulate 

performance of the communication system as we incorporate different features. Future work includes 

implementing the digital communication system using software-defined radios and investigating practical 

considerations. 
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Abstract: 

The Dairy Industry is a critical aspect of agriculture as it is a billion-dollar industry. This industry makes the U.S. 

the world's largest producer and second largest exporter of beef and dairy according to the United States 

Department of Agriculture. Needless to say, a cow’s well-being is paramount to the survival of this industry. 

However, contagious diseases pose a major threat and have been known to decimate dairy farms. Therefore, 

farmers must identify infected animals from the healthy ones. In addition, it must be done in a quick and 

efficient manner. One method to solve this issue is by using a visual tracking method. An animal’s behaviors 

can be visualized, and thus, visual tracking methods can be used to determine diseased riddled animals. 

Specifically, we will use MASK R-CNN and SORT, existing frameworks, to track cows. Our extension includes 

re-training the model to only track cows so that the accuracy of tracking cows increases and extend the 

framework to track on videos instead of a single image. 
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Abstract: 

Smart and wireless devices are creating a more connected and data-driven world each day. Interconnectivity 

comes at a cost, though, as the frequency spectrum will not be able to support the massively increasing data 

demand as it is. 5G is vital in supporting this growth because it will maximize spectral efficiency and capacity. 

Whereas typical cellular standards utilize the sub-6GHz frequency band, 5G looks to use millimeter wave 

(mmWave) frequencies. 5G carries great design challenges. Namely, mmWave signals attenuate severely and 

rely on large antenna arrays to perform directional beamforming to maintain sufficient power. Additionally, 

multi-hop networks will be required to route data to stations with access to the core network. Processing at 

network relay stations can introduce undesirable delay, so any relay operations should be designed as low-

latency as possible. One solution to increase throughput is to operate in full-duplex (FD) mode, which involves 

transmitting and receiving simultaneously at a station. This in theory doubles the data rate, but is constrained 

practically by electromagnetic self-interference. 

This research seeks to develop low-latency mmWave multi-hop networks.. Primarily, it explores and develops 

beamforming algorithms and strategies for FD specifically tailored to the mmWave channel. A testbed is built in 

MATLAB to model a multi-hop communication system with mmWave channel characteristics and self-

interference. A combination of beamforming and self-interference suppression tactics are employed and 

compared on latency and signal-to-noise ratio. This model will then be used to understand the optimum 

configuration between beamforming and self-interference suppression tactics.  
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Abstract: 

Our work for this project is to come up with a prototype of SAFE architected by Dr. David Mayhew, CTO of 

Universant Processors. Computer security has become increasingly important with various vulnerabilities and 

exploits found periodically in kernel and application software based on attacks such as buffer and heap 

overflow attacks, side-channel attacks, privilege escalation attacks, and packet sniffing attacks in network 

systems. These inherently software problems cannot be patched by software alone for it is like adding fuel to 

fire. The only way to solve this would be to make use of hardware-enforced containerization and segmentation 

using a redefined memory model. This is where Dr. Mayhew's SAFE model comes in. It preserves existing 

computer architecture models but modifies the memory model from the L1 cache up to the hard-disk drive. It 

completely replaces the microkernel found in modern operating systems with cache-based hardware 

containerization technology. It has a Process Management Unit (PMU) that is in charge of messaging and 

scheduling, a Secure-Networking Engine (SNE) that replaces the conventional networking stack with socket-

based communication at the physical transport layer, a Cache Hierarchy (CH) that is a hardware-memory 

management system and a Last-Level Store (LLS) that is a pseudonym for a hard-disk drive. It preserves 

application software by translating OS syscalls that normally invoke a software kernel in modern operating 

systems with a SAFE adaptation layer that replaces them with SAFE-compliant signals. This preserves legacy 

software and processor architectures and enforces maximal computer security. 
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Abstract: 

The purpose of this project is to enable a robot designed to disinfect public spaces to upload data to an online 

database. This can be combined with Grafana to make the data easily accessible. The code will be 

constructed in Python and executed by the robot using the Robot Operating System (ROS). One section of the 

code subscribes to the node containing electrical data. The data is then used in a callback function, which runs 

every time new values are received from the node containing the electrical data. These values are uploaded to 

a MySQL database. Currently, the code can upload electrical data to the database. When combined with 

Grafana, other people can easily view this data for multiple robots. The battery voltage allows viewers to 

quickly estimate the battery’s charge, and other useful variables such as location and velocity can be 

implemented. 
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Abstract: 

Computer vision researchers in the area of image inpainting have demonstrated success in designing deep 

learning models (i.e., neural networks) that learn to fill in missing pixels in an image. However, while the 

models might be able to predict missing pixels, there is no indication that the models actually understand the 

higher-level semantics of the image. We ask a more knowledge-driven question, which is: Can a model learn 

to identify the object in an image when the object is partly occluded in the image? This research will have 

impacts on the community in two ways. Firstly, we hope to gain more insights into how neural networks gain 

knowledge from data. Secondly, this research will help scientists develop more robust models against 

occluded images. Such models are growing in importance for applications such as autonomous vehicles, 

which utilize cameras and deep learning models to understand vehicle surroundings. 
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Abstract: 

This “Airline-style” search project accesses and merges results from the databases of multiple online websites. 

These databases are from different countries and contain information about their geological formations. We 

have partnered with different organizations in India and China to allow easy upload and access of different 

geological formations across different periods. Our general search page is an extension of the Timescale 

Creator website allowing users to compare multiple formations across regions (currently China and India; and 

soon to add British Isles) for different time periods. Previously, we had a feature that allowed users to search 

through one database. With the general search page, the user enters any combination of the time period, 

country and part of a formation name (or "all" as the default for all 3 parameters). Using PHP in conjunction 

with HTML/CSS we were able to request the appropriate information from the multiple databases, and create a 

user-friendly output page grouping the formations by provinces within each region.  

We are now working with the British Geological Survey to add their database; and then attach geographic-

extent, age-span and rock type. That combination will enable a user to directly transfer their general search 

data to the Australian GPlate system for displaying results onto ancient reconstructions of the Earth's surface. 

This would greatly improve accessibility to historical geological data for geologists. The goal is to expand this 

project to include more regions, such as the Americas and the rest of Asia. Ultimately, this website will 

encourage uncovering of past trends and will serve as an innovative education tool to inform students and 

aspiring geologists.  
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Abstract: 

City and regional planners have utilized community indicators for more than 100 years to measure the 

interdependence of social, environmental, and economic inputs that influence a community’s well-being. 

Collaborators seeking this type of community information, notably in the north-end region of Lafayette, Indiana, 

often structure indicator projects utilizing prohibitive, manual, and labor-intensive analysis processes. These 

practices keep not only Lafeyette but cities worldwide from implementing true community indicator systems. 

Do these hands-on, non-autonomous methods of study provide accurate, consistent, and efficient outcomes? 

In what ways can our data be quantitatively analyzed using automated, software-aided approaches? These are 

the types of questions addressed within this project as we examine specific community indicators to provide 

adaptive recommendations to the increasingly impoverished, suffering region of Indiana. The plan is to mitigate 

the current labor-intensive reality by creating an automated system that will result in the city receiving up-to-

date data and analysis that will assist them in formulating optimal decisions about existing and future economic 

and community development initiatives. 

Researchers are partnering with the city of Lafayette in developing automated processes to evaluate project 

performance through scripted, autonomous community indicator reporting. These community indices include 

economic indicators such as household income, unemployment, type and quality of jobs, and cost of living. 

Through accessing and statistically analyzing city information databases, researchers are gauging the 

effectiveness and necessity for community projects. These results will continuously and positively impact the 

outcomes of the decisions our partners commit to concerning the well-being of its members. 
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Abstract: 

Deep Reinforcement Learning has been successfully applied in various computer games. However, it is still 

rarely used in real-world applications, especially for the navigation and continuous control of real mobile robots. 

The purpose of this project is to create an autonomous robot that will use deep learning reinforcement to 

analyze and maneuver the environment. Currently, the project is still in the research phase. The team will 

research machine learning and convolution neural network methods to develop a model that will be able to 

navigate an indoor environment. To meet this goal the team will research different path planning algorithms 

and reward systems that we can integrate into the model in order to get the most accurate results. 
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Abstract: 

We propose a dataset designed for tracking and object detection in which the data is captured from multiple 

drones simultaneously. Existing datasets do not allow for the ability to analyze the data from different 

viewpoints, which can be very useful for problems like tracking, counting, and re-identification. Our dataset is 

created by using drones to record multiple people interacting with numerous objects while changing positions 

in an outdoor environment. The people's movements in the frame are planning out so we can adjust the 

difficulty of tracking. Multiple drones are used to film each scene, varying flight elevations, and different flight 

patterns. The scenes feature various movements, unique clothing, and a wide range of colors. The video 

sequences are annotated with bounding boxes, and the main two object classes present in the dataset are 

people and balls. Each person and ball is annotated with a unique label to allow for re-identification and 

tracking of each person and ball. 
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Abstract: 

The purpose of this project is to record and visualize 3D image data in Virtual Reality. This project explores 

capturing 3D data using existing hardware, transferring that data into Unity 3D modeling software, and 

uploading the resulting 3D mesh into Virtual Reality hardware, such as the Oculus Quest system. To meet this 

goal, the team will capture images using the XYZT lab’s 3D camera/projector system, encode this data using 

the lab’s software, convert the data into a format readable in C# to allow the data to be visualized by Unity, and 

present those images in a 3D virtual space by uploading the Unity visualization to Virtual Reality hardware. 

This is the first step toward achieving the overarching goal of being able to apply the same process with video 

data, instead of a single image. This could have a variety of impacts, including the transition of virtual meeting 

platforms such as Zoom or WebEx from 2D videos to 3D. 
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Abstract: 

This project focuses on developing a sensor system to prevent falls in elderly patients. In particular, this project 

aims to detect when a person exits the bed, which is useful since, in most hospitals, various factors could 

result in a patient’s injury, such as injections, pre-medications, tube connections, and falls. To increase our 

network’s accuracy, the patients’ skeletal positions were detected by a Mask R-CNN algorithm. The patient’s 

sitting position is detected by combining the detection result of the patient’s skeletal position and the detection 

result of the bed position. We used only three of the fourteen body points (neck, left hip, and right hip) detected 

by the algorithm and four points that indicate the four corners of the bed for each training sample to determine 

whether the patients were currently getting up or staying in bed. Our team plans to use a novel approach to 

predict patient movement by using a Convolutional Neural Network (CNN) instead of a fully connected neural 

network. To improve the previous model’s results, our model will identify a patient’s sitting position using a 

labeled training data set of a person’s skeletal positions as its input. This contrasts with the first approach that 

only used selected points of the body to predict patient movement. Using a CNN, we hope to achieve a 75-

80% accuracy on a patient’s movement. This network type would allow us to encode specific properties into 

the architecture and vastly reduce the network’s number of parameters. After applying overfitting techniques 

and tuning our hyper-parameters, we hope to achieve a higher testing accuracy and a more efficient model to 

decrease the likelihood of injuries that could have been avoided. 
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Abstract: 

Forest inventory is performed manually around the world. Previous efforts of this team have made 

breakthroughs in the use of stereoscopic photogrammetry for tree diameter measurements, making forest 

inventory much more efficient and effective. Our recent work focused on another important attribute of 

individual trees: the height of the first branch. In this study, a stereo camera was carried through a plot to 

record video footage and concurrently generate a point cloud for all target trees. Our algorithm identifies a tree 

and its lowest branch with a high rate of success (93%). Height to the lowest branch is useful for calculating 

merchantable log volume. Our future work includes the measurement of tree diameters at different heights 

below the first branch to estimate stem taper and calculation of the volume of timber in a tree based on video 

obtained through stereoscopic photogrammetry. 
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Abstract: 

A group of graduate and undergraduate students is taking on the Indy Autonomous Challenge (IAC). This 

challenge requires teams to perfect an autonomous driving algorithm for an Indy Lights Dallara to race at the 

Indiana Motor Speedway against other collegiate teams across the globe. Although low to mid-speed 

autonomous driving has become the focus of many industry and academic studies, high-speed autonomous 

driving presents new challenges. This team looks to simulate vehicle dynamics at high speeds to predict faster 

race lines and safer trajectories. The team is comprised of ten undergraduate researchers organized by the 

AMP VIP course. The team split into two teams of five to study lateral and longitudinal vehicle dynamics. The 

lateral vehicle dynamics team used a bicycle model assumption to simplify the dynamics of a vehicle and used 

MATLAB to compute vehicle response at given speeds and yaw rates. The longitudinal vehicle dynamics team 

developed a powertrain model to output the RPM, torque, and throttle percentage at a given speed. Future 

work includes looking into more advanced and accurate methods of modeling vehicle dynamics to produce 

more applicable results, as well as further research on the effects of high speeds on existing models. The 

project hopes to achieve a higher understanding of high-speed autonomous driving that can be applied in 

future stages of the Indy Autonomous Challenge. 
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Abstract: 

The size of transistor has been scaled down to few nanometers on account of the scientific enhancements in 

the fields of semiconductor. Semi-classical transport theory no longer describes the behaviors of carriers due 

to quantum effects. It is necessary to build a quantum transport simulator with a user-friendly graphical user 

interface (GUI) to easily understand the operating principles of nano-transistors. The purpose of our research 

is to build and upgrade the simulator that will offer a straightforward way for people to design their own 

nanowire transistors with different types and investigate the underlying physics. The simulator will be enhanced 

by constructing a new device structure which will enable the circular nanowire. This improvement will let the 

users to run the simulator with not only the rectangular nanowire but also with the circular nanowire. 

Mentor(s): 

Gerhard Klimeck, College of Engineering 



Project’s College: College of Engineering Category: Mathematical/Computation Sciences 

Poster Presentation 

Title: 

Data Analytics for Smart Cities 

Authors: 

Nikkhil Vijaya Sankar, College of Engineering 

Abstract: 

Every year devastating events such as natural disasters happen that leave city infrastructure in ruins. When 

devastating events occur surveyors are sent out to record the damage to building infrastructure. Frequently, 

these surveyors record their findings by writing things down relating to the damage, for example, “Damage 

Level” is often written down with a specified level. It takes a very long time to analyze the data recorded as it is 

not recorded in a central computer database but instead on paper forms. Additionally, the data recorded can 

vary greatly from person to person making it difficult for a computer to interpret. The team’s solution to this 

problem is to modify an existing end-to-end Natural Language Processing (NLP) architecture which will be able 

to both locate the recorded information on an image of the destruction reports as well as recognize the text 

meaning. This solution will decrease the time required to review recorded information in the destruction reports 

because a computer will be able to do it automatically and output the results in a readable format. Currently, 

the implemented solution is able to clean the image files provided and locate as well as recognize the words 

seen in an image by using Python's Tesseract Model. The implementation performs best with computer text 

and we are currently training the ocr model for handwritten information. With the solution the analysis of 

destruction reports will become much faster and help will be delivered to the struggling areas much quicker.  
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Abstract: 

This semester we are working with 3D image processing and analysis. Our goal is to scan a video of the hand 

and relate it to how muscles move when our fingers move. This can be very useful to learn how human hands 

work and implement this in various applications such as physiotherapy for people with wrist or finger injuries. 

This project will be entirely done using MATLAB and can be translated to other languages if needed. We are 

currently working on the 2D version of the project to learn about concepts like noise reduction and to 

successfully implement the same with 3D data. We aim to deliver a software that can process 3D data and 

recognize hand gestures. The major goal is to work on noise reduction in 2D and try to incorporate with 3D 

data. We hope to achieve finger counts for still 3D captures in our final deliverable. 
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Abstract: 

As machine learning enters more diverse industries, there is a need to reduce the computational power 

required to run machine learning models. Sparsity aware Core Extensions (SparCE) take advantage of zeros 

in machine learning models, a common aspect of convolutional neural networks (CNNs). Sen (2017) found 

SparCE optimizations have an average of 19-31% reduction in application-level execution time and a 17-29% 

reduction in overall power consumption. This work will add support for these SparCE optimization into the 

LLVM compiler. This study uses machine code passes to identify instructions that may have sparsity and loads 

the proper information such that the SparCE optimization can be utilized. We plan to validate the functionality 

of LLVM by using a CPU Tracker to help identify if instructions were skipped. Our implementation can be used 

by future programmers to create applications which utilize SparCE. Future studies can use this platform to add 

further functionality and optimizations to the LLVM compiler. 
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Abstract: 

As a part of our summer internship, we decided to investigate the business operations of CATME: Smarter 

teamwork which is a non-profit recharge center business housed in the College of Engineering at Purdue 

University. CATME provides team formation, peer evaluation and teamwork training tools to over 7,000 

instructors and 150,000 students per month. The goal of our investigation was to optimize business operations 

by understanding the patterns in customer usage, survey creation and website efficiency. We then used this 

data to identify areas of concern, forecast future growth and provide recommendations of successful marketing 

strategies. We observed data over different timelines based on weekly, monthly, quarterly and yearly usage 

and compared it to the organization's performance in previous periods. We created a data base by collecting 

information from Google and YouTube Analytics, our production site and internal reports. We refined this data 

based on significance of the variables to identify the Key Performance Indicators (KPIs) about CATME to help 

make better financial, operational and strategic decisions. We concluded that our most significant KPI’s were 

rate of survey creation, changes in distribution of consumer base and consumer feedback. The final product of 

this process was a formal report called “Dashboard Report”, which contains summarized data tables, their 

graphical representation and an analysis summary. This report will now be produced on a monthly basis to 

keep track of the developments in the organization and provide updated recommendation. 
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Abstract: 

The purpose of this research was to investigate quality-of-life indicators from the perspectives of local residents 

in the Lincoln neighborhood in Lafayette, IN. Our core research question was “How do Lincoln Neighborhood 

residents describe their well-being?” using Veenhoven’s Four Qualities-of-Life framework to guide our study. 

We conducted qualitative research to collect our data. Specifically, we completed in-depth interviews with the 

residents. We then transcribed the recorded responses and analyzed the transcriptions using an inductive 

approach to determine common themes among the conversations. From this analysis, we found that a majority 

of the residents we interviewed wanted to increase the quality-of-life of the children in their neighborhood. 

These well-being concerns surrounded the desire for more supervision of the children since there is prevalent 

crime in the area, as well as wanting more positive role models in the children’s lives. Furthermore, we 

determined that a potential solution to these concerns would be to create a mentorship program at the Hartford 

Hub in the neighborhood. Purdue students would act as mentors for the children of the neighborhood and give 

them the support that they need to optimize their well-being. The goal of this program would be to increase the 

life-ability and appreciation of life of the children, which are directly connected to Veenhoven’s Quality-of-Life 

framework. In the future, we hope to begin the process of creating this mentorship program and continue to 

research how we can make it most effective for the children of the Lincoln neighborhood. 
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Abstract: 

Background. 4-H is the largest youth development program in the United States, serving over six million youth 

(Marczak, Becher, Olson, 2019). Despite its ubiquity, little research has been done to understand the 

experiences of autistic youth enrolled in 4-H. The purpose of the present study was to obtain data from Indiana 

parents of autistic children who have participated in 4-H to understand their experiences. 

Method. A web-based survey was implemented in REDCap to gather personal experience data from parents of 

autistic children who have participated in 4-H. Using a 5-point Likert Scale, parents were asked to rate their 

agreement with statements about inclusion and their child’s involvement in 4-H (1 = strongly agree to 5 = 

strongly disagree). 

Results. Of the 32 parents who completed the survey, 50.0% agreed that 4-H is accessible for families with 

autistic youth. 65.6% of parents strongly agreed that their autistic child is learning new skills by participating in 

4-H. Regardless of the positive view of 4-H, 59.4% of parents strongly agreed that they would feel more

comfortable about their child's participation if they knew club leaders/volunteers had been trained on inclusion

and autism.

Implications. The findings of this study indicate that while 4-H participation is beneficial for autistic youth, 

parents feel strongly about the need for 4-H club leaders/volunteers to receive comprehensive training on 

autism and disability inclusion. Findings from this analysis will be used to inform the development of new 

training materials and supports for children on the autism spectrum participating in 4-H. 

M. Marczak, E.H. Becher, P. Olson, Credible and Actionable Evidence Across Extension Program Areas: A

Case Example, Journal of Human Sciences and Extension, 7 (2) (2019), pp. 108-123
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Abstract: 

Background. Impairments in social communication and social interaction are characteristics of individuals with 

autism spectrum disorder (ASD) (American Psychiatric Association, 2013). There is evidence of an inverse 

relationship between speech and looking at faces in children with autism (Hobson et al., 1998). This pilot study 

aims to examine the relationship between visual sampling of social partners and speech in children with ASD.  

Method. Participants were eight children with ASD ages 10 to 12 years (M = 11.3, SD = 0.87). Participants 

wore GoPro cameras on their heads while interacting in groups with 2-4 peers. Sessions involved social skills 

lessons that were either in small (2-3 participants) or whole group format. Visual sampling includes duration 

when faces of peers entered participants’ visual fields (i.e., visible in the video frame). Speech production was 

also coded during the session. Pragmatic skills were measured via parent report using the Children’s 

Communication Checklist 2 (CCC-2).  

Results. Initial analyses indicate that there may be a negative association between speech production and 

visual sampling of faces (whole group r = -0.837, p = 0.077; small group r = -.422, p = .41). Pragmatic skills as 

measured with the CCC-2 was not significantly correlated with speech or visual sampling of faces (r = -.50-

.52). 

Implication. Results suggest a possible negative association between speech production and faces in the 

visual field for children with autism. Due to limitations with sample size, future analyses will examine patterns 

across time to better understand the relationship between visual sampling and speech production. 
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Abstract: 

Welding fumes are a mixture of metal oxide particles and gases containing hazardous metals such as 

Manganese and Chromium. Metal nanoparticles (&lt; 100 nm) are deposited within the respiratory tract 

following the occupational inhalation of fumes produced during welding, smelting, soldering, and laser cutting 

operations. This may result in a variety of potential cardiopulmonary health effects, including pneumonia. Metal 

inert gas (MIG) welding is widely used in manufacturing processes and heats a welding electrode, which 

generates vaporized metal nanoparticles. In this project, the respirable particle concentrations, mass 

concentrations, and geometric mean diameters of particles from MIG welding (location A) and non-welding 

(location B) units were measured. Personal and area samplings were conducted at both locations. For 

personal sampling, a respirable cyclone was attached to a cassette housing a mixed cellulose ester (MCE) 

filter. Area sampling was measured by a scanning mobility particle sizer and optical particle sizer 

approximately 5 meters away from the MIG welder. The mass concentrations of the respirable particle for the 

personal sampling at locations A and B yielded 3.618 mg/m^3 and 0.112 mg/m^3, respectively. The mass 

concentration of the respirable particle for the area sampling at locations A and B yielded 0.850 mg/m^3 and 

0.118 mg/m^3, respectively. The total particle concentration collected from location A was 5.1×10^4 

particles/cm^3 and location B was 2.0×10^4 particles/cm^3. The geometric mean diameters of the particles at 

locations A and B were 0.045 µm and 0.070 µm, respectively. These results will be useful for future toxicology 

studies regarding welding fume exposure. 
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Abstract: 

It is important to monitor early communication development in children developing at-risk to identify children 

who may benefit from targeted intervention. Parent mediated interventions (PMIs) are the current field standard 

for children under three and primarily include infants/toddlers with family histories of ASD and/or genetic 

syndromes, born preterm, and/or screen positives on developmental screeners. Currently, elevated risk PMI 

enrollment criteria rarely consider Adverse Childhood Experiences (ACEs) as explicit enrollment criteria. 

However, previous research demonstrates the detrimental effects of prenatal/perinatal drug exposure or 

maltreatment abuse/neglect have on later development. The present study will expand our understanding of 

social communication concerns in infants/toddlers with ACEs by characterizing communication skills in six 

distinct children with qualifying ACEs. 

As part of an ongoing PMI, six children with ACEs (5 drug exposure; 1 abuse/neglect) were assessed across 

parent-report and examiner administered social communication measures at enrollment (see Table 1). Overall, 

the children scored in the concerns range on at least one communication-specific domain (M = 3.33, Range = 

1-5), whereas children’s socialization-specific scores were within the expected range. With respect to ACE

type, the child from an abuse/neglect environment only scored below the expected range on one

communication domain, whereas the four children with recreational drug exposure received concerning scores

in 3-4 domains and the one child with prescription drug exposure received the highest number of concerns, 5.

Results summarized in Table 2. In sum, our preliminary investigation highlights evidence of communication-

specific concerns in children with varying ACEs that may inform ongoing PMI eligibility efforts.
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Abstract: 

This study investigates methods of analyzing body decomposition to determine the time from death until 

discovery, or the post-mortem interval (PMI). The purpose of this study was to examine established standards 

for PMI determination, analyze various factors affecting PMI determination, and evaluate the data utilized in the 

research publications reviewed. The study focused on the analysis of scholarly publications under three 

categories; 1. established methods for PMI determination; 2. variables affecting PMI determination; and 3. use 

of non-human decompositional data. The total body score (TBS) system is established as the standard for PMI 

determination in forensic entomology. However, the qualitative nature of the TBS system has raised questions 

about inter-rater validity of decomposition interpretation. This study also observed critical variables that 

surround PMI determination, including temperature, insect accessibility, humidity/aridity, and rainfall. While the 

variables had profound effects on the decomposition of the body, they are not comprehensively integrated into 

the TBS system. Finally, many of the research studies observed in this analysis make conclusions from non-

human decompositional data. While numerous studies have attempted to determine if animals are reliable 

substitutes for human decomposition, no singular conclusion exists. The complex nature of PMI determination 

is an obvious obstacle in the creation of a single comprehensive and standardized method. It is critical to 

research the effects of environmental variables on human decomposition, investigate for more accurate and 

ethical substitutes, and update established standards accordingly. 
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Abstract: 

In this literature review I examine different perspectives for the framing of transportation planning and policy. 

My goal is to understand the role of social equity and sustainability in shaping transportation planning and 

policy. Scholars demonstrate the key to longevity and efficient transportation is achieved when social equity is 

considered alongside sustainability. Social equity framing includes a focus on accessibility to the user which 

aims to better the quality of life for marginalized participants of society. The biases within the history of 

transportation, including race and socio-economic background, have caused rifts in peoples’ ability to access 

transportation equally. Future transportation planning should also tackle the misdirections and human-caused 

problems that have shaped past transportation planning. This review explains why the influence privileged 

persons exhibit in deciding the direction of initiatives is a vital obstacle in addressing what the priorities of 

transportation should be. In order for social equity framing to be successful, it requires significant public 

support to overcome the historical limitations of transportation policy, which have created haves and have-nots. 

This research is important because transportation planning needs to facilitate a better quality of life, 

environmentally and equitably speaking, for marginalized communities. 
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Abstract: 

In this literature review, I examine research on the adoption of electric vehicles and how it will impact 

marginalized communities. My goal is to understand (a) how the adoption of electric vehicles affects 

environmental sustainability in marginalized communities and (b) disparities between the people who have 

access to this new technology and those who do not. Scholars demonstrate understanding of the rise of 

electric vehicles but there is a lack of information about electric vehicles usage, which limits society’s 

adaptation to them. The research examines different policies and actions taken by organizations, from 

technology developers to policymakers, invested to push for electric vehicle usage, through the placement of 

charging stations to neighborly relations. The approaches policymakers and technology developers take differ 

due to the demographic of populations they are working with about environmental sustainability. This research 

is important because it demonstrates a lack of information and accessibility to electric vehicles within 

marginalized communities. To ensure disparities are addressed, it is important for policymakers to listen to and 

include marginalized voices in decision making about environmental sustainability. Having marginalized 

communities at the table helps the technology being placed within their communities be adapted to their lives 

and needs, instead of marginalizing them further.  
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Abstract: 

This project is an annotated bibliography exploring the intersection between antisemitism and feminism in the 

novel Spinning Silver by Naomi Novik. Novik exposes the antisemitic background of the traditional story 

“Rumpelstiltskin” by retelling the fairytale from an underrepresented perspective, that of a Jewish woman. She 

undermines many of the stereotypes surrounding Jewish women by representing the complexities of Jewish 

cultural identity, the strength of a female protagonist, and the power of storytelling. Novik brings to light 

pressing issues in the ways that Jewish women have been represented in the past, and the ways they are 

treated in the present. Considering the recent rise in antisemitic rhetoric in America, these themes are 

essential to explore within both historical and modern contexts.  

Keywords: antisemitism, feminism, fairytales, Naomi Novik, Spinning Silver 

 

Mentor(s): 

Derek Pacheco, College of Liberal Arts 



Project’s College: College of Pharmacy Category: Social Sciences/Humanities/Education 

Poster Presentation 

Title: 

Comparing the Community Well-Being of College Towns and Non-college Towns in Indiana 

Authors: 

Julia Kim, College of Pharmacy 

Lakshmi Galla, College of Science 

Abstract: 

We studied college towns and non-college towns in Indiana to discern the impact of colleges on community 

well-being. Through our research we are attempting to answer the question of whether there is a value in 

having higher education institutions in small towns in Indiana. We analyzed qualitative and quantitative data 

from Census and Sperling’s Best Places to see if there were any key differences in the economic, social, and 

health factors regarding well-being. We categorized towns as college towns or non-college towns and big-sized 

(We formed two categories of comparison: big-sized college towns vs big-sized non-college towns and 

medium-sized college towns vs medium-sized non-college towns.) Our results varied due to divergent city 

characteristics and factors apart from the college that can influence community well-being. The presence of 

higher education institutions had no significant impact on the economic and social measures of well-being. In 

terms of health measures, colleges in Indiana had a positive impact on their communities as the number of 

COVID-19 cases were lower in the college towns. Our research could have public policy implications if local or 

regional governments want to improve their relationship with colleges. We have also seen that there is a need 

for more well-being data to be collected in college towns in order to properly assess measures like arts & 

culture or civic engagement both of which are extensively mentioned in our literature review as benefits college 

towns provide towards community well-being. 
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Abstract: 

Galaxy clusters provide cosmic laboratories to study how the growth of galaxies is linked to large-scale 

environment. In cluster environment, it is well established that star formation activity declines much faster than 

average galaxies with cosmic time. My project is aimed at measuring the level of (dust-obscured) star 

formation in clusters using archival data taken with Herschel Space Observatory. I intend to mean-stack 

images of clusters and proto-clusters at low-to-mid redshifts (z's) to understand the aforementioned formation 

rate and model their growth as a function of mass and redshift. By using multi-wavelength flux measurements, 

I can form Spectral Energy Distributions (SEDs) that help infer these formation rates. I use data from NASA 

and ESA archives of Herschel/SPIRE missions for this analysis. For my test data, I selected clusters in the 

South Pole Telescope (SPT) region and the Massive and Distant Clusters of WISE Survey (MaDCoWs) 

(Gonzalez+18) available in the Herschel/SPIRE archives. After conducting pixel analysis to obtain a high 

signal-to-noise ratio (SNR) and using the various wavelength bands available, I will obtain the appropriate 

SEDs. I will then scale this process to a larger number of clusters. 
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Abstract: 

The XENON detector observes scintillation and ionization produced when particles interact with liquid XENON 

in a detector. The primary goal of the experiment is to search for excess interactions potentially caused by dark 

matter. The main goal of our project is to find out whether scintillation (S1) in Double Photoelectric Emission 

(DPE) region is signal-like or has additional background processes. In essence, we want to be able to 

analytically determine whether a recorded event is a DPE event or not. We utilized Python to develop code for 

data processing and plotting the waveform plot. In order to select data for comparing Single Photoelectric 

Emission (SPE) and DPE events, we narrowed down the dataset by an area interval to limit the data set to 

exclusively SPE and DPE events. We also limited the interquartile width of the waveform’s area to eliminate a 

large portion of odd events. By comparing plots of the averaged waveforms for SPE and potential DPE events, 

we found some events had an unexpected bump following the primary peak. We believe this to be afterplusing 

from the PMT. We calculated the proportion of the area after the main peak, which averages to 20% for DPE 

events and 18% for SPE events. We have also found pileup is not dominant when analyzing events. Our next 

step is to look at a wider range of widths in an attempt to broaden our dataset by accounting for the added area 

from the bump. 
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Abstract: 

Fatty acids are essential biomolecules present in all living organisms and play a crucial role in multiple 

metabolic pathways. They are defined as a carboxylic acid with a long aliphatic chain, typically contain an even 

number of carbons, and can be saturated or unsaturated. Mass spectrometry imaging (MSI) is a powerful and 

label-free technique for spatial characterization of lipids and metabolites. However, MSI is often unable to 

characterize the position of unsaturation in fatty acid chains or cis-trans isomerism without additional 

separation techniques. This unambiguous level of characterization may be important to our understanding of 

the role of specific fatty acids. Fatty acids have been reported to behave uniquely when introduced to dicationic 

metals which may help with identification and visualization. Furthermore, dicationic metals allow for charge 

inversion of fatty acids which expands the coverage of positive mode MSI. Herein, we report our ongoing 

investigation into the interactions of copper and copper- terpyridine complex with multiple fatty acids standards, 

and its possible application to mass spectrometry imaging. 
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Abstract: 

The purpose of our research to measure the accidental coincidence background of low s2 events within the 

detector. This was carried out over an academic semester by evaluating and analyzing data gathered from 

the Xenon1T experiment. Within the data, there are a multitude of events being captured by the detector. We 

focused on a specific type of event where there are is a S1 hit paired with low S2 hit. In order to focus on this 

event in the detector, pair cuts were applied to the data excluding cases such as lone S1 hit without S2 hit or 

2 S2 hits being present in our data. There are specific intervals of interest that are present in the S2 radii 

measured within the detector where the frequencies of the radii occurring are significant. 
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Abstract: 

African Americans in the United States are often exposed to discrimination and may experience adverse 

outcomes. Exposure to prolonged or severe discrimination may affect an individual’s perceptions of the control 

they have over events in their lives. Broadly, primary control beliefs (CBs) concern the extent to which one 

believes one can deal directly with an event to reduce its potential impact; secondary CBs, contrastingly, 

center on managing one’s response to an event (Heckhausen & Shulz, 2010). African American women and 

Chinese women report the highest levels of everyday discrimination (Lewis, 2011) and blacks report a lower 

sense of control than whites (Shaw & Krause, 2002). We hypothesized greater exposure to discrimination 

would be associated with greater prevalence of 2* CBs among African Americans compared to Whites. We 

also hypothesized religious participation or spirituality would moderate the association of exposure to 

discrimination with CBs. Data were from the second wave of the Midlife in the US (MIDUS) study (N = 3,997). 

Results of linear regression models (LRMs) showed blacks reported higher rates of 2* control when exposed to 

discrimination and had higher rates of 2* control compared to whites when moderated by religion, as 

hypothesized. When analyzing the relationship between race and 1* CBs, blacks were shown to have higher 

rates of 1* control than whites, which is something we would like to explore further. We also intend to continue 

analyzing the MIDUS data to assess the results of other discrimination types (age, sex, etc). 
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Abstract: 

Dark matter is speculated to make up about 85% of all the matter in the universe. Although the scientific 

community is well aware of its existence, it has never been empirically observed, and not much is known about 

its quantum properties. The XENON1T detector in Italy was created to detect dark matter particles such as 

weakly interacting massive particles (WIMPS). These detectors also have the capacity to detect small particles 

like muons and neutrinos. Neutrinos are elementary particles that do not have a charge. They have a very low 

mass (a subject of ongoing investigation), and they only interact with other particles through the weak force, 

making them hard to detect. This study uses data from the XENON1T detector to look at coherent elastic 

neutrino-nucleus scattering (CEvNS) events by looking at the primary and secondary scintillation signals (S1 

and S2) they give off. Since this study will be a blind analysis of boron 8 solar neutrino events, it will require 

event reconstruction to determine boron 8 solar neutrino events. After matching the respective S1 and S2 

signals, the study will run different analyses focusing on S1 and S2 widths, areas and drift time to accurately 

determine CEvNS events. The last phase of event reconstruction may be waveform analysis for unique events 

determined by the three analyses aforementioned. 
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Abstract: 

Drought frequency and severity is expected to increase regionally due to climate change, which will have 

negative consequences for natural plant populations. Arabidopsis thaliana is a widespread winter annual 

adapted to seasonal droughts coincident with the onset of flowering. Most research on drought tolerance in this 

species has not imposed drought treatments during flowering, the relevant life cycle stage. We quantified 

natural variation in late-stage drought tolerance in A. thaliana ecotypes and examined how well the origin 

climate predicted drought tolerance. We imposed drought treatments of different severities on late-stage plants 

of ecotypes from Sweden, Italy, and Spain and measured survival, flowering time, and fruit production. All 

plants survived the drought treatments, but there were strong and significant differences in the effects of 

drought on fruit production among the ecotypes that were strongly dependent on treatment. All ecotypes 

experienced similar reductions in fitness in one drought treatment, but reductions in fitness ranged from 10-

97% in another. There was evidence of selection for earlier flowering in response to drought stress, suggesting 

that natural variation in drought tolerance in A. thaliana may be mediated by changes in both physiology and 

phenology. Surprisingly, drought tolerance was not significantly related to the origin climate variables like mean 

precipitation. However, we could not examine temporal variation in climate variables, which is likely important 

for differential adaptation to drought. By understanding how ecotypes respond to different drought treatments, 

we can better predict how different A. thaliana populations will be affected by climate change. 
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Abstract: 

The Hierarchy Problem is an open question that demonstrates the current flaws in the Standard Model. If 

supersymmetry [SUSY] proves to be an accurate model, the Hierarchy Problem, along with many other 

problems would be solved. Using data from the CMS detector in 2016 and theoretical stop quark data, we are 

performing a search for the proposed supersymmetric partner to the top quark by training a neural network to 

distinguish between Standard Model and SUSY processes. Since the stop quark and top quark have slightly 

different decay processes, we are able to input variables that are sensitive to the difference in decay between 

them into a trained neural network in order to correctly classify our data as either a Standard Model or 

supersymmetric process. Finding a distinction between the SUSY and Standard Model processes in our data 

would be the strongest evidence for SUSY and would provide a solution to the Hierarchy Problem, paving the 

way to a new era of physics. 
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Abstract: 

COVID-19 has infected millions of people, killed tens of thousands, and disrupted life as we know it across the 

globe. Yet, there are many who believe the virus is a hoax, question government measures, or believe that the 

virus was created by other nation-states to attack the United States. While skepticism and conspiracy theories 

have existed in the U.S. before the pandemic, this moment, coinciding with an election cycle, offers a unique 

opportunity to discover the terrain of political discussion around skepticism and conspiracy theory. In this study, 

I use political cartoons to explore how skepticism has evolved in the U.S. since the World Health Organization 

(WHO) declared COVID-19 a pandemic in March 2020. Political cartoons are a useful tool to study skepticism 

around the virus since cartoonists employ an economy of expression to nevertheless capture the ways in 

which political issues can be framed. Applying both deductive and inductive methods, I perform a content 

analysis on cartoons about skepticism using an original dataset of 530 cartoons describing COVID-19 drawn 

by 10 mainstream cartoonists on the left-right political spectrum. Based on this analysis, I trace relationships 

between the emergence and fading of popular discourses of skepticism and the various stages of the COVID-

19 pandemic in the country. By identifying such relationships, we can better understand how cartoons use 

humor to facilitate the dissemination and analysis of complex discourse during a global crisis. 
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Abstract: 

Background: The positive correlation between obesity and hepatocellular carcinoma (HCC) risk may be due to 

increased inflammation, a hallmark of cancer. While low-grade systemic inflammation is a common 

characteristic of obese patients, these individuals are also frequently diagnosed with nonalcoholic 

steatohepatitis, a fatty and inflammatory liver disease. Previous research in mice has shown that both genetic 

and diet-induced obesity are associated with increased hepatic stellate cell secretion of tumor-promoting 

inflammatory factors. Since metabolites from the intestine drain into the liver, understanding how obesity-

inducing diets, independent of obesity, may influence liver inflammation is important in understanding the 

obesity-HCC link.  

Study Design: Liver samples were collected from six experimental groups after 15 weeks on their respective 

diets: 1) Genetically obese mice (ob/ob) fed a low-fat diet (LFD); Wild-type C57BL/6 (WT) mice fed a 2) high-

fat (HFD) or 3) western diet (WD) to induce obesity; 4) WT mice fed a LFD; WT mice pair-fed a 5) HFD or 6) 

WD in amounts isocaloric with group (4) to maintain a normal weight.  

Methods: Interleukin (IL)-6 and transforming growth factor (TGF)-β1 were quantified in the liver via qRT-PCR. 

Results: IL-6, a classic pro-inflammatory cytokine, was expressed 2-fold higher in the HFD and pair-fed HFD 

groups compared to the control LFD group. TGF-β, an anti-inflammatory cytokine, was expressed 3 to 4 times 

higher in the WD and pair-fed WD compared to the LFD group.  

Conclusions: These results suggest that obesity-inducing diets, independent of obesity, may influence the 

inflammatory profile of the liver. 
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Abstract: 

Pancreatic cancer (PC) is the fourth leading cause of cancer death in the United States due to its five-year 

survival rate of 8.9%. Late diagnosis, affiliated with the asymptomatic nature in early stages and the location of 

the cancer with respect to the pancreas, makes current widely-accepted screening methods unavailable. Prior 

studies have achieved low (70-75%) diagnostic accuracy, possibly because 80.1% of PC cases are associated 

with diabetes, leading to misdiagnosis. To address the problems of frequent late diagnosis and misdiagnosis, 

we developed an accessible, accurate, and affordable diagnostic tool for PC by analyzing the expression of 

nineteen genes in PC and diabetes. First, machine learning algorithms were trained on four groups of subjects, 

depending on the occurrence of PC and Diabetes. The models were analyzed with 400 PC subjects at varying 

stages to ensure validity. Naive Bayes, Neural Network, and K-Nearest Neighbors models achieved the 

highest testing accuracy of around 92.6%. Second, a novel user interface, PanCan Diagnosis, was designed to 

test an individual’s occurrence of PC where the average likelihood of PC was displayed. Third, the biological 

implication of the nineteen genes was investigated using bioinformatics tools. It was found that these genes 

were significantly involved in regulating the cytoplasm, cytoskeleton and nuclear receptor activity in the 

pancreas, specifically in acinar and ductal cells. Our novel tool is the first in the literature that achieves a PC 

diagnostic accuracy of above 90%, potentially increasing the five-year survival rate to 36%. 
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Abstract: 

Previous attempts at the direct detection of low energy dark matter candidates have struggled to confidently 

locate events or put constraints on their possible energy ranges. We will attempt to address this gap in our 

knowledge through an analysis of low energy events in the XENON1T experiment. An initial signal from a low 

energy event emits a very small amount of light and is often detected by too few photomultiplier tubes to 

confirm the event with an acceptable degree of certainty. In order to address this problem, we are utilizing the 

properties of double photon emission. Double photon emission is not present in photomultiplier tube dark 

counts, but takes place in about one fifth of all actual events. By limiting our data to only those signals with the 

potential to exhibit double photon emission, we are able to remove the large dark count population from our 

data and perform our analysis. We will perform a non-blind analysis of one tenth of the data from the 

aforementioned experiment, with a specific focus on identifying low energy dark matter candidates and Boron-

8 solar neutrinos (CEvNS). 
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Abstract: 

Typing on a keyboard, playing an instrument, and dressing ourselves daily requires interplay between the 

bilateral primary sensory cortices, which grant us the precision and coordination to perform these learned 

behaviors. Similarly, mice evaluate bilateral tactile information gathered by both sets of their whiskers in order 

to understand their surroundings, hunt prey, and navigate obstacles in the dark. The whisker system is 

topographically organized into discrete barrels in the barrel region of the somatosensory cortex. However, the 

circuitry and qualities of interhemispheric networks involved in bilateral sensory integration, especially within 

the context of learning, is largely unknown. Using the mouse vibrissal system, the aim of this study is to 

uncover the functional significance of interhemispheric cortical connections involved with bilateral integration in 

learning and performing goal-directed behaviors. Daily behavioral training for four male DRD3 mice was split 

into two training phases: classical conditioning (Phase I) followed by operant conditioning (Phase II). Phase I 

consisted of assigning either homotopic or heterotopic whisker stimulation as the reward condition to establish 

a learned association between assigned stimulus and water reward. Phase II consisted of a go/no-go task, in 

which successful discrimination between the assigned “go” and the “no-go” is rewarded with water. One of four 

mice was successful in learning this task. We predict that, through electrophysiological recordings, that there 

will be a difference in barrel column activity (corresponding to the tested individual vibrissae) when comparing 

unilateral versus bilateral touch, demonstrating that bilateral discrimination modulates activity across the two 

hemispheres. 
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Abstract: 

The elements on the surface of stars are a permanent snapshot of the star formation and chemical evolution 

history of a galaxy. When modern models of galactic chemical evolution are compared to these observed 

snapshots, it should be possible to discern the chemical evolution processes in a galaxy at any point in time. 

However, current models are too time-intensive to evaluate with proper statistical methods. This would require 

many iterations of the model within its parameter space to produce a probability distribution of the starting 

parameters that best fit the observations. As a proposed solution, we emulate the Galaxy Assembly with 

Merger Trees for Modeling Abundances (GAMMA) model with Gaussian process regression and compare the 

results to newly available APOGEE observational data with Markov Chain Monte Carlo methods. By training a 

Gaussian process-based emulator with numerous training GAMMA samples generated from a sparsely 

sampled set of input parameters, we greatly reduce the computational time required to produce chemical 

evolution predictions from GAMMA. Given this, we use this emulator model (GAMMA-EM) in conjunction with 

Markov Chain Monte Carlo to obtain a set of GAMMA input parameters that produce the best model fit to newly 

available observational data. This will likely improve our current understanding of the chemical evolution 

process in our galaxy and many others. 
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Abstract: 

SARS-CoV-2, the virus causing COVID-19, has been found to activate macrophages, which are innate 

immune cells that produce inflammatory molecules as a response to the virus. The purpose of this study is to 

identify differentially expressed genes in SARS-CoV-2-infected macrophages through RNA-sequencing in 

silico data analysis. Our rationale is that knowledge of how SARS-CoV-2 infection affects gene expression will 

help us identify affected biological pathways in order to develop improved targeted therapeutics. After acquiring 

the read counts and RPKM values published by Gomez Castro and Ding (2020), GFOLD analysis was 

performed to rank genes, and this method was selected since only a single biological replicate was available 

for either control or SARS-CoV-2-treated macrophages. Differential expression analysis was also performed 

using edgeR in order to validate results. Genes with GFOLD values ≥1 and ≤-0.05 were used for gene 

ontology (GO) and pathway analysis using DAVID and IPA software, respectively. Through these analyses, we 

found that upregulated GO functions centered on inflammatory response and chemokine activity. Enhanced 

pathways included IL-6, IL-17, and TNFR1/2, all of which are cytokine or inflammatory pathways. 

Consequently, a therapeutic that immunomodulates and restores normal cytokine profiles while reducing 

infection severity may have potential. Interleukin-27 (IL-27) is a versatile cytokine involved in multiple 

inflammatory signaling pathways and shows promise in its ability of rebalancing inflammation in multiple tissue 

microenvironments. Future work will include conducting in vitro RNA-seq experiments with control untreated or 

macrophages treated with IL-27 in order to detect if this promising cytokine can serve as a potential therapeutic 

against SARS-CoV-2. 
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Abstract: 

Quantum Chromodynamics (QCD), the theory of the strong interaction between quarks and gluons, is a highly 

studied topic in particle physics. Monte Carlo methods at the LHC are applied using Monte Carlo Event 

Generators to simulate high-energy particle physics events for study. However, using Monte Carlo methods for 

simulating processes dominated by QCD interactions is prohibitively computationally expensive. A proposed 

solution to the inefficiency of Monte Carlo is to utilize Generative Adversarial Networks (GANs). A GAN is a 

machine learning framework that can generate new data with the same characteristics as the training set. 

GANs can generate event data thousands of times faster than Monte Carlo methods. The scope of our 

research is to show a proof of concept for GANs via generating Di-Higgs events, which are easier to produce 

through Monte Carlo methods and thus have an abundance of data to train with.We will be using a variation of 

GANs called a Wasserstein GAN, and will be enforcing the 1-Lipschitz constraint via a gradient penalty. We’ve 

successfully investigated Di-Higgs event generator with Wasserstein GANs and compared the results to 

existing Monte Carlo methods using the Kolmogorov-Smirnov test. This opens the door for research into using 

GANs for simulating any process that primarily involves QCD. The impact of this research could not only 

change the way that particle collisions events are simulated in the field of particle physics, but also expand the 

applications of GANs and machine learning, further deepening the century old bond between physics and 

computing. 
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Abstract: 

In our research, our primary objective was to measure the rate of background events from analyzing data from 

the XENON1T experiment using two-fold coincidence analysis. The general goal of the XENON1T experiment 

is to look for Coherent Elastic Neutrino-Nucleus Scattering (CEvNS) involving solar neutrinos in the xenon-

filled chamber of the detector. These interactions are infrequent and difficult to detect, but dual-phase noble 

gas-based detectors can measure these events via the use of photomultiplier tubes (PMTs) and the feedback 

they provide after scintillation and/or ionization of the layered gas/liquid medium. The only problem is these 

detectors record a variety of different events, not just CEvNS. By measuring the rate of events in the 

XENON1T experiment data, which is very unlikely to have CEvNS events, we can determine the rate of 

background events and apply our findings to future data collected from the XENON1T experiment. Applying 

the results of our research will make it easier to distinguish these background events from the CEvNS events 

that will be the focus of the future XENONnT experiment. 
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Abstract: 

Our group is working with Dr. Rafael Lang and data from the XENON collaboration in the search for dark 

matter in the form of Weakly Interacting Massive Particles (WIMP’s). The XENON1T experiment was a dual 

phase particle detector that was in operation from 2016-2018. Our group is working with the data collected by 

the XENON1T experiment to try and create various cuts of the S2 widths, S2 area and the drift time. The 

purpose of our research is to investigate the S2 width cuts, which is a quality cut based on electron diffusion. 

We are working to extend this investigation to the lower energies. The purpose of this will assist in dark matter 

searches, and to look for B8 solar neutrinos. To accomplish this cut, we will make several plots, but the most 

important plot we need to look at will be the S2 width against the drift time. This will help us to gain an official 

cut of the S2 widths, and any hits that we see on the plots outside of the cut will not be considered, either for 

the dark matter or solar neutrinos. The hits that are inside the cut that we define through our research, will be 

considered as potential WIMPs or possible solar neutrinos. 

Mentor(s): 

Rafael Lang, College of Science 

Juehang Qin, College of Science 



Project’s College: College of Science Category: Physical Sciences 

Poster Presentation 

Title: 

Water Resistance of Adhesives Made From Corn Protein 

Authors: 

Logan Miles, College of Science 

Kylie Smith, College of Science 

Abstract: 

Water resistance is a property that needs to be tailored for adhesive applications. Food packaging and wood 

products are examples where bonding must persist when water is present. By contrast, water resistance 

should be lower for cosmetic applications where binders need to wash off easily. Some medical applications 

also require degradable glues with a limited degree of water resistance. For example, wound healing bandages 

are designed with reversible bonding in mind because it may be desirable to use water for their pain free 

removal. Plant-based adhesives are nontoxic, degradable, and tunable with regard to their water resistant 

properties. They are good candidates for applications that require some water resistance. Here we present 

results that show how the adhesive performance of corn protein glue changes over time when water is present. 

Corn protein readily dissolves in ethanol and water mixtures but not in water alone. The dissolution properties 

of this protein and the potential for cross-linking allow for improving water resistance. We use lap shear testing 

experiments on wood substrates to determine the adhesive strength of various protein formulations with 

varying clay fillers. We observed the change in adhesive strength over a span of 24 hours spent underwater, 

focusing on the first hour, where the most change was observed. Although our initial studies are qualitative in 

nature, they show potential for future applications. 
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Automated Detection of Mesocyclones Including Area and Intensity in X-band Radar Observations 
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Abstract: 

At Purdue University, Python software under testing automatically detects and characterizes mesocyclones 

based upon data from the X-band Teaching and Research RAdar (XTRRA) located near campus. The XTRRA 

is located in a lower atmospheric observation gap between operational radars, detecting low-level 

mesocyclones those radars may sample poorly. The ultimate goal is to create a campus-wide alert system for 

multiple classes of impending severe weather. The software is currently being tested on data collected in past 

cases of severe weather on or near campus and verified via manual identification. One current weakness of 

the mesocyclone detection algorithm is the relatively small number of mesocyclone observations available, 

since the XTRRA has only been operating since 2018. As more mesocyclone observations become available, 

the detections should improve. The completed alert system will aid in preserving life and property on the 

Purdue University campus. Ideally, this system will supplement National Weather Service warnings, using data 

sources in  close proximity to campus. 
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Encapsulation to prevent protein aggregation in Escherichia coli broth cultures 
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Abstract: 

Protein aggregation refers to the misfolding of proteins, leading to dysfunctional conformations. Proteins can 

aggregate due to overproduction, the exposure of hydrophobic residues, the absence of chaperone proteins, 

inappropriate buffer conditions, general misfolding, or other undiscovered pathways. Aggregation causes 

issues for in vitro experiments, in which the overproduction and purification of proteins is necessary for 

studying their structure and enzymatic function. It is vital to prevent protein aggregation in order to pursue 

these biological investigations. One possible manner is the encapsulation of aggregating proteins in nanocage 

particles. Nanocage particles could trap each protein within its capsid, preventing contact with the solution and 

other proteins, and provide a preferable folding environment. To study this hypothesis, protein arginine N-

methyltransferase 5 (PRMT5) and methylosome protein 50 (MEP50), proteins that were found to aggregate 

during overexpression in Escherichia coli broth cultures, will be encapsulated in Thermotoga maritima 

encapsulin in vivo. 
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Abstract: 

As particle accelerators are being pushed to higher energy and luminosity, there is a need to group tracks in 

the CMS detector with more collisions going on at a specific time. Quantum Annealers are a type of quantum 

computer that can leverage the Adiabatic Principle of Quantum Mechanics to solve problems by moving slowly 

from the initial hamiltonian to a problem hamiltonian state. The qubits will still be in the ground state, but now in 

that of the problem hamiltonian which corresponds to the correct answer to the problem. The classes of 

problems that quantum computers can solve efficiently when compared to classical computers are limited in 

number; clustering belongs to these use cases. Clustering is used in daily life to try and group people based on 

their interests to show targeted ads. Clustering is also important as it pertains to particle physics because it can 

solve problems that choose which particle tracks in the CMS detector correspond to which proton-proton 

collision that occurred. Our goal is to demonstrate clustering on a quantum annealer is a valid way to find the 

location of a proton-proton collision and demonstrate a valid use case for quantum annealers in the future. To 

do this, we gave the annealer Monte Carlo simulated data with two collision locations with two tracks being 

emitted per collision location. Finally, we checked the results with the ground truth to ensure our algorithm is 

correct, and compared the results to a traditional clustering algorithm. 
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Deriving Reaction Kinetics from Experimental Data using Machine Learning 
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Abstract: 

Understanding underlying kinetic mechanisms is essential to minimize degradation of nutrients and active 

health components during food manufacturing. The conversion of nutrients and active components in food 

matrices in industrial settings is a field where large quantities of data can be collected, but often lacks 

mechanistic kinetic understanding. Here, we apply machine-learning techniques to extract information from 

experimental data that is then translated into knowledge about the underlying kinetics mechanisms. A machine 

learning algorithm was applied to experimental data on breakdown of nutritional compounds in soybeans. We 

show that the kinetics generated from the algorithm closely resemble the known kinetics from literature. This 

work shows that machine learning can be a highly advantageous tool for applications in food science. 
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Abstract: 

When a person is exposed to high and frequent lifting risk scenarios, they become vulnerable to 

musculoskeletal injuries. Observing and measuring a human’s lifting risk in the workplace can be quite 

challenging, and traditional methods of doing so can be intrusive, subjective, and unreliable. This research 

aims to predict lifting risk (low, medium, high) from videos of facial expressions in a non-intrusive and objective 

technique using computer vision methods. Over 9000 videos of 18 participants between the ages 19 and 24 

lifting three different weights (7.5, 25, 35 lbs) were recorded from five different camera angles - Middle, Right, 

Left, Middle-Left, Middle-Right. OpenFace program was used to perform facial action unit recognition to extract 

facial feature data from each frame of each of these videos. Lip tightening, dimples, chin raising, etc are a few 

of 16 features that are identified by the OpenFace program. This data was fed into a k-means clustering model 

that identified the most representative frame for each video and all these frames comprised the data set which 

will be used to build a three-level Convolutional neural network classifier. This research expects to develop an 

accurate deep learning model so that lifting risk detection can be less distracting for the employees, more 

objective, more versatile, and easier to implement for employers. 
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Abstract: 

The purpose of our study is to use collider variables and predicted supersymmetry models to create a new 

variable, using a neural network, that could potentially allow us to differentiate between top quarks and stop 

quarks. To carry out this research project we will be making use of the various datasets that have the 

observations for the top-antitop decay process conducted at the CMS detector in the LHC. Using this data, we 

can compute signature variables. We plan on developing a sensitive variable that could differentiate between 

the top and stop quarks. By feeding these signature variables into a Neural Network, we plan to construct a 

more sensitive variable that will be able to differentiate between top and stop quarks. We will be creating and 

training a Neural Network so that the cost function can be minimized and we can obtain a parameter that can 

act as the sensitive variable that differentiates between top quarks and stop quarks. Finding such a variable 

can confirm the existence of the stop quark and therefore open up the field of supersymmetry. 
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Abstract: 

The purpose of our research is to analyze the accuracy and potential shortcomings of the CMS detector in its 

reconstruction and analysis of the ttbar spin correlation variables. To do this, we prepared histograms of three 

different steps of Monte Carlo simulated data for three ttbar spin correlation variables produced in 2017: ttbar 

system mass, transverse momentum of a top quark, and the angle between dilepton jets, denoted ΔΦ. These 

three steps are events in full phase space, phase space visible to the CMS detector, and reconstructed events. 

We calculate ratios of these steps in relation to one another to calculate the acceptance, efficiency, and 

acceptance * efficiency of the data. These variables help determine how well the CMS detector will be able to 

detect then reconstruct events that occur inside of it. The generated reconstructed data was compared to 

actual CMS reconstructed data recorded in 2017 to produce 2D histograms, which we can use to calculate the 

stability and purity of the data, as well as measure the resolution of the detector. Purity and stability are 

measures of how well the generated and reconstructed data match each other, and the resolution is the 

standard deviation of the Gaussian fit applied to data. It is the measure of how well the value of a physical 

variable measured by the detector matches with its true value. 
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Abstract: 

Lean manufacturing, a pillar of the Toyota Production System, has been a hot topic in the manufacturing 

industry since the early 21st century. Toyota showed how incorporating the lean philosophy can cut waste, 

increase value, and increase profits. Even so, many barriers exist which prevent manufacturing companies 

from fully incorporating the principles into the working environment. Some of these barriers to lean 

implementation include management, employees, culture, incentives, and technology. Lean philosophy is a 

global movement, so there is a plethora of manuscripts which focus on barriers to lean implementation 

throughout the world, yet none specifically focus on Indiana (known to be a focal point of manufacturing within 

the Untied States). This paper aims to identify the region-specific barriers and challenges associated with lean 

manufacturing implementation and propose possible solutions to overcome them. A survey will be sent out to 

thousands of manufacturing facilities located within the state of Indiana. This survey uses rankings to identify 

the most prevalent barriers in those companies as well as collecting demographic and other information on the 

manufacturing company. Once the data is collected, analysis will be completed to identify barriers for each 

type of manufacturing industry, while controlling for company size and sales. Since the survey uses rank-order 

questions, a Kruskal-Wallis test will be used to test for statistical significance in the findings. In conclusion, 

specific solutions will be offered to the various companies in the Indiana region to help implement lean 

principles into their business model, given their greatest barriers. Future case studies will be done in individual 

companies in order to obtain qualitative information on the specific barriers. This poster will provide 

background on the survey development and IRB approval process. 
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Abstract: 

Nursing students are usually trained in simulated clinical environments to practice responding to various 

clinical situations related to stroke. Previous stroke simulation involves the care of a traditional manikin which 

had some limitations in stroke simulation. Firstly, the traditional manikin can not interact with students 

efficiently. Secondly, traditional manikin can not display one of the key symptoms of stroke: face drooping. To 

overcome these limitations, a new manikin equipped with 3D facial projection techniques was developed, 

which provides students a more vivid 'patient' in simulation. Specifically, the projected facial expression aims to 

enhance manikin-student interaction and provides more hints for students to recognize the stroke more 

efficiently. This research investigates whether the new manikin archives these two purposes by measuring the 

students' attention with wearable eye-trackers and measuring the time that students spend to recognize the 

stroke. Thirty nursing students participated in this study and fifteen of them were assigned to the control group 

which enabled them to finish stroke simulation with a traditional manikin. The rest of students were assigned to 

the experimental group and had access to the new manikin, where related eye-tracking variables and 

timestamp were extracted from eye-tracker and recorded videos, respectively. Fundamental statistical analysis 

was performed on the extracted variables to validate the effectiveness of the new manikin in stroke simulation. 
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Using computer vision to see ureteroscopy motion techniques 
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Abstract: 

Flexible ureteroscopy is a type of procedure performed by urologic surgeons to remove kidney stones from 

patients. When performing this surgery, a 3mm-diameter flexible camera will be used to pass through the 

patient’s urinary tract to fragment, manipulate and remove kidney stones. The flexible ureteroscope requires 

the surgeons to utilize a non-intuitive control mechanism with a thumb-actuated lever and numerous wrist 

rotations to direct the end effector. Current studies suggest that the methodologies that exist to assess surgeon 

movements are not sufficient. In this study, we used motion capture along with standard videos to analyze and 

characterize surgeon movement in a simulated clinical scenario. From these collected data, we analyze and 

provide conclusions on the correlation between surgeons’ movement while performing tasks and effectiveness 

of ureteroscopic manipulation. 
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Abstract: 

In today’s business world, analytics and data science knowledge, skills, and abilities are more important than 

ever. Universities have responded by developing master’s degree programs and courses to satisfy the industry 

need of effective data professionals. One problem is the fields of analytics and data science often require many 

different skill sets falling under business acumen/communication, quantitative methods, and information 

systems. We develop an interpretable predictive model that estimates the effect specific courses have on 

program outcomes (e.g. placement rate, starting salary). Our model could be used by students to identify 

which courses to take among a set of courses, or by program administrators to modify a curriculum that is 

more impactful on student outcomes. 
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Abstract: 

We develop both interpretable and non-interpretable predictive models to predict how to get a promotion. The 

motivation for our study is that promoting driven and capable employees is a necessary step that every 

company must take to ensure long-term success. Knowing who a company expects to promote early can 

streamline company growth. Our interpretable model provides a way for employees and policy-makers to 

understand what attributes historically have made an employee more promotable than others. We posit our 

research may provide employees a novel way to strategically identify controllable characteristics (e.g. 

education, KPIs met, performance evals, etc.) they might work on to improve their odds of being promotable. 

Likewise, we believe our model provides policy-makers a way to re-examine how promotions have been made 

so they are made more fairly in the future. Our non-interpretable model shows how we were able to increase 

predictive accuracy at the expense of explainability. 
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Abstract: 

This study predicts a Premier League player’s average rating over a season given their statistics for the 

season. We want to understand how certain factors of a player’s performance affect their overall rating so that 

managers and executives can make more informed decisions. By using predictive modeling techniques like 

linear regression and decision trees, we can predict where players are and where they are heading. 
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Abstract: 

This study uses predictive analytics to identify “best value” graduate analytics and data science programs. The 

motivation for this study is that many of these types of programs are often very expensive, averaging close to 

$40k with some costing over $100k. We define best value as the average yearly starting salary minus the cost 

of the program. Data was collected from 200+ graduate analytics, business analytics, and data science 

program websites. We then develop a predictive model to predict starting salaries of graduates from a program 

using features about the program curriculum, experiential opportunities, student demographics, and other 

factors. From our model we identify which programs are “best value” graduate programs by accounting for 

program cost and length. We posit our analysis will be of particular interest to students considering pursuing 

these types of degrees, as well as higher education administrators seeing where their programs stand in the 

market. 
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Abstract: 

In this study we develop a classification model to predict the winner of any Ultimate Fighting Championship 

(UFC) bout. The motivation for this study is that mixed martial arts has grown to be a very popular sport to the 

point where today serious wagers are put on bouts. We posit that being able to develop a highly accurate 

model can lead to significant profits via placing wagers with sports books. We investigate various statistical and 

machine learning algorithms to identify what works best at predicting these matches and provide an 

assessment of how much money one could potentially make or lose using our current modeling approach. 
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Abstract: 

This research investigates personality traits and career placements among graduates from Purdue’s Master of 

Business Analytics and Information Management (BAIM) program. We posit that certain personality profiles 

may be predictive of future career functions (e.g. Consultant, Data Scientist, Analyst, etc.). Some research has 

suggested that “ideal” analytics and data science talent have specific “Big 5” personality traits: extroversion, 

agreeableness, conscientiousness, neuroticism, and openness to experience. We designed and distributed a 

Qualtrics survey to all MS BAIM alumni and received 152 responses (69% of BAIM alumni) that measured 

demographics, past educational experience, industry and career title, as well as 50 Likert-scale questions 

about their individual Big 5 personality traits. We contrast MS BAIM program alumni personalities to suggested 

analytics-talent personalities and reveal which personality features are drivers of future job types. 
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Abstract: 

In this study we use multiple data analytics techniques to analyze and predict illegal border crossings in the 

United States along the Canadian and Mexican borders. The motivation of this study is to show how using 

descriptive and predictive analytics could provide strategic decision-support at reducing cross-border crime 

and illegal immigration that threaten national security and public safety. Our methodology is both descriptive 

and predictive, where we compare the historic and current population data in specific locations to show the 

overall crossing trends, compare monthly illegal crossings figures to indicate when the most illegal activities 

happened historically, analyze the transportation methods being used in each season, and provide a model 

that can forecast future illegal border crossing numbers. We posit our preliminary research might be of interest 

to the U.S. Immigration and Customs Enforcement (ICE) agency for planning and resource allocation. 
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Abstract: 

This study analyzes current rankings and develops a new program ranking score for MS in Data Analytics and 

Data Science programs regarding institutional, educational, and environmental performance measures. Due to 

the variation in ranking methodologies used and often lack of transparency of data values submitted from those 

ranked institutions, we use predictive analytics to estimate what input levels are needed to achieve a certain 

rank for each ranking system. This study is novel in that programs can identify where their strengths and 

weaknesses lie with the goal of using their resources to make more strategic decisions to improve their future 

rankings. 
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Abstract: 

Background: One factor contributing to delays in diagnosis of children with Autism Spectrum Disorder (ASD) 

are logistical and geographical barriers to services (Antezana et. al., 2017). Telehealth assessment kits provide 

a promising solution to this problem. The Purdue Omnityping Kit for Individualized Testing (POcKIT) is a 

telehealth assessment under development to identify biological and environmental markers that could help 

assess the likelihood of autism.  

Objectives: The goal of this project is to analyze the attitudes of parents toward the POcKIT assessment kit to 

optimize uptake. 

Methods: Six parents of children with ASD completed a 90 minute semi-structured interview . NVivo software 

was used to code themes of willingness to collect samples, concerns related to the kit, and supports that would 

facilitate uptake.  

Results: There was a consensus among parents in wanting the package delivered directly to their home. 

Parent willingness to provide samples and expressed concerns reflected potential issues with child consent to 

and compliance with collection procedures. Blood and stool were samples mentioned the most frequently 

related to concerns. For supports, clear communication before and after collection was conveyed by all 

participants.  

Discussion: Parents are largely willing to provide both genetic and environmental samples, with importance 

placed on child compliance and willingness. Access to clear instructions and support are key to their ability to 

participate effectively in the research. The focus of the researchers should be on improving communication and 

facilitating discussion with parents by providing them feedback about their child’s results and overall impact on 

the project outcomes. 

References: 

Antezana, L., Scarpa, A., Valdespino, A., Albright, J., & Richey, J. A. (2017). Rural Trends in Diagnosis and 

Services for Autism Spectrum Disorder. Frontiers in psychology, 8, 590. 

https://doi.org/10.3389/fpsyg.2017.00590 

Mentor(s): 

Carolyn McCormick, College of Health & Human Sciences 

Andrea DeMaria, College of Health & Human Sciences 
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Project’s College: School of Management Category: Social Sciences/Humanities/Education 

Poster Presentation 

Title: 

Using Text and Predictive Analytics to Identify Analytics Skills Required of Candidates Post Covid-19 

Authors: 

Adarsh Reddy, School of Management 

Clay Marshall, School of Management 

Makram Assaf, School of Management 

Alex May, School of Management 

Julien Pham, School of Management 

Abstract: 

This study uses text and predictive analytics to understand what the job market is looking for from candidates 

based on job postings post covid-19. The motivation for this study is that covid-19 has led to massive layoffs in 

the United States requiring companies to re-consider what they really need. We have observed expectations 

rise for lower-tier positions to filter out the sheer number of applications for open positions. Mining job 

descriptions for analytical roles (e.g. Data Scientist, Data Analyst, Developer, etc.) from Indeed.com we use 

text analytics to put structure to the unstructured job description text. We provide descriptive analytics that 

summarize these findings of key words. Next, we develop predictive models to predict what the top 

characteristics/skills are for different types of analytics roles. We believe our model can be useful for those 

seeking employment to help them home in on job skills they might not be masters at currently or add certain 

high-demand skills to their resumes. 

Mentor(s): 

Matthew Lanham, School of Management 
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Title: 

Developing an Interpretable Machine Learning Model in Insurance 

Authors: 

Gurveen Rekhi, School of Management 

Shravaan Bandaru, School of Management 

Jason Denman, School of Management 

Ethan Hicks, School of Management 

Abstract: 

Our research focuses on developing an accurate and interpretable predictive model in insurance to provide 

interpretability and transparency to policyholders. The motivation of this study is that the internet has 

significantly changed how insurance is purchased and pursued. Also, companies today must be more 

conscientious of potential biases in their predictive models that might discriminate against a group of people 

based on uncontrollable factors (e.g. race, gender). We aim to allow our consumers to understand what goes 

into calculating the price of these premiums and how they differ for each person uniquely. In order to 

accomplish our goal we compile information about a consumer to build a profile and use the profile to build out 

a unique policy. We posit our approach will provide both premium interpretability and transparency. 

Mentor(s): 

Matthew Lanham, School of Management 
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Title: 

Examining Time-Series, Statistical Learning, and Machine Learning Techniques to Predict the Stock Market 

Authors: 

Alex Roell, School of Management 

Aakash Shambwani, School of Management 

David Meenen, School of Management 

Yashmanth Chintamaneni, School of Management 

Yuvraj Malhotra, School of Management 

Abstract: 

In this study we examine stock market prediction using traditional time-series, statistical learning, and machine 

learning approaches. The motivation for this study is that understanding the stock market and being able to 

predict when stocks will rise, and fall can be very rewarding if done even remotely accurately. We investigate 

ARIMA models, linear models, random forests, and neural networks. 

Mentor(s): 

Matthew Lanham, School of Management 
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Title: 

The Impact of Program and Student Demographics on Graduate Analytics and Data Science Program 

Outcomes 

Authors: 

Jessie Searles, School of Management 

Natalie Gurnik, School of Management 

Boyang Yu, School of Management 

Nick Omer, School of Management 

Xiao Ma, School of Management 

Abstract: 

This study provides a statistical deep dive into the components of program and student demographics of 

graduate data analytics and data science programs in the United States. We examine the effects of program 

location, type (full/part-time, online), degree (analytics vs data science), costs, and student features (age, % 

women, % international, professional experience, GPA, GMAT/GRE) on student outcomes (e.g. placement 

rate, starting salary). The purpose of this study is to empirically quantify objectively if any of these variables 

have a general association with outcomes and if so to what degree. Academic program administrators can use 

our findings to make strategic recruiting and admission decisions to improve outcomes. 

Mentor(s): 

Matthew Lanham, School of Management 
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Title: 

Predicting Preference of Craft Beer Styles 

Authors: 

Ananth Srinath, School of Management 

Jake Winkle, School of Management 

Saben Fletcher, School of Management 

Derek Gaswirth, School of Management 

Tyler Meyer, School of Management 

Abstract: 

In this project, we build a k-means clustering model with decision trees for consumers of craft beers to better 

determine which styles of beer they will enjoy. We achieve this by examining data split among different levels 

of IBU in beers and use 2409 observations of historical data to forecast stylistic craft beer preferences for a 

given consumer. 

Mentor(s): 

Matthew Lanham, School of Management 
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Title: 

Maximizing Media Content Revenue by Predicting What People Want to Read 

Authors: 

Alicia Verde, School of Management 

Eashan Thakuria, School of Management 

Robin Murphy, School of Management 

H Drake Stancil, School of Management 

Trystan Manning, School of Management 

Abstract: 

We develop a predictive model that would help a media content provider understand article features that help 

increase the number of shares. The motivation for this study is that businesses rely heavily on revenue in order 

to compete and survive in the news industry. Today, most revenue comes from ads and shares from social 

media help increase the number of times people view those ads. Content providers want to know what factors 

lead to the greatest number of shares because that equates to more potential revenue. We posit the content 

provider could use our predictive model to help them craft future articles that are likely to be shared. Using 

nearly 8k articles, many features about the articles content were derived using text analytics. We use these 

features to develop a predictive model that predicts shares. Our model provides estimated parametric effects 

of what works best to increase shares. 

Mentor(s): 

Matthew Lanham, School of Management 
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Title: 

Diagnosing COVID-19 Using CT-Scan Images 

Authors: 

Hui Zeng, School of Management 

Weibo Xu, School of Management 

Jiteng Fu, School of Management 

Yu-Chien Lee, School of Management 

Zhuoyuan Li, School of Management 

Abstract: 

The COVID-19 pandemic has been a huge threat to human health and our way of life. This study investigates 

machine learning and deep learning techniques to predict if a patient has COVID-19 or not based on CT scans. 

We posit this model can be beneficial in numerous ways that are almost covered from emergency to post-

treatment. By taking use of our model, researchers will be able to provide and to analyze the CT-scan for both 

classification and quantification perspective to diagnose accurately and more quickly than other tests. This 

research project was part of the INFORMS 2020 QSR-Data Challenge. Here we learned how to process CT-

scan images and properly predict and evaluate sophisticated predictive models that might help in diagnosing 

COVID-19. We believe our approach in this research can be extended to other projects where images are 

used for prediction purposes. 

Mentor(s): 

Matthew Lanham, School of Management 



This summer program allows undergraduates to put data into action and effectively 
communicate processes and results. The program runs from mid-May through mid-
August and provides a $5,250 stipend for travel and living costs. More information can 
be found at the Undergraduate Summer Research Program in Digital Ag website. 

The MASI Undergraduate Research Fellowship Program is open to Purdue College of 
Agriculture undergraduate students each summer. Students experience in-depth, 
hands-on molecular research, participate in a series of Science Communication Work-
shops including bi-weekly assignments, and attend faculty and industry seminars and 
tours. More information can be found at ag.purdue.edu/oap/cate/research/masi/.  

Pharmacy students who have a serious interest in research as a possible career 
(including faculty positions) and who want to explore a research environment in more 
depth are encouraged to apply. A stipend of $3,200 plus a $800 housing stipend will 
be paid for ten weeks of full-time work. More information can be found at 
www.pharmacy.purdue.edu/research/summer-research.  

Summer Stay allows approximately 100 undergraduate students to earn scholarships 
worth up to $2,500 for completing 140 hours of on-campus research experience 
alongside 9+ credit hours of coursework.  Research hours count toward the credit 
hour requirement.  More information can be found at www.purdue.edu/summerstay.  

SURF matches undergraduates with a faculty member and graduate student mentor 
who introduce them to the research tools used on the cutting edges of science, engi-
neering, and technology. Students receive a $5,100 stipend. More information can be 
found at engineering.purdue.edu/Engr/Research/EURO/SURF. 

https://ag.purdue.edu/digital-ag-resources/undergraduate-summer-research-program-in-digital-ag/
https://ag.purdue.edu/oap/cate/research/masi/
https://www.pharmacy.purdue.edu/research/summer-research
http://www.purdue.edu/summerstay
https://engineering.purdue.edu/Engr/Research/EURO/SURF








UNDERGRADUATE  
SUMMER RESEARCH PROGRAM
IN DIGITAL AGRICULTURE

A 10-WEEK EXPERIENTIAL RESEARCH PROGRAM 
AT PURDUE UNIVERSITY
Looking to pursue a career in the rapidly growing field of digital agriculture? This student-centered, 
active-learning environment allows undergraduates to put data into action and effectively 
communicate processes and results. The program runs from mid-May through mid-August.

Learn About Research and Extension Experiential Learning for Undergraduates (REEU)

An Equal Access/Equal Opportunity institution.

Questions? Contact dbuckmas@purdue.edu with a subject line of REEU
engineering.purdue.edu/~dbuckmas/teaching//REEU/info.html

BENEFITS 
• Strong faculty mentoring across many disciplines
• $5,250 stipend for travel and living costs
• Optional academic course credit

• Access to state-of-the-art research facilities
• Interaction with industry stakeholders
• Résumé builder

ELIGIBILITY 
• Must be a U.S. citizen, national, or permanent resident of the United States
• Must have completed at least one academic semester of full-time study at associate or bachelor’s degree level

HOW TO APPLY: Submit these items to dbuckmas@purdue.edu by midnight, February 8, 2021
• Resume
• Transcript

• Brief essay describing interest in data science in agriculture
• One letter of reference

10 WEEKS LATER THEY SAID:
“Honestly, I loved every minute of this program. I enjoyed the independent research projects and learning to code with 
real-life applications.”  — Bailey Walvoord, Cornell University

“This has guided me into the directions of tools and strategies I could learn to add value to myself as an Ag major. 
I plan to sharpen my coding skills and also using ArcGIS.”  — Jatavian Smith, Alcorn State University

“I want to pursue a career in agricultural data science. My biggest takeaway was how to pick up on data science tools 
quickly and troubleshoot errors and bugs.”  — Jaclyn Lee, University of Hawaii
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WHAT IS SURF?

BENEFITS FOR STUDENTS

• SURF provides a structured learning environment for undergraduate students to gain 
research experience and receive pay, present research discoveries, attend social 
events, and hone relevant skills under the guidance of faculty and graduate student 
mentors 

• SURF facilitates students in career planning and scientific communication

APPLICATION SYSTEM

Explore research projects on the SURF undergraduate research database
APPLY: https://engineering.purdue.edu/Engr/Research/EURO/SURF

PROGRAM STIPEND

SURF participants receive $5100 (40 hours/week – full-time) or $2550 (20 hrs/week –
part-time) stipend for their summer research 

The SURF program aims to provide a hands-on research 
experience for undergraduate students that will stimulate their 
interest in advanced education and research careers.  

Summer Undergraduate Research Fellowship

S U R FS U R F
Summer 2021 Program Dates: May 24 - August 2 

(765) 496-3564 eur@purdue.eduContact us:

S T U D E N T  I N F O R M AT I O N

SURF is an intensive 11-week program to advance students’ research potential. During the 
program, you will conduct research activities 40 (full time) or 20 (part time) hours per week 
and participate in SURF symposium and professional development events, and complete 
deliverables. Throughout the summer, you will receive support from your professor and 
graduate student mentor in the lab, and the EURO staff.

PROGRAM TIMELINE

DECEMBER 15 - February 15: SURF Application Window 
MARCH - APRIL: SURF placement announcement, offer letters acceptance 
July 29: SURF Symposium 
SURF 2021 Program Dates: May 24 - August 2, 2021 

mailto:eur@purdue.edu
mailto:eur@purdue.edu


C e l e b r a t i n g  P u r d u e ’ s  T h i n k e r s ,
C r e a t o r s ,  &  E x p e r i m e n t e r s
p u r d u e . e d u / u n d e r g r a d - r e s e a r c h
u g r e s e a r c h @ p u r d u e . e d u  
( 7 6 5 )  4 9 4 - 6 5 0 5
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