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  Message from the Chairs 

James Coyne 
Chair 

Fatemeh Bahari 
Chair 

Rudy Haluza 
Chair 

Andrew Simonson 
Chair 

            
 
 
 
 
 
 
 
 
 
 
 
On the behalf of Engineering Graduate Student Council (EGSC), we would like to welcome you to the 16th 
Annual College of Engineering Research Symposium (CERS 2019). CERS is a student-initiated, student-
run event that provides a networking opportunity for undergraduate students, graduate students, and 
industry representatives. CERS 2018 showcases the cutting-edge interdisciplinary and multi-disciplinary 
research that is being conducted at Penn State in paper and poster formats.  
 
We are pleased to report that this year’s symposium includes 41 paper presentations and 68 poster 
presentations. We also would like to recognize the 128 faculty, research staff, technology licensing officers, 
and student reviewers. We also continued the ‘Art in Science’ competition, which was motivated by a desire 
to honor and celebrate the role of aesthetics in the scientific fields.   
 
We are pleased to have Jeremy Frank as our keynote speaker. His presentation is titled “Starting a 
Company out of Penn State Graduate Research: Successes, Failures, and Lessons Learned.” Frank 
is the president and co-founder of KCF Technologies, Inc. The company develops and commercializes 
products and solutions for industry and the military. The company was founded in November 2000 by three 
researchers from Penn State and specializes in wireless sensors, energy harvesting, underwater 
navigation, and smart material devices. KCF Technologies’ vision is to be a leader in the development of 
federally-funded technologies and bridge the gap to successful commercial products by establishing 
strategic partnerships. Their passion is bringing the latest technologies to life to make the things we work 
and live with Smarter.  

In addition to Jeremy Frank, we would like to thank the Penn State administrators who will be giving short 
speeches, including President Eric J. Barron, College of Engineering Associate Dean for Research and 
Graduate Programs George Lesieutre, and College of Engineering Associate Dean for Education and 
Graduate Professional Programs Peter Butler. 

Next, we would like to thank our Gold Sponsors, MathWorks and Norfolk Southern; and our Silver 
Sponsor, Intel. In addition, we would like to express our appreciation to the University Park Allocation 
Committee (UPAC), College of Engineering (COE), and the Graduate and Professional Student Association 
(GPSA) for their continuing support of CERS. We value your sponsorship and appreciate your interest and 
participation in CERS. 

We would also like to thank Huanyu Cheng (EGSC faculty adviser), Lori Long (administrative liaison), Robin 
Brenneman (administrative liaison) and Jason Nachman (administrative liaison) for their continuing support 
throughout the planning process. A special note of thanks goes to all of the faculty and student contributors 
to the event as academic and research supervisors, paper reviewers, judges, participants, and members 
of the audience. Last, but not least, we would like to recognize the creativity of our EGSC colleagues and 
acknowledge them for their commitment and dedication to ensure the success of CERS 2019. We hope 
that you enjoy the symposium and that you will join us again next year.  
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  Keynote Speaker 
 

 

 

 

Jeremy grew up in Pittsburgh but came to Happy 
Valley for both his undergraduate and doctoral 
degrees in mechanical engineering at Penn State. 
Three years into his graduate work, he decided to start 
KCF Technologies along with Professor Emeritus Gary 
Koopmann and another Penn State researcher. They 
wanted to focus on the development of research and 
innovative technology into commercialized products 
and services for both industry and military, which 
remains the vision for the company today. Frank is 
passionate about optimizing American manufacturing 
and promoting a culture of entrepreneurship to drive 
the economy and elevate workers. 

 

 

Keynote Speech 
“Starting a Company out of Penn State Graduate Research: Successes, Failures, and Lessons 
Learned” 

KCF Technologies was founded by Professor Gary Koopmann, Weicheng Chen, and 
Jeremy Frank in November 2000, a few months prior to Frank defending his PhD based on 
research in Professor Koopmann’s mechanical engineering laboratory at the Center of Acoustics 
and Vibration. The company has completed over 18 years of business operations, has been on 
the brink of failure at least twice, and is currently enjoying skyrocketing success. Frank will discuss 
key failures and lessons learned from the journey, along with specific guidance on how professors 
and graduates can launch their own companies directly out of graduate school by leveraging the 
Small Business Innovation Research (SBIR) program. 

Jeremy Frank 
KCF Technologies, Inc. 

President and Co-Founder 
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Industrial Systems & Design 
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Oral Presentations 
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   Oral Presentation Abstracts 
 
 

Simulations & Mechanisms 
Ballroom A 

Simulation Study on Emergency Medical Service Operations at the Centre LifeLink   
Wang, Yidan, Song, Eunhye; Zhang, Huanan 
This study applies simulation techniques to help the Centre LifeLink EMS improve their service to the Centre 
County and thus enhance the community safety. The Centre LifeLink currently operates three bases, 
including one main station and two satellite stations, one of which is going to be relocated upon the lease 
expires. We evaluate performance of the EMS system under the current and relocation scenarios. The 
arrival process of 911 emergency calls received by LifeLink is modeled as a nonhomogeneous Poisson 
process and implemented by thinning and inversion algorithms. We build an interactive simulator between 
Python and the Google Maps API to estimate the travel time of the ambulances. By changing the third 
location to the “optimal” candidate location determined by the ranking and selection (R&S) procedure, we 
find the average response time for ambulances decreases by 13.4 seconds. 

Hybrid Simulation Platform for Modeling Deep Tissue Multispectral Photoacoustic Imaging 
Devices* 
Agrawal, Sumit; Dangi, Ajay; Kothapalli, Sri-Rajasekhar 
In recent years, various clinical applications of photoacoustic imaging are emerging. This paper presents a 
numerical simulation approach that accurately simulates multispectral photoacoustic (PA) imaging of soft 
biological tissue (e.g., breast and prostate). We used finite element based simulations for forward 
propagation of light and backward propagation of acoustic waves, and created an effective hybrid platform 
for simulating PA devices of different configurations. We also developed and applied a spectral unmixing 
algorithm on multispectral photoacoustic images, obtained from multiple optical wavelengths, to map 
different molecules (e.g., Indocyanogreen (ICG), Deoxyhemoglobin (Hb), and Oxyhemoglobin (HbO2)) 
inside the tissue background. Spectral plots and unmixed images clearly delineated molecular contrast 
arising from different regions inside the tissue. The presented simulation platform allows for optimization of 
key design parameters of PA imaging devices, such as size of ultrasonic array and distribution of optical 
sources, to achieve high molecular sensitivity for the targeted clinical application, thus functioning as a 
powerful tool for medical device design. 
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   Oral Presentation Abstracts 
 
 
PoreSurfacer: Tuning Channel Protein Compatibility with Membrane Materials to Make 
Precise Angstrom Scale Filters   
Chowdhury, Ratul; Kumar, Manish; Maranas, Costas D. 
 

Angstrom-size pores with no polydispersity and embedded in a suitable matrix offer the promise of highly 
selective membrane-based separations. Such membranes can provide substantial energy savings in applications 
ranging from water treatment to small molecule bioseparations. Monodisperse angstrom- sized pores in the form 
of membrane proteins are commonplace in biological membranes but difficult to implement in synthetic industrial 
membranes. They have only recently become available as commercial products in the form of aquaporin-based 
membranes. Unfortunately, in these membranes, improvements in selectivity and permeability have remained 
modest with no ability to control selectivity. Here we carry forward our recent successful implementation of a pore 
design procedure, PoreDesigner, to redesign the robust beta-barrel Outer Membrane Protein F (OmpF) as a 
“scaffold” to access several less than 4 Å pore sizes with specific solute selectivity including complete salt 
rejection. In this work we introduce PoreSurfacer, that uses the PoreDesigner-designed narrow channels and 
systematically alter pore surface amino acids to enable incorporation of these pores in variety of membrane 
materials. The elliptic pore constriction of OmpF has major and minor axes lengths of 11 Å and 7 Å, respectively. 
Previously we have demonstrated the successful pore size reduction to < 4 Å. Experimental testing of these 
designs revealed a range of designs that maintain water permeabilities exceeding any reported channel protein 
by more than an order of magnitude at over 10 billion water molecules per channel per second while providing 
specific pore designs that exclude sucrose and larger solutes (>360 Da), glucose and larger solutes (>180 Da), 
or salt and larger solutes (>58 Da). PoreSurfacer provides us the ability to take the sub-nm pores and ensure 
membrane incorporation strategies enabling for conducting Angstrom-scale aqueous separations. 
 
Non-Volatile Memory Design Exploiting Highly Parallel Computing In-Memory Functions 
Jao, Nicholas; Kim, Minhwan; Sampson, John; Narayanan, Vijaykrishnan 
Recent progress in non-volatile memory (NVM) technologies has inspired new opportunities to increase the 
physical proximity between logic operations and memory storage elements. This alleviates the “memory 
wall” challenges stemming from the considerable amount of time and power wasted on migrating data 
between compute and storage elements in conventional Von Neumann computing paradigms. We propose 
a multi-function NVM design, called Non-Volatile Intelligent Memory (NVIM), based on phase change 
memory (PCM) which simultaneously behaves as both a main memory and an accelerator for datacentric 
applications. By leveraging data parallelism across multiple rows in the same array, NVIM efficiently 
reduces the bandwidth demand and computational complexity of memory-intensive workloads, especially 
sorting algorithms and sparse matrix multiplication. 

Parametric Finite Element Analysis of Intramedullary Nail Fixation of Proximal Femur 
Fractures 
Tucker, Scott M.; Wee, Hwa Bok; Fox, Edward; Reid, J. Spence; Lewis, Gregory S. 
Proximal femur fracture fixation with intramedullary nailing relies on stability at the fracture site and integrity 
of the fixation construct to achieve union. The biomechanics that dictate fracture site stability and implant 
stress depend on fracture type as well as implant features such as nail length, nail diameter, presence of 
distal fixation screws, and material composition of the implant. When deciding how to fix a fracture, 
surgeons have choices in these implant-related design variables. This study models all combinations of a 
range of implant variables for nine standard AO/OTA proximal femur fractures using finite element analysis. 
Under simulated maximum load during gait, the maximum stress in the implant and screws as well as 
interfragmentary motions at the fracture site in the axial and shear directions were computed. The results 
were separated by fracture type to show the influence of each design variable on measured biomechanical 
outcomes. Filling the reamed canal with the largest fitting nail diameter reduced axial and shear 
interfragmentary motion for all fracture types. Nail length was less predictive of shear interfragmentary 
motion for most simulated fracture types than other construct variables. Furthermore, gapping at the 
fracture site predisposed the construct to higher implant stresses and larger interfragmentary motions. 
Clinical Significance: Biomechanical outcomes from this computational study can directly aid in surgical 
decision-making for optimizing hip fracture fixation with intramedullary nailing. 
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   Oral Presentation Abstracts 
 
 
Understanding Rotorcraft Noise and Flight Conditions Influencing the Different Noise 
Sources 
Botre, Mrunali; Brentner, Kenneth 
The helicopter has proven to be a very useful type of aircraft with the unique ability to hover, perform vertical 
takeoff and landings, and even operate in sideward and backward flight. The unique flight capabilities of 
rotorcraft also are ideal for search and rescue, law enforcement, and a host of other missions. Recently, 
numerous companies and organizations have been developing novel electric-driven V/STOL aircraft 
concepts for future air taxi services. However, one issue that rotorcraft must deal with is that the noise 
levels must meet both FAA and ICAO noise certification levels and be acceptable by communities. 

Rotorcraft noise originates from a variety of sources, including the aircraft engine(s), rotors, gearboxes, 
etc., but one of the main noise sources when the aircraft in flight is the noise from the rotors. In the paper, 
different rotor noise sources and its directivity will be explored as understanding the physics behind the 
helicopter noise is essential to reduce the overall noise generation. There are two general approaches to 
reducing rotorcraft noise: 1) change the design of the vehicle to reduce the noise, or 2) change the operation 
of the vehicle for noise reduction. The proposed paper will focus on a parametric study of the different rotor 
noise sources as a function of flight conditions and will also provide a visual presentation of forces acting 
on the blades. The study will be conducted using a computational tool developed to predict noise generated 
by a helicopter. 
 
Numerical Simulations of Coal Slurry Impoundments Using Different Pore-Pressure 
Plasticity Models 
Salam, Sajjad 

Coal refuse is typically stored in impoundments in form of slurry. Failure of coal slurry impoundments can 
result in significant spill, loss of human life, and damages to environment and infrastructures. Seismic 
events such as earthquakes and blast are among the main threats to the stability of coal slurry 
impoundments, as the induced cyclic loading may trigger liquefaction of fine coal refuse. In this research, 
the static and seismic stability of coal slurry impoundments were numerically investigated for upstream 
impoundments, which have been found the most problematic configuration. Two advanced constitutive 
plasticity models, PM4Sand and PM4Silt, were adopted to assess the liquefaction potential of coal slurry 
and stability of coal slurry impoundment. An earthquake and a blasting, which had different seismic 
characteristics such as frequency content and peak ground acceleration (PGA), were used as dynamic 
loading scenarios in this study. The coal slurry’s geotechnical properties, specifically the cyclic properties, 
were determined by laboratory and in-situ testing. The input parameters of PM4Sand and PM4Silt models 
were calibrated for the simulation based on the coal slurry’s cyclic responses determined by cyclic direct 
simple shear (DSS) tests. The applicability and limitations of the PM4Sand and PM4Silt models to assess 
the liquefaction potential of coal slurry were compared and evaluated. Plastic behavior of coal slurry in 
terms of shear stress-strain loops and pore pressure build-up was better approximated by PM4Silt. 
Implications of using the two models in simulating the seismic stability of coal slurry impoundments are 
discussed. The earthquake event generated higher pore pressure ratio in the coal slurry compared to the 
blast loading. The shallow deposit is more likely to liquefy. The FCR under sloping ground developed higher 
pore pressure ratio than FCR under level ground. PM4Silt consistently predicted higher pore pressure ratio 
under weak motion such as blast compared to those of PM4Sand. The difference between PM4Sand and 
PM4Silt prediction was more pronounced when stronger motion such as an earthquake was imposed to 
the model. 
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   Oral Presentation Abstracts 
 

Industrial Systems & Design 
Ballroom B 

Implementing Gamification in Engineering Bridge Programs: A Case Study Exploring 
Student’s Player Type 
Lopez, Christian E.; Tucker, Conrad S. 
This work introduces a case study in which the gamified application Kahoot! was implemented in an 
engineering bridge program. Students’ Hexad player type is assessed to gain a better understanding of 
how their player type relates to their perception of the application and game elements employed. 
Gamification has shown great potential for improving the learning performance and motivation of students. 
Nowadays, there exist several gamification applications that facilitate the implementation of game elements 
in educational environments (e.g., Kahoot!). These applications allow educators to implement game 
elements, like Leaderboards and Points, into their learning activities. However, researchers have shown 
that a game element that improves the motivation and performance of an individual might not have the 
same positive effects on another. Moreover, while researchers have studied the effects of gamification in 
educational environments, they tend to overlook how students’ traits confound the effects that game 
elements have on their motivation. In light of this, the authors present a case study in which the application 
Kahoot! is employed in an educational environment. In addition, students’ Hexad player type, their 
perception of the game elements and the application used are assessed. The results reveal that students 
felt motivated by the application. Students with a Hexad player type of Socialiser reported the Team-mode 
element as the most fun, while Achievers reported the element of Points as the most fun. In general, the 
Leaderboard was rated as the most motivating and the element of Time-pressure as the most frustrating. 
These results reveal the capability of gamification to improve students’ motivation, but also indicate that 
individuals respond differently to game elements, which support the potential of personalized educational 
applications. Finally, the lessons learned and the insights gained from the students’ feedback are presented 
to guide educators in the implementation of gamified applications like Kahoot! 
ARCHIE: An Automated Data Collection Method for Physical Prototyping Efforts in 
Authentic Design Situations 
Nelson, Jacob; Berlin, Andrew; Menold, Jessica 
Effective data collection can be one of the most challenging aspects of engineering design research. Design 
projects often occur over periods of weeks, months, or years, making continuous data collection a time-
intensive task. Further, interrupting the design process to collect data can be intrusive and disrupt the flow 
of design. ARCHIE is a system designed to take photos of designers’ physical prototypes, link them to 
designer perceptions of the design, and maintain a record of design evolution over time. The device also 
allows for researchers to leverage 3D scanning and machine learning to automatically analyze aspects of 
the prototype such as geometric complexity or material utilized. This device will allow researchers to collect 
data on physical prototyping efforts in design environments without researcher intervention, reducing the 
burden of data collection in authentic design settings. The device provides designers with an easier way to 
document physical prototyping efforts and record the evolution of their design with photos, 3D scans, and 
descriptions. This work describes the rationale, method, implementation, and testing of ARCHIE using 
student design projects. 
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Looking into Professional Concept Selection in Situ: What Do Idea Generators and Design 
Executives Select Ideas Base on? 
Zheng, Xuan; Miller, Scarlet R. 
Little is known about what factors influence professional concept selection in industry. Previous research 
in this area has mostly been conducted with students or used hypothetical design challenges with 
professionals. This is problematic because such research methods are based on challengeable 
assumptions leaving out the risks and consequences that professionals face in their daily work. Hence, the 
purpose of the current study was to investigate the professional concept selection process in situ and 
identify the impact of the perceived properties of ideas (perceived riskiness, originality, and feasibility) and 
the role of the decision makers (idea generators and design executives) in concept selection. Specifically, 
a mixed method in-situ study was conducted in a small electromechanical company which included 
shadowing a research and development team from the conceptual stage to a final pitch meeting to senior 
executives where a go/ no go decision was made. In addition, surveys and interviews were conducted to 
identify what factors were impacting decision-making. The results showed that the design team and the 
executives selected ideas differently, and that participants showed higher tolerance towards risks as the 
market potential of the ideas increased. The interview data supported these findings and indicated that 
company environment played an important role in concept selection and that the risks and uncertainties 
associated with novel ideas could be mainly due to the unknowns of the market or the level of customer 
acceptance. The findings of this study drew a distinction between professional concept selection studies in 
a laboratory and those in situ and adds into the understanding of factors that influence the decisions made 
during conceptual design stages. 

How Engineering Design Students’ Creative Preferences and Cognitive Styles Impact Their 
Concept Generation and Screening 
Heininger, Katie 
The flow of creative ideas through the engineering design process is essential for innovation. However, 
there have been mixed conclusions on the impact of individual traits on the creative idea generation and 
concept selection process. Understanding these factors can help educators better train students to develop 
creative solutions to engineering challenges. To address this gap, we conducted a continuation of a 
previous study in which we compared several measures of creativity in idea generation and concept 
selection with individual factors as measured with the Kirton Adaption-Innovation inventory (KAI) and the 
Preferences for Creativity Scale (PCS). While the results of our previous study indicated that many factors 
could be predicted using the KAI and PCS inventories, this study found that PCS factors could be used to 
predict original idea generation (p < 0.029), which was not the case with the pilot study. These results 
indicate further studies are required to understand what caused the differences between the two studies to 
be so drastic. 

Do Students Want to Dissect? A Survey of Student Opinions on the Use of Product 
Dissection in the Classroom 
Riegel, Carolyn; Starkey, Elizabeth M.; Hunter, Samuel T.; Miller, Scarlett R. 
Product dissection has the profound ability to create an engaging and active learning environment for 
engineering students. The purpose of this paper was to further investigate students’ perceptions on product 
dissection in the classroom. This paper was developed to provide an examination of the usefulness of 
product dissection for idea generation and how product dissection modules might aid in students’ 
understanding of the activity. The findings of this paper conclude that students felt that the product 
dissection activity was useful, valuable, and enjoyable. In addition, the students indicated, with above 
average scores, that the activity was useful for idea generation and for better understanding how a product 
works. 
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Toward an Ontology of Cognitive Assistants 
Maier, Torsten; McComb, Christopher; Menold, Jessica 
Cognitive assistants such as IBM Watson and Siri are at the forefront of social and technological innovation 
and have the potential to solve many unique problems. However, the lack of standardization and 
classification within the field impedes critical analysis of existing cognitive assistants and may further inhibit 
their growth into more useful applications. This paper discusses the development of an ontology, its classes, 
and subclasses that may serve as a foundation for defining and differentiating CAs. Specifically, the four 
suggested classes include: learning, intelligence, autonomy, and communication. Various assistants are 
described and categorized using the proposed system. Our novel ontological framework is the first step 
towards a classification system for this burgeoning field. 

Evaluating Human Trust for Applications of Convolutional Neural Networks 
Mahajan, Ninad; Li, Matthew; Menold, Jessica; McComb Christopher 
Neural networks comprise a large sector of the ever-growing artificial intelligence industry, and have 
countless applications in higher-level computing. Image recognition, one of these applications, has 
manifested itself in various new technologies. While applications of neural networks have great real-world 
potential, consumer trust in them is unknown. This study investigates human perception of neural networks, 
particularly trust placed in their ability to complete a given task. The neural networks used in this study were 
trained in-house to classify images of design prototypes into two classes: 3D-printed prototypes and 
conventional, non-3D printed prototypes. Study participants were subject to various levels of interactivity 
with a live artificial intelligence demonstration powered by a neural network, and completed a survey 
evaluating their trust after interacting with the system. Results indicate a tendency for users to prefer and 
trust more restrictive artificial intelligence systems, but further data collection will solidify trends in behavior. 
This work will serve as a foundation for future studies investigating and characterizing human-intelligent 
system interactions. 

Complex Solutions for Complex Problems? Exploring the Effects of Task Complexity on 
Student Use of Design for Additive Manufacturing and Creativity 
Prabhu, Rohan; Miller, Scarlett R.; Simpson, Timothy W.; Meisel, Nicholas A. 
The integration of additive manufacturing (AM) processes in the engineering and manufacturing industries has 
led to the need for AM education, particularly focused on design for AM (DfAM). To meet these needs, several 
academic institutions have implemented educational interventions, especially project- and problem-based, for 
AM education. However, limited research has explored how the choice of the problem statement influences the 
design outcomes of a task-based AM/DfAM intervention. This research explores this gap through an experimental 
study with 222 undergraduate engineering students. Specifically, the study compared the effects of restrictive 
and dual DfAM education, when introduced through either a simple or complex design task. The effects of the 
intervention were measured through (1) changes in student DfAM self-efficacy, (2) student self-reported 
emphasis on DfAM, and (3) the creativity of student design outcomes. The results show that the complexity of 
the design task has a significant effect on the participants’ self-efficacy with, and self-reported emphasis on, 
certain DfAM concepts. The results also show that the complex design task results in participants generating 
ideas with greater median uniqueness compared to the simple design task. These findings highlight the 
importance of the chosen problem statement on the effectiveness of a DfAM educational intervention. Further, 
these findings recommend these findings recommend the use of a combination of simple and complex tasks to 
engage students in applying the various DfAM concepts. 
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Modeling Visual Reflection Activities to Analyze Designers’ Perceptions and Emotional 
State 
Vora, A.; Henderson, D.; Bracken, J.; Jablokow, K.; Sonalkar, N. 
When it comes to the assessment of design behaviors and outcomes, direct observations by external 
viewers and subjective reflections by the participants themselves can all yield important information. 
External viewers, for example, may code video evidence or apply design metrics to a designer’s solutions, 
both of which can lead to interesting statistical analyses and detailed insights. In collecting and analyzing 
designers’ personal reflections and perceptions, however, researchers often resort to Likert-type scales, 
multiple choice questions, and/or the occasional open-ended prompt. While these modes of data collection 
are valid and offer the possibility of quantitative analysis, they also constrain participants’ responses to fixed 
sets of options in the case of Likert-type scales and multiple-choice questions and to verbal expressions in 
the case of open-ended prompts. Few examples of other types of reflection activities (e.g., graphical, 
sketching) have been presented or studied in the engineering education literature. 

In this project (which is part of a larger investigation into high performance design teams), we explored 
several creative reflection activities that focus on the use of graphing and other visual techniques for 
recording designers’ perceptions of their design processes and products. Our primary aim was to introduce 
greater richness into the evaluation of designers’ behaviors and outcomes. In this paper, we will discuss 
two of these reflection activities—an emotional state plot and a graphical assessment of a design solution’s 
feasibility, usefulness, and novelty—in the context of a team design challenge. While the designers under 
study worked as teams, each individual designer provided her/his perceptions of the team process and 
solutions using these reflection activities. Our analysis of individual perceptions from 7 design teams of 3-
4 designers each will be reported here. This investigation also includes the cognitive style of each 
participant (as measured by Kirton’s Adaption-Innovation inventory—KAI) as a potential mediating variable 
on the individual perceptions. This paper will provide details of the two reflection activities, our associated 
methods of analysis, findings related to the designers’ perceptions and cognitive styles, benefits and 
limitations of these two reflection activities, and implications for design educators. 
 
Taking the High Road: Heuristic-Guided Solution Search for Computational Design 
Puentes, Lucas; McComb, Christopher; Cagan, Jonathan 
Grammar-based design is typically a gradual process; incremental design changes are performed until a 
problem statement has been satisfied. While they offer an effective means for searching a design space, 
standard grammars risk being computationally costly because of the iteration required, and the larger a 
given grammar the broader the search required. This paper proposes a two-tiered design grammar that 
enhances computational design generation with generalized heuristics in order to provide a way to more 
efficiently search a design space. Specifically, this two-tiered grammar captures a combination of heuristic-
based strategic actions (often observed in human designers) and smaller-scale modifications (common in 
traditional grammars). Rules in the higher-tier are abstract and applicable across multiple design domains. 
Through associated guiding heuristics, these macro rules are translated down into a series of domain-
specific, lower-tier micro rules. This grammar is evaluated through an implementation within an agent-based 
simulated annealing team algorithm in which agents iteratively select actions from either the higher-tier or 
lower-tier. This algorithm is applied to truss generation, which is commonly used for testing engineering 
design methods. Comparisons are made between designs generated using only lower-tier rules and those 
generated using only higher-tier rules. Further tests demonstrate the efficacy of applying a combination of 
both lower-tier and higher-tier rules. 
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Accelerating Lignocellulosic Anaerobic Digestion by Cotreatment 
Bharadwaj, Anahita; Holwerda, Evert; Lynd, Lee R.; Richard, Tom L. 
 
Multi-Isotope Analysis for Fingerprinting Impacts of Oil and Gas Produced Water 
Discharges in the Western U.S. 
McDevitt, Bonnie; Geeza, Thomas; Warner, Nathaniel 

Eighty percent of the United States’ produced water brought to the surface during oil and gas (O&G) 
extraction processes is generated in states west of the 98th meridian. In these arid states, produced waters 
are frequently discharged to surface waters through the National Pollutant Discharge Elimination System 
(NPDES) for beneficial reuse downstream for agricultural purposes. Salinity increases in a major river basin 
in Wyoming impacted by the discharge of NPDES O&G produced water was studied from 2013-2016. 
Anthropogenic salinity sources such as O&G produced water, agricultural return flows, evaporite 
dissolution, and cation exchange were investigated in addition to natural mechanisms such as stream flow, 
evaporation, and precipitation-dissolution of minerals. However, the geochemical techniques employed as 
described in other studies failed to fingerprint a definitive salinity source and instead a combination of 
mechanisms and potential sources. This critical water management knowledge gap led to the need for 
utilizing a multi-isotope approach with strontium, boron and sulfur isotopes (87Sr/86Sr, 11B/10B, 34S/32S) 
to fingerprint salinity sources and pinpoint the source of increasing salinity in the study watershed as has 
been demonstrated in eastern US studies. 87Sr/86Sr, 11B/10B, and 34S/32S were analyzed on surface 
water samples collected from 26 sample sites in August and October 2016 upstream and downstream of 
NPDES discharges. Based on results from 87Sr/86Sr and 34S/32S, O&G is not the source of increasing 
salinity on two of the three study watershed rivers. 
Optimization of Signal Phasing and Timing in a Connected Vehicle Environment with 
Pedestrians  
Liang, Xiao 

Most studies that optimize signal plan with connected vehicle information do not consider pedestrians. 
However, if implemented in real life, although vehicle delay is optimized, pedestrian delay could still be 
large. The objective of this paper is to design an optimization method that include both transportation 
modes. The difficulty is three-fold: An effective estimation method of individual pedestrian arrivals is 
required; The optimization algorithm needs to account for both vehicle and pedestrian discharge 
sequences; The objective function should be carefully designed to consider both modes. To solve these 
problems, a discrete-time control algorithm will first estimate pedestrian arrival time based on available 
pedestrian information and pedestrian flow rate. Then, a set of potential signal phase sequences will be 
randomly generated, where 21 traffic signal phase options are designed to include all reasonable ways to 
discharge vehicles and/or pedestrians from the intersection. For each phase sequence, the corresponding 
vehicle and pedestrian departure sequences will be derived, and the objective value, a weighted 
combination of pedestrian and vehicle delay, can then be calculated. Phase sequences with small objective 
values will be selected to generate another generation, and the steps above will be repeated until a preset 
number of generations. The optimal phase sequence will be implemented, until the next control action. It is 
expected that this control algorithm is able to reduce both the vehicle and pedestrian delay and improve 
the overall intersection operation efficiency. 

 

 

 



 

20 
 

   Oral Presentation Abstracts 
 

Empathically Designing for the Developing World in Engineering Education 
Alzayed, Mohammad Alsager 
In an attempt to train engineers who are also global citizens, international humanitarian engineering projects 
have been integrated throughout engineering education. One of the challenges of humanitarian engineering 
projects is the difficulty of understanding the culture and context of use of the end-user. While previous 
research has found that developing empathy can be an effective means of increase engineering students’ 
understanding of extreme users’ needs, very few researchers have explored the individual factors that can 
promote empathy development in engineering students. The main objective of the current study was to 
explore the role of the design problem and context on their empathy, empathic self-efficacy and motivation. 
Specifically, an exploratory study was conducted with 102 engineering students involved in an 8-week 
design project. The results from this study will inform appropriate engineering education interventions to 
develop empathy in the classroom. 

The Effects of Warning Lead Time on Situation Awareness in Connected Vehicle Systems 
Tan, Xiaomei; Zhang, Yiqi 

Connected vehicle systems (CVS) aim to improve drivers’ situation awareness (SA) by warning the drivers 
of surrounding traffic, and therefore enhance driving safety. However, drivers’ overreliance on CVS could 
potentially impair their ability to maintain SA and driving performance consequently. It is necessary to 
understand the potential negative effects of warning system design on driver SA for exploring optimal 
design solutions and mitigation technologies to help improve driver SA. The present driving simulator study 
was conducted with 32 participants to explore the effects of warning lead time (3s vs. 6s) and SA 
maintaining messages (with vs. without) on driver SA. The driver SA was measured using the freeze probe 
technique -- Situation Awareness Global Assessment Technique (SAGAT) at two time points of the driving 
task. Results revealed that drivers under 3s lead time warnings had statistically higher Level 1 (perception) 
and Level 3 (projection) SA in the first SA probe compared with their counterparts who drove under 6s lead 
time warnings. The implications of the findings support the consideration of the effects of warning lead time 
on driver SA in future design of warning systems in CVS. 
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Low Cost Small Animal EMU Suitable for High-fidelity DC-sensitive 24/7 Recording 
Liu, Jiayang; Bahari, F.; Curry, C.M.; Billard, M.W.; Imhoff, A.; Kimbugwe, J.; Schiff, S. J.; Alloway, K.D.; 
Gluckman, B. J. 

There has been a long-term need for low-cost, highly efficient and high-fidelity recording systems for home-
cage monitoring of animal models of epilepsy. The uses for such systems for exhaustive continuous 
recording spans the establishment and characterization of chronic models of epilepsy and to the 
investigation of long-term trends of seizure expression, the interaction between sleep and epilepsy, and the 
assessment of drug interventions for both seizure and epileptogenesis.  

In previous work, we have developed a low-cost DC-sensitive recording system for chronic mouse 
recordings (Ssentongo 2017) that utilizes commercial off the shelf (COS) integrated circuit components 
(Jain 2011). We have now extended the design to chronic rat recordings. The new system is 1”x1”x0.25”, 
has 16-channel of biopotential recording and a 3-axis accelerometer. It fits into a small 3D-printed box that 
mounts on a rat’s head and is connected through a low-weight USB2.0 cable to a commutator on a 
customized cage. A single-board computer attached to the cage dome acquires data to a network attached 
storage (NAS) through Power over Ethernet (POE) cables. A separate, time-synchronized, low- light 
compatible camera system spools video to the same NAS. The cage base is a standard autoclave- ready 
rat cage, and cages can be changed without interrupting recordings. Individual recording rigs can be 
duplicated for under $1000/rig.  

We present the overall system design, and demonstrate examples of the types of epilepsy and sleep 
monitoring ongoing from the tetanus toxin model of temporal lobe epilepsy. 

From the Simulation Center to the Bedside: Validating the Efficacy of a Dynamic Haptic 
Robotic Trainer in Internal Jugular Central Venous Catheter Placement 
Chen, Hong-En; Miller, Scarlett 

Medical education has seen a wide-spread integration of patient simulators to provide a low-stress and no- 
risk learning environment. However, many simulation-based training systems lack validation of training 
efficacy and skill transfer into clinical environments. Three cohorts of first-year surgical residents were 
trained to place internal jugular central venous catheter (IJCVC) on the dynamic haptic robotic training 
(DHRT) system, which presents multiple patient profiles and personalized learning feedback after each 
needle insertion. The purpose of this study was to compare IJCVC placement performance on patients in 
the intensive care unit completed by robot-trained residents versus traditional manikin-trained residents in 
order to validate the efficacy of training on the DHRT system. Robot-trained and manikin-trained residents 
were evaluated on a 23-item IJCVC placement skills checklist. The checklist evaluates successful 
completion of procedural (e.g. maintaining sterile technique) and technical (e.g. locating the needle position 
on the ultrasound image) IJCVC skills, and tracks areas for improvement such as inadvertent arterial 
puncture or an inability to complete the procedure without assistance. Assessment of IJCVC placement 
results showed that robot-trained residents performed as well or better than manikin-trained residents in 
the clinical environment. This study confirms the translation of these skills from the simulator to the bedside 
using the DHRT system to efficiently and effectively train IJCVC placement. 
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Neural Characterization of Sleep-wake Regulatory Network Via Simultaneous Multi-site 
Multi-modal Measurements in Freely-behaving Animals  
Bahari, F.; Billard, M. W.; Curay, C.; Kimbugwe, J.; Alloway, K.D.; Gluckman, B. J. 

Sleep-wake regulation results from complex interactions among several widely spread nuclei in midbrain, 
pons, and hypothalamic areas. More recently, further brain structures such as ventrolateral periaqueductal 
gray (vlPAG) as well as cell groups in ventral medulla are proposed to contribute to sleep-wake regulation 
circuitry. Identification of the causality of the interactions among these nuclei and transition patterns in and 
out of sleep require simultaneous measurements from the nuclei involved with sufficient spatial and 
temporal resolution. 

We have obtained long-term experimental single- and multi-unit measurements simultaneously from 
multiple of the putative hypothalamic and brainstem sleep-wake regulatory nuclei, along with cortical and 
hippocampal activity, in freely behaving rats. All physiological measurements are acquired continuously 
within multi-day recording sessions with a head-mounted digitizing amplifier that includes a 3-axis 
accelerometer. The hippocampal and cortical recordings, along with head acceleration, are then used to 
classify state of vigilance (SOV). 
We report the first network analysis of the sleep-wake regulatory system derived from simultaneous 
measurements across multiple cell groups involved in sleep-wake regulation. We found that although the 
coarse-grained activity of the cell groups matches the patterns presented previously in head-fixed brief 
recordings from individual cell groups, the firing rates with respect to cortical and behavioral markers of 
state transitions differ in critical ways. These suggest particular underlying cell-group interactions among 
those expected, and pose a fundamental question about what holds the long-term memory of the system. 
 
Location-based Joystick Prediction System for Joystick-Actuated Powered Wheelchairs 
Chang, Nae-Rong; Baum, Taylor; Kao, Kevin 

Patients with mobility deficiencies can be positively impacted by the use of powered wheelchairs which are 
designed to improve the patients mobility, comfort, and societal participation. If one understands the 
relationship between the patients path decision and the wheelchair’s surrounding environments, this can 
reduce the users joystick input and provide for safer driving. Previous work showed that the use of 
previously mapped paths can result in a 70 percent reduction of the user’s joystick input [1]. This prior work 
required significant traversal information including joystick inputs and online location data, however it is 
unclear in implementation how to evaluate if sufficient information is available to use repeated traversal 
information. In order to complete the algorithm, it is important to have more joystick inputs and more paths 
being tested. The proposed method to evaluate a pattern decision algorithm is to collect more time traversal 
and location data from the wheelchair operating in a real-life environment. In order to examine the patients 
behavior under different environments, the participant was driving the wheelchair under five different 
obstacles conditions. After collection of patients manually driven traversals, data sets were implemented 
on the co-adaptive brain computing interface system algorithm. The pattern decision algorithm applied in 
this objective found a significant correlation between the wheelchairs spatial coordinates and user joystick 
inputs. Results demonstrate that wheelchair joystick inputs can be grouped into similar categories while 
driving in different circumstances. In conclusion, under both spatial and temporal wheelchair path 
information, joystick inputs had strongly associated with driving environments. 
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Biomechanical Testing of Additive Manufactured Proximal Humerus Fracture Fixation 
Plates  
Tilton, Maryam; Armstrong, April; Sanville, Jennifer; Chin, Matthew; Hast, Michael W.; Lewis, Gregory S.; 
Manogharan, Guha 

Achieving satisfactory fracture fixation and healing in osteoporotic patients with unstable proximal humerus 
fractures remains a major clinical challenge. Varus collapse is one of the more prominent complications 
that may lead to screw cutout and possibly impingement from subsequent plate malalignment and nonunion 
of the bone. The aim of this study was to compare the fixation provided by conventional locking plates with 
novel design concepts that are now feasible through additive manufacturing (AM) techniques. Reversed 
engineered implants were created to mimic the conventional plate geometry via AM. Additionally, two novel 
implant designs with integrated struts were included in the study to provide medial support to the humeral 
head. The medial strut was either solid or included a porous lattice structure intended to promote bone 
ingrowth. Biomechanical tests were performed using low density synthetic bones with simulated 3-part 
comminuted fractures. Nondestructive quasi-static torsion and compression were performed, followed by 
fatigue testing to failure. The stiffness and relative displacements between the bone fragments were 
measured. The AM manufactured implant with the solid medial strut showed trends towards reduction of 
the fracture displacement during fatigue testing when compared to both conventional and reversed-
engineered locking plates. Similar trend was observed in the group equipped with porous medial plate with 
regards to reduction of the relative motion between the head fragment and the greater tuberosity. AM 
reversed- engineered locking plates showed similar mechanical behavior as the conventional plates with 
identical geometry. This study demonstrates the feasibility and potential of employing alternative design via 
AM for fixation of unstable comminuted proximal humerus fractures to reduce the fracture displacement. 

Bioinspired Design of Precision Antimycobacterial Peptides 
Simonson, Andrew W.; Mongia, Agustey S.; Aronson, Matthew R.; Medina, Scott H. 

The rapid emergence of multidrug resistant (MDR) bacteria threatens to erase the gains antibiotics have 
made in modern medicine. An important contributor to MDR is the human microbiome, which when 
overexposed to antibiotics serves as a reservoir of resistance genes that can be transferred to invading 
pathogens. This urges the development of narrow-spectrum therapies that precisely kill MDR pathogens 
without disrupting commensal flora, thereby adding an important compliment to broad-spectrum antibiotics. 
One class of such agents is antimicrobial peptides (AMPs), which potently kill bacteria through physical 
disruption of their membranes. This lytic mechanism, not shared by conventional antibiotics, allows AMPs 
to be equally effective towards both drug-sensitive and MDR microbes. In an effort to develop 
pathogenspecific AMPs, here, we describe the design of a biomimetic peptide engineered to mimic the 
structure of mycobacterial membrane proteins, thereby precisely killing Mycobacterium tuberculosis 
pathogens, the eponymous causative agent of Tuberculosis. Through biophysical assays we show that this 
peptide rapidly adopts sheet like conformations that potently disrupt the mycolic acid membrane, a key 
component of the mycobacterial cell wall that serves as a diffusion barrier to drugs. Further, this peptide 
permeabilizes the bacterial cell wall to synergistically enhance the potency of a number of clinically 
approved antibiotics. These findings may open new opportunities for therapeutic interventions that 
compliment broadspectrum antibiotic regimens to enhance therapeutic potency and combat the spread of 
MDR disease. 
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Realizing Biological Physically Unclonable Function (PUF) Via Colonized T-cell 
population 
Wali, Akshay 

Due to an increase in the number of computing devices driven by proliferation of Internet of Things (IoT), 
vast networks of physical objects are now connected via digital infrastructures performing tasks involving 
minuscule or no human interaction [1]. Therefore, accurate identification and authentication is of utmost 
importance for any information processing system. Physically unclonable functions (PUF’s) are innovative 
security features that utilize inherent variations by extracting secret information that is unique to a given 
system. In the past, secure key storage and authentication has been implemented using electrically 
erasable programmable read only memory (EEPROM), static random-access memory (SRAM) and 
dynamic random-access memory (DRAM) amongst others [2]. However, they have been shown to suffer 
from invasive attacks thereby requiring additional tamper resistance circuits that are not only expensive but 
also power consuming. Although, methods of manufacturing robust and more secure PUF have been 
realized, little attention has been paid towards exploiting the natural randomness that encompasses several 
biological species for security applications. In this paper, we demonstrate for the first time, a unique PUF 
derived from colonized human T-cell population. Various statistical methods have been applied to study its 
basic evaluation metrics namely: Repeatability (reproducibility), Physical uniqueness (unclonability) and 
Reconfigurability. In conclusion, a comparison with the present state-of-the-art PUF’s reveals its potential 
to emerge as one of the strongest PUF ever reported. 

 

Materials & Mechanics 
Boardroom 2 

 
Binary Polymer Brushes for Switchable Surface Properties via Light-mediated Radical 
Polymerizations 
Li, Mingxiao; Fromel, Michele; Ranaweera, Danesh; Pester, Christian 

Mixed binary polymer brushes are polymer thin films comprised of two chemically distinct and immiscible 
polymers grafted randomly on a surface. Binary polymer brushes can reversibly respond to external stimuli 
by surface microphase separation to minimize the free energy. Thus, binary polymer brushes are potent 
“smart” materials with tunable surface properties. This paper highlights our recent work in combining 
surface-initiated atom transfer radical polymerization (SI-ATRP) and surface-initiated radical addition 
fragmentation transfer polymerization (SI-RAFT) to tailor such stimuli-responsive surfaces with assorted 
polymer choices. Two polymerizations were performed orthogonally under visible light to grow chemically 
distinct polymer brushes. In this work, we describe that photoinduced electron transfer-radical addition-
fragmentation chain transfer (PET-RAFT) polymerization was performed on planar silicon surfaces. The 
use of light allows spatiotemporal control and topographical patterning by using photomasks. Optical 
microscopy was used to characterize the resulting spatial patterned features. Variable angle spectroscopic 
ellipsometry (VASE) and X-ray photoelectron spectroscopy (XPS) were used to characterize the surfaces 
and their responsiveness towards selective solvents. This approach offers a versatile chemistry platform to 
manufacture responsive surfaces with tunable physical properties. 
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Anion Exchange Membranes With pH Responsive Properties 
Caparelli, Clara; Hickner, Michael A. 

Anion exchange membranes (AEMs) are used in a wide variety of separation processes, such as 
electrodyalisis, diffusion dialysis and fuel cells. These membranes act as anion carriers in the 
aforementioned devices and as physical barriers to separate, for example, anode and cathode. The 
performance of AEMs is usually characterized by their conductivity (i.e., anion flux through the membrane) 
as well as their permselectivity (i.e., effectiveness in excluding cations from the membrane). These 
properties are usually static for AEMs of a fixed chemical composition. The objective of this project is to 
develop AEMs with dynamic conductivity and permselectivity, more specifically, an AEM diode that can be 
externally controlled and switch from non-conductive to conductive in different environments. pH responsive 
membranes can be developed by incorporating a terminal dimethylamine (R-N(CH3)2) in a membrane 
matrix. It is expected that at low pH, the amine is protonated into a quaternary ammonium group and the 
membrane becomes a good ion conductor (i.e, high conductivity and permselectivity), while at neutral or 
high pH, it is deprotonated and non-conductive (i.e., low conductivity and permselectivity). This technology 
is interesting as sensors, actuators, and drug delivery systems, and would give ion exchange membranes 
capabilities that are not currently afforded by the traditional static chemistry. 

Improving Mechanical Properties in Castings by Re-Thinking Mold Design via 3D Sand-
Printing  
Martinez, Daniel; Toykoc, Hakan; Sama, Santosh Reddy; Manogharan, Guha 

Additive Manufacturing (AM) is accepted as a transformative technology allowing rapid production of parts 
based on digital models through direct printing of a range of materials (e.g. metals, polymers, and 
ceramics). AM is attractive to manufacturers as it is ideal to produce: (1) Highly complex, (2) Highly custom 
and (3) Low production run parts/tooling. While direct metal AM has garnered most attention in recent years, 
this research focuses on often overlooked “in-direct” metal AM via 3D Sand-Printing. 3DSP is significantly 
cheaper, faster and more alloys are qualified for metal-casting than direct metal AM. In this approach, 
tooling-less 3DSP and cores can be directly fabricated using binder-jetting AM process. 3DSP has been 
proven to increase metal casting quality by replacing traditional designs for sprues, poring basins and 
molds. Parabolic and conical-helix sprue geometries have been previously shown to drastically reduce 
defect volume in 17-4PH stainless steel castings. In this research, the effects on mechanical and 
metallurgical properties of castings filled with mathematically designed sprues are experimentally 
established and contrasted to the conventional straight sprue, for aluminum alloy 319 and casting iron Class 
30. Scanning electron microscopy (SEM), energy dispersive X-Ray spectroscopy (EDS) and computed 
tomography scanning (CT) are used to characterize microstructure, porosity and elemental composition for 
castings via each gating design system. A 10% increase in flexural strength is established for cast Al319 
using the conical-helix sprue geometry while reduction between 23% and 26% of defect volume is identified 
using CT scanning. In casting iron Class 30, no statistically significant differences are found as is expected 
for a long freezing range alloy. 

High-Q GaN Varactors for mm-Wave Applications: A Physics Based Simulation Study 
Chang, Nae-Rong; Baum, Taylor; Kao, Kevin 

Varactors, with its capacitance tunable by applied voltage, are enabling components for reconfigurable RF 
systems. The performance of a varactor could be characterized by its Q factor and the capacitance tuning 
ratio. In this work, we seek to develop a new varactor with very high Q-factor and large tuning ratio, enabling 
reconfigurable RF systems with large bandwidth. There were mainly two innovations in our work, one was 
the use of multichannel structure as varactor design. The structure was composed of multiple AlGaN/GaN 
heterojunctions with high- mobility 2D electron gas. The high-mobility electron gas helped lowering series 
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resistance and improving Q. The 
high breakdown field of GaN-based 
device could result in a larger tuning ratio by reaching a larger depletion width. Another improvement in our 
work was the introduction of FIN structure, in which the electrodes were placed at each side of the channel 
instead of one on top and the other at the bottom or next to mesa. This could eliminate the extrinsic series 
resistance in the conventional varactor diode designs, leading to substantially increased Q-factor. 

 

Ultrasonic Guided Wave Propagation in Long Bones: A Numerical Study  
Guha, Anurup; Aynardi, Michael; Shokouhi, Parisa; Lissenden, Cliff J 

There has been considerable effort put forth to use mechanical waves in biomedical applications. Ultrasonic 
guided waves are extremely sensitive to changes in mechanical properties and the geometry of the 
waveguide in which it travels. For quite some time, it is well known that the long hollow bones in the human 
skeleton support these guided waves. But unlike the simple geometry and material property of a metal plate 
or a cylinder, the long bones have complexities in both of these domains. This makes guided wave study 
in human long bones challenging, however, these guided waves have the potential to provide an effective 
means to manage healthcare during fracture healing and to diagnose and track the progression of 
osteoporosis. 

Here, we use high-definition computed-tomography scan of a human tibial-cortical bone to numerically 
evaluate the ultrasonic guided wave propagation using two distinct numerical schemes. We numerically 
evaluate the dispersion curve for a cortical bone mid-cross-section using semi-analytical finite element 
method. The dispersion curve gives information about the multitude of guided wave modes possible in tibial 
cortex. We also use frequency domain finite element method to evaluate possible modes at specific 
frequencies and verify the results from semi-analytical finite element method. All the numerical simulations 
have been carried out using a commercially available finite element software package. 
 
Haptic Feedback in Conversational Remote Sighted Assistance for the Visually Impaired  
Reddie, Madison; Rosson, Mary Beth; Carroll, John M. 

A new age of assistive technologies for people with visual impairment (PVI) utilizing remote sighted 
assistance (RSA) is being ushered in and helping PVI to achieve more and in manners described as 
mirroring sighted behavior. Investigations have revealed that video-mediated conversational RSA is 
extremely valuable but has room for improvement, which motivated this study. We examined existing RSA 
services and have created a new model, integrating a parallel communication channel using haptic 
feedback into the conversational interaction to address problems stemming from the need to get large 
amounts of information across in compressed time periods. We created a wristband with four vibration 
motors controlled by an android application via Bluetooth to deliver vibrational signals indicating obstacles 
or directional instructions to PVI. We tested this in conjunction with conversational interaction as a 
comprehensive RSA system with blindfolded sighted subjects in preliminary experiments and with PVI at a 
National Federation of the Blind Conference in different artificial scenarios. Our participants felt positively 
about the simultaneous multimodal communication and saw many applications for it. This study can serve 
to inform future RSA technology development and research into the use of parallel communication channels 
to maximize the volume and speed of information transmission from remote assistants to PVI. 
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Machining Behavior and Material Properties in Electron Beam Melting Ti-6Al-4V 
Gong, Xi; Manogharan, Guha 

Although Additive Manufacturing (AM) has unique advantages in processing complex part designs using 
superalloys, metal AM parts currently do not meet the part tolerance and surface finish requirements for 
most mechanical applications. Hence, there is a growing need for integrated metal hybrid manufacturing 
through both “in-envelope” and “sequential” additive-subtractive manufacturing. Metal hybrid manufacturing 
integrates the unique advantages of desirable surface finish and tighter tolerance in subtractive 
manufacturing with the ability to produce complex geometries in AM. Since AM parts are inherently different 
from traditional materials (e.g. anisotropy, residual stress), there is a critical gap in the literature to correlate 
as-build AM material properties, material characterization, tooling, machining parameters on resulting 
specific cutting energy and surface morphology. This study would be the first known effort to report the 
influence of AM process parameters that would lead to varying microstructures (such as wrought vs. 
Electron Beam AM process, build orientation) and subtractive parameters which will lead to varying cutting 
force and specific cutting power (such as feed, speed and depth of cut). Effects of AM processing on cutting 
coefficients and resulting surface morphology are reported in this study using Ti-6Al-4V AM material 
processed using Electron Beam Melting (EBM). For machining Taguchi experiment, 2 levels of material, 3 
levels of depth of cut, feed, and speed were applied. The results show the material characterization 
difference on EBM Ti-6Al-4V XY and XZ plane lead to difference on specific cutting power. The Findings 
from this study can be used to predict machining behavior based on material characterization, phase 
fraction and properties. In the future, this study may lead to optimize the AM process parameters for post-
processing to achieve better surface morphology and tolerance and tool wear behavior. 
Validity of Pendulum-Like Accelerometry Measurement of Postural Stability Under 
Varying Balance Conditions Comparing Sensor Positioned On The Lower Back 
Lyu, Shubo; Frevalds, Andris; Downs, Danielle Symons; Kim, Ellie; Piazza, Stephen 

The body-worn inertial measurement unit (IMU) has been widely used in postural stability and balance 
studies, for its low cost and high convenience level of use. In most studies, a single IMU sensor for postural 
stability was put on the lower back, which is near the center of mass (COM) and proved higher accuracy 
than attaching on other body areas. However, it is only useful in the laboratory environment and short-term 
measurement. For specific populations like pregnant women, it is unlikely for them to wear the sensor on 
the lower back for long term study in the real-world environment doing daily activities. Thus, a better location 
and a comfortable way for sensor measurement are essential. This study aims to implement a pendulum-
like IMU sensor placed near the sternum to simulate a natural way of wearing. The acceleration data were 
acquired using two IMU sensors – one was fixed on the lower back, the other was more flexible moving like 
a pendulum around the sternum area, from 2 young healthy graduate students. A total of six static balance 
tasks were performed, which mainly included double-leg, tandem, and single-leg standing with eyes open 
and closed, each performed two repetitions. Anterior-posterior (AP), medial-lateral (ML), and vertical (V) 
direction accelerations were examined, along with standard deviation. Results indicated that the pendulum-
like sensor with slightly curved base showed better patterns of body sways, which provided a better and 
comfortable measurement method. 
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Simulations & Mechanisms 
Ballroom A 

Simulation Study on Emergency Medical Service Operations at the Centre LifeLink   
Wang, Yidan, Song, Eunhye; Zhang, Huanan 
This study applies simulation techniques to help the Centre LifeLink EMS improve their service to the Centre 
County and thus enhance the community safety. The Centre LifeLink currently operates three bases, 
including one main station and two satellite stations, one of which is going to be relocated upon the lease 
expires. We evaluate performance of the EMS system under the current and relocation scenarios. The 
arrival process of 911 emergency calls received by LifeLink is modeled as a nonhomogeneous Poisson 
process and implemented by thinning and inversion algorithms. We build an interactive simulator between 
Python and the Google Maps API to estimate the travel time of the ambulances. By changing the third 
location to the “optimal” candidate location determined by the ranking and selection (R&S) procedure, we 
find the average response time for ambulances decreases by 13.4 seconds. 

Hybrid Simulation Platform for Modeling Deep Tissue Multispectral Photoacoustic Imaging 
Devices* 
Agrawal, Sumit; Dangi, Ajay; Kothapalli, Sri-Rajasekhar 
In recent years, various clinical applications of photoacoustic imaging are emerging. This paper presents a 
numerical simulation approach that accurately simulates multispectral photoacoustic (PA) imaging of soft 
biological tissue (e.g., breast and prostate). We used finite element based simulations for forward 
propagation of light and backward propagation of acoustic waves, and created an effective hybrid platform 
for simulating PA devices of different configurations. We also developed and applied a spectral unmixing 
algorithm on multispectral photoacoustic images, obtained from multiple optical wavelengths, to map 
different molecules (e.g., Indocyanogreen (ICG), Deoxyhemoglobin (Hb), and Oxyhemoglobin (HbO2)) 
inside the tissue background. Spectral plots and unmixed images clearly delineated molecular contrast 
arising from different regions inside the tissue. The presented simulation platform allows for optimization of 
key design parameters of PA imaging devices, such as size of ultrasonic array and distribution of optical 
sources, to achieve high molecular sensitivity for the targeted clinical application, thus functioning as a 
powerful tool for medical device design. 
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1. Impact of the Electric Field on the Ionization and Electrophoretic Mobility of 

Acetophenone in Crosslinked Polyethylene 
Hamedi, Hossein 

Crosslinked polyethylene (XLPE) is preferred over low density polyethylene (LDPE) in high voltage 
cable fabrication due to its better thermomechanical stability at high working temperature. The 
crosslinking process results in radical-initiated crosslinking of polyethylene chains and forms 
byproducts such as acetophenone. The presence of the byproducts has been reported to be the 
source of space charge buildup in polyethylene. The accumulation of space charge can lead to 
significant electric field distortion, accelerated aging, and premature dielectric failure. 
 
LDPE pellets are pressed at high pressure and temperature to make one-millimeter-thick films. The 
crosslinking byproducts are placed on top of the films in a confined space. The whole system is 
sandwiched between two electrodes to apply the electric field. The current-voltage measurement is 
performed to investigate charge transfer and the byproduct ionization rate. The films are cross-
sectioned after the test and analyzed with infrared spectroscopy (FTIR) to measure the byproduct 
penetration extent. 
 
The current-voltage measurement reveals the possibility of field-assisted ionization in the 
acetophenone at high electric fields. An exponential relation is observed between the current and the 
applied field suggesting that the ionization rate grows exponentially with the applied field. FTIR 
mapping shows more penetration of the acetophenone in the presence of an electric field, which 
supports the hypothesis of electrophoretic transport of the positive ions. 
 
Space charge buildup in polyethylene enhances the local electric field and may result in dielectric 
failure. The goal of this research is to characterize charge generation mechanisms and electrophoretic 
transport in polyethylene.  

 
2. Three-dimensional Voxel-based Finite Element Analysis of Dental Implants 

Reigh, Kayla; Su, Kangning; May, Qiyuan; Hossaini-Zadeh, Mehran; Lewis, Gregory; Du, 
Jing 
 
Three million Americans have dental implants and that number is growing by 0.5 million each year. A 
recent study reported that patients with risk factors have long-term implant success rate of 65%. Dental 
implant failure is associated with bone resorption in the buccal plate. Bone is a living tissue and adapts 
to changes in mechanical loads. It is needed to study implant-bone biomechanics. 
 
In this work, finite element analysis was carried out to study the strain in alveolar bone under dental 
implant loading. Micro X-ray computed tomography scans of dental implants were converted to voxel-
based finite element models. The bottom parts of the models were fully constrained. A static load of 
100 N was distributed on the top surface of the implant to mimic the normal chewing and biting force. 
The strain in bone under implant loading was computed. 
 
The results show when the load was applied, the implants pushed into the tooth sockets and pressed 
on the alveolar bone. High strain appeared at implant-bone contact areas, and strain decreased as it 
moved away from the implants and manifested into the supporting bone. High strain appeared on the 
surface of the buccal bone. The strain concentration on the surface of the lingual bone was not 
substantial. The computed strain patterns are in good agreement with prior experiments. Clinically, 
the most commonly observed bone resorption region is in the buccal bone. The possible directions of 
future work include investigation of implant-bone biomechanics and bone remodeling processes.  
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3. Modeling of Laminated Reinforced Composite with Carbon Nanotube Interlayers to 
Estimate Damping in a Rotorcraft Blade 
Prakash, Keerti 
 
The traditional lag dampers used in rotorcraft application are unable to produce adequate levels of 
damping for 2X speed coaxial compound rotorcraft which use rigid, hingeless blades. The current 
paper shows the possibility of having an intrinsic passive damping solution through the use of carbon 
nanotubes (CNTs) embedded in the interlayer region of a carbon fiber reinforced epoxy composite 
laminate. The CNTs are assumed to have a reversible stick-slip damping mechanism in the composite. 
The dissipation caused by the slip between the CNTs and the epoxy matrix is proportional to the 
slippage length of the CNTs. A laminated composite model is used to simulate a spar with alternating 
plies and CNT interlayers. The model is used to predict the stresses, strains and damping associated 
with the plies and interlayers. The laminated composite damping model is validated by comparing the 
predictions with experimental results from the literature. The model is used to demonstrate the effect 
of the CNT interlayers on the damping of the composite blade. The effect of blade RPM and key CNT 
parameters such as aspect ratio (l/d) and critical shear stress (Ï„c) on the damping of the blade is also 
investigated. A loss factor of over 8% and 6% was observed with optimally configured parameters for 
soft and stiff in-plane rotors respectively. Overall, the results suggest significant damping 
augmentation is achievable from the use of CNT interlayers in carbon/epoxy blades. 

 
4. SI-PET-RAFT: Surface-Initiated Photo-Induced Electron Transfer-Reversible Addition-

Fragmentation Chain Transfer Polymerization 
Li, Mingxiao; Fromel, Michele; Ranaweera, Dhanesh: Rocha, Sergio; Boyer, Cyrille; Pester, 
Christian W.  

 
 
5. Retrofitting Safe Entry Technology onto On-Farm Grain Bin Structures 

Dryer, Michael  
 

Grain bins are regarded as one of the most hazardous working environments in the agricultural sector. 
While OSHA federal regulations mandate entrants wear a harness and lifeline while in a bin, farms 
with less than 10 employees are exempt from all OSHA requirements. Most entrapment and 
engulfment incidents occur at these ~260,000 OSHA exempt grain storage facilities. If these facilities 
possessed and properly implemented safety technology, many of these incidents could be prevented. 
In August 2018, ASABE standard ANSI/ASABE S624 was approved, recommending that all new grain 
bins produced have anchor points capable of handling a 2000lbf loading for attachment of bin entry 
life line systems. However, many preexisting grain bins do not have these anchor points. The purpose 
of this research is to determine if on-farm grain bins are structurally compatible for retrofitting anchor 
attachment points. This will be accomplished by using CAD-based analysis and finite element analysis 
(FEA) techniques to determine suitable anchor point locations and associated maximum loading limits. 
It is anticipated that preexisting grain bins will easily accommodate retrofitted safe entry anchor points. 
The CAD model FEA analysis will be validated using non-destructive load testing. Results will be used 
to create a proof of concept engineering tool for manufacturers to create retrofit kits for on-farm grain 
bins. 
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6. Quantifying Zirconium Hydride Microstructure Using Image Analysis on MATLAB 
Cailon Frank; Pierre-Clément Simon; Motta, Arthur T. 
 
Zirconium allows are widely used as fuel cladding tube material in light water reactor. During normal 
operation conditions, hydrogen is produced on the outer layer of the cladding, and a fraction of this 
hydrogen is absorbed by the cladding. When the concentration of hydrogen reaches the solubility limit, 
it precipitates into circumferentially oriented hydrides. During thermomechanical cycles necessary for 
the preparation for dry-storage of the spent fuel, hydrides progressively become more radial. Because 
they are brittle, these radial hydrides reduce the structural stability of the cladding. Quantifying hydride 
orientation is thus crucial to asses cladding integrity. The current model for quantifying hydrides 
microstructures uses the radial hydride fraction (RHF). The radial hydride fraction ranges from zero to 
one. At zero all hydrides are circumferential, and at 1 all hydrides are radial. The radial hydride fraction 
is defined as RHF=(ˆ‘_i–’ã€–L_i fã€—_i )/(ˆ‘_i–’L_i )    with f_i and L_i the weight and length of the i^th 
hydride. The current method to determine these values is to measure the length by hand and assign 
a weight to the hydrides that is zero for all hydrides oriented 0 to 40 degrees, .5 for all hydrides oriented 
40-65 degrees, and 1 for all hydrides oriented 65 to 90 degrees. This method is crude and time 
consuming because it only accounts for 3 categories of weighting and require hand measurements. 
The goal of this research will be to develop a better method of measuring the RHF, based on 
automated image analysis of the cladding microstructure. 
 
 

7. 3D Contact and Strain in Alveolar Bone Under Tooth/Implant Loading  
Zhou, Yuxiao; Gong, Chujie; Hossaini-Zadeh, Mehran; Du, Jing 
 
In situ mechanical tester was coupled with micro-CT to investigate the effect of alveolar bone socket 
geometry and implant anchorage on bone-implant contact interface and the resulting strain 
distributions in bone. Compressive axial load was applied to occlusal surface of teeth to simulate 
chewing force. Then the teeth were extracted and dental implants were placed immediately. The same 
compressive load was applied to bone-implant complexes. Using image processing and digital volume 
correlation, the displacement and strain field in the mandible bone were calculated. Strain distribution 
within bone-implant complex was compared with strain within bone-tooth complex. Implant and teeth 
not only differ in their mechanical properties and angulation, but also differ in the way they transmit 
mechanical loading. High strain concentration was observed in the mandible bone under implant 
loading, as well as the limited contact area between bone and implant.  While in bone-tooth complexes, 
the periodontal ligament (PDL) acts as a load buffer and dissipates the stress and strain to the bone. 
The clinical implications of the results are discussed for the designs of bioinspired dental implants.  
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8. Development of Magnesium Doped Citrate Polymer Composites as 3D Printable, 

Bioactive Orthopedic Scaffolds 
Knappman, Sarah 
 
Biodegradable polymer composites offer potential alternatives to bone auto- or allografts, 
necessitating their development. Citrate-based crosslinked biodegradable polyester, 
poly(octamethylene citrate (POC)), along with addition of calcium phosphate (hydroxyapatite (HA)) 
particles, creates a biodegradable polymer composite comparable to the material and structural 
properties of natural bone. Yet, despite the interactions between POC and HA that replicate the 
collagen protein elastic matrix and mineralized regions of bone, respectively, POC still displays several 
disadvantages. POC/HA composites fail to match natural bone strength. In addition, POC is incapable 
of melting and the composites require lengthy and inefficient processing, limiting the ability to generate 
complex shapes. Addition of magnesium oxide (MgO), capable of contributing to osteogenic 
processes within newly forming bone tissue concurrent with its role as an antibacterial agent, has been 
demonstrated to rapidly self-set POC/HA, transitioning from liquid to solid in less than 2 minutes. 
Mechanical properties of the resulting set materials meet or exceed those of natural bone, resulting in 
the generation of complex, patient specific scaffolds capable of supporting bone regeneration through 
injection molding and 3D printing. Systematic testing has led to a predictive mathematical model of 
setting time as well as revealing the applicability of MgO based setting to the full family of citrate-based 
materials, demonstrating a high degree of tunability and potential to incorporate additional active 
properties. Finally, incorporation of MgO is shown to maintain biocompatibility, making POC/HA/MgO 
an exciting advance in orthopedic material design. 

 
9. Spontaneous Seizure-Associated Spreading Depolarization Relationship with Heart 

Rate in a Chronic Rodent Model of Temporal Lobe Epilepsy  
Curay, C.M.; Bahari, F.; Liu, J.; Kimbugwe, John; Schiff, S.J.; Alloway, Kevin D.; Gluckman, 
Bruce J.;  
 
Previous studies assumed that Spreading Depression (SD) and Seizure dynamics were closely 
associated and early acute (evoked) seizure investigations were accompanied by the emission of SD 
waves (eg. Van Harreveld 1953). There has recently been renewed interest in the link between seizure 
and SD - including theoretical work implicating that these arise from a unified set of instabilities (Wei 
2014), and from the hypothesis that Sudden Unexpected Death in Epilepsy is mediated by SD invasion 
of brainstem (Aiba 2015). We have reported that SD has been consistently observed in the tetanus 
toxin model of temporal lobe epilepsy. We have now extended our model to collect electrocardiogram 
(EKG) data alongside the SD recordings. Heart rate fluctuations have been reported in many different 
seizure models, but now we are looking at the relationship between SD and potential EKG fluctuations, 
e.g. arrythmias. Because these SD events can sometimes include increased post 
electroencephalography (EEG) activity, we will also look at the dynamics these events have on the 
overall EKG data. These data may provide a platform for mechanistic investigation of seizure-SD 
dynamics in chronic epilepsy and cases of sudden unexplained death in epilepsy (SUDEP), ultimately 
leading to new interventions and treatment approaches. 
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10. Spatial Manipulatives for Complex Image Data 
Schwartz, Alena; Pehanick, Chloe; Lazzaro, Sam 
 
Three dimensional objects (such as complex medical image or design data) can be better understood 
when utilizing spatial manipulatives, which are tools used to enhance cognition and understanding for 
abstract concepts. By designing a tool to virtually slice through an object, we hypothesize that 
understanding in spatial reasoning may increase. The objective of this research was to prototype a 
system to serve as a spatial manipulative for generic engineering data, that allows users to interact 
with 3D data using their hands in real time. As a first step towards the prototype system, two sub-
systems were developed in parallel: a physical sensor and a software visualization. The physical 
sensor sub-system was composed of an Arduino microcontroller and an Ultrasonic Sensor (HC-
SR04), and the software visualization subsystem was implemented in MATLAB. The ultrasonic sensor 
measures a value of distance to the user’s hand and provides that value to MATLAB. The next step 
would be to compute these values into MATLAB by developing a type of equation or system in the 
program in order to “slice” through an object to depict a cross section of its area. After creating this 
intuitive part slicing system, cognition in spatial reasoning will be assessed through a series of 
cognitive studies. By combining the benefits of physical and virtual manipulatives, AR technology has 
the potential to greatly improve learning. Both students and practitioners can greatly improve their 
understanding of complex systems. 

 
11. Implantable Focused and Microscopic Ultrasound Neuromodulation 

Gougheri Sadeghi, Hesam 
 
Stimulation of brain activity to induce transient physiological effects by inhibition and excitation of 
neuronal tissues has the potential to enhance our perceptual, motor, and cognitive capabilities, as well 
as to restore sensory and motor functions lost through injuries or diseases. Current neuromodulation 
methods suffer from a tradeoff: either they provide large spatial coverage noninvasively while yielding 
a poor spatial resolution of several millimeters or more (e.g. transcranial ultrasound, magnetic, 
electrical modalities), or they provide sub-mm resolution while yielding a limited coverage of hundreds 
of neurons through extremely invasive parenchymal implantation (electrical and optical modalities). 
Therefore, new methods that enable minimally invasive sub-mm-resolution neuromodulation at a large 
scale are needed for the neural interfaces envisioned for the future. 
 
We propose implantable microscopic ultrasound stimulation (IMUS) and implantable focused 
ultrasound stimulation (IFUS) as implantable methods for neuromodulation to achieve high spatial 
resolution (sub-mm) with minimum invasiveness. In the IMUS, one or more sub-mm-sized ultrasound 
transducers, mounted on a flexible thin substrate, are implanted inside the brain parenchyma to deliver 
local ultrasound pressure for stimulation without any direct electrical contact with the tissue. In IFUS, 
an array of ultrasound transducers are placed on the brain surface to steer a focused beam towards 
neural targets. Compared with IMUS, IFUS will be our primary stimulation mechanism because it does 
not require the insertion of transducers inside the brain parenchyma (less invasive). 
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12. CD44-targeted Bioresponsive Nanogels for Anticancer Gene Therapy  

Lawanprasert, Atip; Simonson, Andrew. W; Liu, Yiming; Hayes, Daniel; Medina, Scott H.; 
 
Glycans are multi-branched sugars displayed from the surfaces of eukaryotic cells, which play critical 
roles in cell development, growth and survival. Conversely, disruption of glycan synthesis is 
fundamental to various human diseases, including cancer where aberrant glycosylation drives the 
initiation and malignancy of many tumor types. Lectins are a family of proteins that recognize and bind 
to glycoconjugates with sugar-specificity, and thus represent powerful biochemical tools to probe 
pathways important to cancer biology, while in some cases also disrupting cell function. Here, we 
report our efforts to identify the fundamental roles of glycoproteins in cancer cell biology, facilitated by 
a library of &gt;80 novel lectins discovered by the Marden Lab (Penn State, Biology) from 
transcriptome analysis of tropical forest root samples. The first of these lectins to be synthesized 
(referred to as Lectin-1) selectively binds to the surfaces of epithelial cancer cells and elicits antitumor 
responses with unprecedented potency (picomolar concentration), while being nearly completely 
inactive towards non-cancerous healthy cells. More recently we have found that Lectin-1, along with 
another candidate from the library (Lectin-10), display strong inhibitory activity towards an array of 
pathogenic fungi. Collectively, these results highlight the potential of these lectins to transform 
approaches in precision diagnosis and therapy, while advancing knowledge on how proteins obtained 
from diverse ecological sources can be strategically used to probe glycan signaling and combat 
disease. 
  
 

13. Diffusion of Growth Factors From Aptamer Functionalized Hydrogels 
Abune, Lidya; Zhao, Nan; Lai, Jinping; Wang, Yong 
 
A wide range of biomaterials has been developed to improve the localized delivery of growth factor for 
therapeutic angiogenesis. Hydrogels are prominently used as carrier system as they possess a similar 
structural property to the native extracellular matrix. However, hydrogels alone are incapable of 
sequestering and releasing growth factors in a timely fashion. They have to be functionalized with 
biomolecules to provide binding sites for soluble signaling molecules for continued cell stimulation. 
Aptamers are promising biomolecules serving as binding sites for growth factors. The purpose of this 
study is to synthesize macroporous hydrogels with multiple biochemical cues to retain and sustain 
release multiple growth factors vital for angiogenesis. Vascular endothelial growth factor (VEGF) and 
basic fibroblast growth factor (bFGF) have demonstrated a synergistic effect in enhancing 
angiogenesis. Thus, in our system, macroporous polyethylene glycol (PEG) hydrogels were 
functionalized with anti-VEGF and anti-bFGF aptamers to provide binding sites for VEGF and bFGF 
respectively. Aptamer-functionalized hydrogels were able to effectively sequester and sustain release 
the growth factors. In addition, hydrogels efficacy in enhancing cell proliferation, tube formation, and 
cell migration is assessed. Moreover, the chicken embryo chorioallantoic membrane (CAM) ex ovo 
culture is utilized to examine the angiogenetic activity of the hydrogels. The proposed design holds 
great potential for increasing the efficacy of macroporous hydrogels for biomedical applications such 
as wound healing and regenerative medicine.  
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14. Investigating the Effects of Histotripsy and Dry Needling on the Mechanical Properties 
of Tendon 
Khandare, Sujata: Klein, Bailey; Geary, Colby; Kuang, Sizhe; Smallcomb, Molly; Simon, 
Julianna; Vidt, Meghan E. 
 
Shoulder pain is a leading cause of physical therapy visits and constitutes nearly 20% of all visits. 
Rotator cuff injuries are the primary cause of shoulder pain, as it provides stability and mobility, 
rendering it prone to injury. Surgery is sought to repair rotator cuff tears, but success rates are variable. 
Non-surgical techniques such as dry needling, a “peppering” of the tendon with a small gauge needle, 
is thought to initiate healing factors to improve tendon recovery. Unlike dry needling, histotripsy 
ultrasound is a non-invasive technique that holds potential to target the injured portions of the tendon 
to initiate healing factors. It is currently unknown how histotripsy or dry needling affect tendon 
mechanical properties, which are a primary concern for the tendons because of the large mechanical 
loads they experience. Therefore, the objective of this study is to measure the mechanical properties 
of tendon exposed to dry needling and histotripsy, and the effect of tendon microdamage on factors 
indicative of healing. Using a Materials Testing System, we will perform mechanical testing of rat 
Achilles tendons; including cyclic loading, stress relaxation, and load to failure. Parameters of interest 
include Young’s Modulus and ultimate and yield stress and strain. Outcomes will be compared across 
groups using ANOVA analyses to measure the effects of histotripsy and dry needling. Histology will 
be used to identify mechanical disruption of the target area. Future work will continue to optimize 
histotripsy techniques and possibly lead to development of non-invasive approaches to improve 
tendon healing in human patients. 
 

15. Human-and Brain-Machine Interfaces: The Eyelid Drive System and Brain State 
Inference 
Graybill, Philip; Gluckman, Bruce; Kiani, Mehdi 
 
The Eyelid Drive System (EDS) is a hands-free assistive technology (AT) that uses combinations of 
blinking with both eyes and winking with one eye as commands to control a personal computer or 
other assistive device. Hands-free assistive technologies improve the quality of life for persons with 
severe disabilities resulting from spinal cord injuries, amyotrophic lateral sclerosis (ALS), multiple 
sclerosis (MS), and other conditions. Modes of input for other hands-free ATs include voice 
commands, electroencephalogram recordings (EEG), head movement, breath pressure, tongue 
movement, and electro-oculogram (EOG), to name a few, each of which presents particular 
advantages and disadvantages. By inductively sensing eyelid movement with a specialized pair of 
glasses, we have enabled a mode of hands-free control that is immune to ambient noise and lighting 
conditions, avoids the need to speak or apply head or breath pressure, and is visually unobtrusive. 
The initial prototype is currently programmed to discriminate 8 different commands using an amplitude 
thresholding algorithm. In initial trials, human subjects have achieved a group mean accuracy of 
96.3%, using 4 commands at a response time of 3 sec/command, and an information transfer rate 
(ITR) of 56.1 bits/min, using 6 commands at a response time of 1.5 sec/command. Subjects also 
navigated a cursor through an on-screen maze using four directional commands and start and stop 
commands. 
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16. Reversible Hybridization Chain Reaction for Protein Imaging 
Davis, Brandon; Shi, Peng; Wang, Yong  
 
Diagnostic tests often require a large quantity of blood or tissue samples in order to reach a 
measurable amount of the biomarker of interest. Advancements in the field of signal amplification 
would allow for the use of lower sample volumes and less invasive techniques to make the same 
observations. Additionally, signal reversibility reduces the sample volume by recycling the target for 
further multiple test. This work showcases the ability to utilize chemical conjugations and DNA 
hybridization chain reaction (HCR) to develop a novel and reversible signal amplification technique. 
Flow cytometry results indicate the amplification and reversibility properties of this design over 
monovalent and commercial controls groups. Cell staining studies demonstrate the ability to observe 
the presence of a target protein with decreased expression levels of the target and reduced antibody 
concentrations. 
 

17. Optimal Sensor Placement for Space-time Potential Mapping and Data Fusion 
Zhu, Rui; Yao, Bing; Yang, Hui; Leonelli, Fabio  
 
Current ECG imaging (ECGi) systems deploy a large number of ECG sensors so as to provide the 
high-resolution body surface potential mapping (BSPM), rather than a limited number of leads for ECG 
signals as in traditional sensing systems. The availability of BSPM signals was shown to substantially 
improve the early detection of life-threatening heart disease, as well as provide imaging capability to 
observe subjects with high risks beyond the confines of high-end healthcare settings. However, most 
of existing ECGi systems employ an approximately uniform distribution of hundreds of ECG sensors 
on the body surface. Very little has been done to investigate the optimal sensor placement for BSPM. 
In this paper, we propose a new optimal sensing strategy that is tailored to search the optimal number 
and locations of sensors, thereby improving the design of ECGi systems. First, we develop a greedy 
algorithm to sequentially place ECG sensor on the body surface that will maximize the information 
gain at each step. Second, we leverage the available sensor data to develop a spatiotemporal model 
of cardiac electrical activity on the body surface, as opposed to separating temporal analysis of ECG 
signals at each sensor location. Third, we study the algorithmic convergence and stopping criteria by 
evaluating diminishing return of the placement of two sequential ECG sensors. Experimental results 
show that the optimal placement strategy with 30 sensors yields the R square statistics of 98.35%, 
99.29%, and 97.18% for BSPM during the P, QRS, T waves, as well as an average R square statistics 
of 97.71% for 12-lead ECG, 99.44% for 3-lead VCG. The proposed methodology has strong potentials 
to help further improve the design of ECGi systems. 
 

18. 3D Full-field Mechanical Measurement of Glenoid Bones under Implant Loading 
Gong, Chujie; Zhou, Yuxiao; Lewis, Gregory S.; Armstrong, April. D; Du, Jing 
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19. Preliminary Fluid Dynamic Studies of Accelerated Wear Testing on Bioprosthetic 
Heart Valves 
Ponnulari, Sailahari V.; Hsu, Ming-Chen; Sacks, Michael S.; Manning, Keefe B.  
 
For testing the fatigue of bioprosthetic heart valves (BHVs) in a timely manner, the U.S. Food and 
Drug Administration mandates that BHVs be tested with an accelerated wear tester (AWT), in 
accordance with ISO:5840. Due to the high frequency testing and the non-physiological conditions 
observed in AWTs, the mechanism of in vitro valve fatigue may not accurately predict in vivo fatigue 
mechanisms. Therefore, this study aims to quantify the fluid dynamics of AWTs, with BHVs, using high 
speed particle image velocimetry (HSPIV). A TA Instruments Durapulse AWT cycles a commercial 
bioprosthetic valve at 900 bpm in a glycerin water solution that matches the asymptotic viscosity of 
40% hematocrit blood. A transvalvular pressure of 100 mmHg was maintained across the closed valve 
for about 20% of the cycle. The effective orifice area was imaged using a Phantom high-speed camera 
and segmented in MATLAB. HSPIV was performed to quantify the flow in three planes (center line 
and ±5 mm from the center line), for twelve points of the cardiac cycle.  Fluid enters the distal chamber 
through the BHV as an asymmetric jet during inflow. Eddies randomly form in the distal chamber and 
demonstrate a level of three dimensionality. While the valve is closed, a recirculating flow pattern 
persists directly downstream of the valve. Gaining knowledge on the influence of the jet, the random 
eddies and the non-physiological testing frequency could contribute to understanding fatigue 
mechanisms imparted by AWTs. 
 

20. The effect of Crystal composition on the Color Doppler Ultrasound Twinkling Artifact 
Rokni, Eric; Simon, Julianna C. 
 
The color Doppler ultrasound twinkling artifact, or localized areas of rapid color shifts, has been used 
to diagnose kidney stones with ultrasound.  While the exact etiology of the twinkling artifact is 
unknown, one hypothesis suggests stable microbubbles form in crevices throughout the stone and 
cause twinkling. Sites other than kidney stones, such as atherosclerotic plaques and gallstones, have 
also displayed the twinkling artifact suggesting that crystals, regardless of their composition, may 
harbor the stable microbubbles that give rise to the twinkling artifact. Pathological biomineralization is 
caused by an oversaturation of various chemicals in the body and can often be difficult to detect using 
traditional imaging techniques. Examples of these biomineralizations include uric acid crystals in joints 
known as gout, cholesterol crystals in arteries, and calcium phosphate crystals in soft tissues termed 
heterotopic ossification. Here, uric acid, cholesterol, and calcium phosphate crystals were grown in 
the lab and imaged with the Verasonics® research ultrasound system using P4-2 and L22-14 
transducers operating in the color Doppler ultrasound imaging mode. The presence and magnitude of 
the color Doppler ultrasound signals were quantified for the three crystal types.  Preliminary results 
show the presence of twinkling in all three crystal compositions with the strongest magnitude 
appearing in the cholesterol crystals. These results suggest that twinkling is very sensitive to crystal 
formation regardless of composition.  Future work will explore the use of high intensity focused 
ultrasound histotripsy to mechanically fractionate crystals as a novel treatment for pathological 
biomineralization. 
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21. Predicting Political Stance of News Articles Using Machine Learning 

Reber, Elijah; Lee, Dongwon 
 
Deep learning allows us to perform deep textual analysis to make calculated decisions about the 
context of the text.  One specific application of this technology is to give the public the ability to 
understand the political bias of a news article before reading it, thus minimizing the significant effect 
that biased media has on the public’s knowledge of an event.  In this project, we look at how effective 
a convolutional, long short-term memory (CNN-LSTM) network is in classifying the political bias of a 
news article.  A data set of articles was obtained, containing 1417 new articles, and the ground truth 
political bias was gauged using crowd-sourced information about the political bias of each 
corresponding source.  Articles were classified with a 4-way bias rating of “Far Right”, “Right”, “Left” 
or “Far Left”. It was found that the CNN-LSTM network performed comparable to similar models, 
except for “Far Left” classification.   An analysis of the performance suggests the model overfit the 
data.  Future work for this topic can include a larger data set to train the model on, as well as training 
the algorithm to classify unbiased articles. 

 
22. Deep Neural Network Learns to Localize Molecular Targets Given Raw Photoacoustic 

Signals 
Johnstonbaugh, Kerrick; Agrawal, Sumit; Abhishek, Deepit; Homewood, Matthew, Karri, Sri 
Phani Krishna; Kothapalli, Sri-Rajasekhar 
 
Photoacoustic imaging is a non-invasive medical imaging modality that leverages the thermoelastic 
expansion of chromophores like hemoglobin to generate acoustic signals via photoexcitation. Upon 
detection of the signal, the response of tissue to the delivered electromagnetic energy provides 
enough information to reconstruct images that contain functional information not seen in standard 
ultrasound imaging. However, photoacoustic imaging depth is limited by the attenuation of light in 
deeper tissue. We seek to address this problem by training a deep neural network to produce accurate, 
high contrast representations of imaged tissue given raw photoacoustic signals. Deep neural networks 
can learn to perform complex tasks given enough training data and time, and have been shown to 
exhibit generalized problem solving capabilities when tested on data not previously encountered. We 
developed and trained a neural network to localize circular photoacoustic targets in tissue mimicking 
a strong optical scattering background. The model is validated and shown to accurately localize targets 
at locations not seen during training. 
 

23. Thermal Characterization of Hybrid Liquid –Cooled Heat Sinks 
Paniagua-Guerra, Luis E.; Ramos-Alvarado, Bladimir 
 
In this contribution, a parametric analysis was conducted on the performance of a novel hybrid 
configuration for cold plates heat sinks, enclosing a combination of channels manifold and jet nozzles 
for optimal cooling of chip scale high-power density electronic packages. Constructal theory-based 
channels geometries were introduced in the design of an inlet manifold for uniform flow distribution 
with minimum pressure losses, resulting in fractal configurations with 16, 32, and 64 terminal branch 
channels and corresponding jet nozzles. An outlet manifold was introduced to the original designs 
looking for an optimal location of the inlets and outlets of the heat sink for a practical assembly of the 
cooling loop, while assuring a low resistance flow path at the exit of the flood chamber. The parametric 
analysis was performed via 3-D CFD simulations to investigate the tradeoff between hydraulic and 
thermal resistances in jet cooling systems.  A single metric performance parameter that takes into 
account both thermal and hydraulic behavior of the heat sinks was implemented to obtain an overall 
comparison of the proposed hybrid cold plate designs. 
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24. Lipopeptisomes: Anticancer Peptide-Assembled Particles for Fusolytic Oncotherapy 
Aronson, Matthew R.; Simonson, Andrew W.; Orchard, Lindsey M.; Llinás, Manuel; Medina, 
Scott H.  
 
Anticancer peptides (ACPs) are short, cationic amphiphiles that preferentially kill cancer cells 
through folding-dependent membrane disruption. Although ACPs represent attractive 
therapeutic candidates for combinatorial therapy in oncology, particularly against drug-
resistant cancers, their successful translation into clinical practice has gone unrealized due 
to their poor bioavailability, serum instability and, most importantly, severe collateral damage 
and hemolytic toxicity. Here, we exploit the membrane-specific interactions of ACPs to 
prepare a new class of peptide-lipid particle, we term a lipopeptisome (LP). This design 
sequesters ACPs, with high loading efficiencies (&gt;80%), within a lipid lamellar corona to 
avoid contact with red blood cells and healthy tissues, while affording potent destruction of 
cancer cells following LP-membrane fusion. Rational design of the particles to possess lipid 
combinations mimicking that of the aberrant cancer cell outer leaflet allows LPs to rapidly 
fuse with tumor cell membranes and afford localized assembly of loaded ACPs within the 
bilayer. Remarkably, the membrane-specific action of LPs was found to be highly selective 
for tumor cells with low micromolar toxicities, with minimal collateral destruction of normal 
human red blood cells and healthy tissues.  Thus, we present a novel therapeutic delivery 
mechanism intended to exploit the cytotoxic nature of ACPs, while limiting off target effects 
by integrating ACPs into self-assembled LPs to improve the therapeutic utility of oncolytic 
agents, and suggests this technology may be added to targeted combinatorial approaches 
in precision medicine. 
 

25. Online algorithms for Adaptive Cyber Defense on Bayesian Attack Graphs 
Hu, Zhisheng; Zhu, Minghui 
 
Emerging zero-day vulnerabilities in information and communications technology systems make cyber 
defenses very challenging. In particular, the defender faces uncertainties of; e.g., system states and 
the locations and the impacts of vulnerabilities. In this poster, we study the defense problem on a 
computer network that is modeled as a partially observable Markov decision process on a Bayesian 
attack graph. We propose online algorithms which allow the defender to identify effective defense 
policies when utility functions are unknown a priori. The algorithm performance is verified via numerical 
simulations based on real-world attacks. 
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26. Focused Ultrasound Histotripsy on Tendons 
Smallcomb, Molly; Simon, Julianna C. 
 
Focused ultrasound can create a thermal or mechanical effect deep in the body in a well-defined focal 
volume without affecting the intervening tissues. Mechanical high intensity focused ultrasound, or 
histotripsy, has been used to fractionate soft tissues through the creation and collapse of cavitation 
bubbles. While this modality has proven successful in debulking most soft tissues, highly collagenous 
tissues like tendons have proven resistant to mechanical fractionation.  In this study, ex vivo rat and 
bovine Achilles tendons were placed at the focus of a 1.5-MHz transducer and exposed to 1-20 
millisecond pulses repeated at 1 Hz for 1 minute over a range of acoustic pressures up to p+=32 MPa 
(peak positive) and p-=11 MPa (peak negative). Simultaneous ultrasound imaging with the 
Verasonics® research ultrasound system and ATL L7-4 transducer was used to monitor for bubble 
activity real-time during the focused ultrasound exposure; tendon samples were collected and stained 
with Hematoxylin and Eosin for histological analysis of tissue disruption. Preliminary results indicate 
that while bubbles have been observed in the ultrasound images as a result of the focused ultrasound 
exposure, only thermal injury (as opposed to mechanical fractionation) has been found histologically.  
Further, the threshold to observe bubble activity in the ultrasound images was found to be 10 
millisecond pulses with peak pressures of p+=16 MPa, p-=9 MPa.  Future work involves additional 
parameter testing such as high pressures and frequencies to promote mechanical rather than thermal 
disruption of tendons.  [Work supported by the Penn State College of Engineering Multidisciplinary 
Seed Grant] 

 
27. Calcined Clay as Supplementary Cementitious Material 

Jafari, Khashayar  
 
Supplementary cementitious materials (SCMs) are naturally occurring materials or industrial by-
products that partially replace the cement, whilst improving the overall performance of concrete. The 
production of SCMs requires significantly less energy compared to cement, which in turn reduces its 
carbon footprint. In this study, calcined clay (CC) was prepared by firing source clay (SC) in a furnace, 
and its performance as SCMs in concrete was investigated. For this purpose, SC and CC were 
evaluated for its physical and chemical characteristics. Then, the fresh properties (i.e., slump and air 
content), hardened properties (i.e., compressive strength and hardened air analysis) and durability 
(i.e., alkali-silica reactivity and drying shrinkage) of mortar and concrete mixtures containing 10% and 
20% CC were tested. Use of CC, especially at 20% cement replacement level was found to improve 
both the short- and long-term properties of concrete. 
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28. Controlled Co-delivery of Dual Angiogenic Growth Factors Using an Engineered Fibrin 
Hydrogel 
Zhao, Nan; Suzuki, Akiho; Zhang, Xiaolong; Wang, Yong 
 
Tissue engineered transplants hold the potential to completely cure many diseases such as ischemic 
heart, diabetics, and strokes. Lack of sufficient angiogenesis usually causes quick death of the cells 
in the transplants, which represents a major hurdle for application of tissue engineered products. To 
solve this problem, angiogeneic growth factors, the key molecules that regulate blood vessel 
formation, have been extensively used to promote therapeutic angiogenesis. Developing new 
biomaterial system have been the major approach to control growth factor delivery. Among those 
materials, hydrogel is the most promising delivery vehicle for angiogeneic growth factor because their 
biophysical and biochemical similarity to native tissues. One major drawback of using hydrogel for 
growth factor delivery is the quick release of the loaded growth factor due to the high permeability of 
hydrogel. Fast release of angiogeneic growth factors from hydrogel can lead to short therapeutic 
duration and severe side effects. In addition, multiple growth factors are needed during the process of 
angiogenesis. Our lab has developed an engineered fibrin (Fn) hydrogel system, which can slow the 
release of loaded growth factors. We can precisely manipulate the release profile of loaded growth 
factors. In our hydrogel system, growth factor loading and hydrogel formation happen under 
physiological condition. Both in vitro and in vivo results showed that controlled co-delivery of VEGF 
and PDGF significantly promoted mature blood vessel formation compared with just one single growth 
factor delivery. Therefore, this engineered fibrin hydrogel system will have great potential in tissue 
engineered transplantation.  
 

29. C3A Microstructure Investigation from Hydration in Microgravity 
Collins, Peter 
 
The solidification of cement is a complex process where multiple microstructural phases are forming 
and interacting with each other. Explanations for certain stages of cement hydration are still being 
debated today as they are not completely agreed upon. Moreover, a variable not previously considered 
is the parameter of gravity. Almost everything that is known about cement hydration is subjected to 
the gravity of Earth. Future human space exploration missions continue to be a desire and to enable 
such missions, resilient shelters are paramount. This project analyzes a wide variety of cement 
samples that were sent to the International Space Station (ISS). The astronauts on the ISS mixed the 
samples which allowed for the hydration of cement to occur in a microgravity environment. In parallel 
to the mixing of the samples on the ISS, control samples were mixed on Earth to allow for a comparison 
of the two gravity environments. Currently, analysis of the microstructure for pure tricalcium aluminate 
(C3A) is being done through scanning electron microscopy (SEM) and x-ray diffraction (XRD). 
Examination of the pure phases is vital for analysis of the ordinary portland cement samples that were 
also sent the ISS.  An improved understanding of cement hydration in terrestrial gravity is possible by 
providing a new look into the complex process. Furthermore, the project will give needed insight in 
order to design resilient space infrastructure helping enable human exploration on extraterrestrial 
bodies. 
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30. Printable Electrochemical Biosensors for Application in Flexible Point-of-Care 
Diagnostics 
Muralidharan, Ritvik; Butler, Derrick; Hu, Hanxiong; Bilén, Sven; Ebrahimi, Aida 
 
Cost-effective, flexible biosensors are highly attractive in developing point-of-care (PoC) diagnostics 
for identifying various biochemical compounds. Among different sensing technologies, 
electrochemical devices are highly suitable for PoC applications due to simple readout, fast response 
time, high sensitivity, portability, and compatibility with integrated circuit (IC) technology (for large-
scale production). Compared to expensive lithography techniques, printing techniques are becoming 
more popular for developing non-invasive monitoring platforms (such as smart tattoos, smart 
bandages, smart skins, etc.) due to their low cost, simpler device fabrication, and compatibility with 
inexpensive flexible substrates. In this work, we develop a flexible silver nanoparticle (AgNP)-based 
sensor on polyimide substrates and demonstrate detection of redox-active metabolites (such as 
dopamine, uric acid, etc.) in buffered solution and sweat samples. The electrochemical biosensor 
features a three-electrode system (printed using a Voltera V-One PCB Printer), with on-chip working 
(WE), counter (CE), and pseudo-reference electrodes (RE). Both CE and RE are developed using 
chloridization of printed AgNP electrodes, hence forming Ag/AgCl fo. The effect of chloridization time 
(t_Cl) on the electrochemical properties of Ag/AgCl electrodes is studied using cyclic voltammetry (CV) 
and electrochemical impedance spectroscopy (EIS) and interface properties, such as charge transfer 
resistance (R_ct) and double layer capacitance (C_dl), are extracted using an equivalent circuit model. 
The effect of mechanical stress (as a function of bending curvature), sensor sensitivity, selectivity, 
detection limit, and life time are all studied. Moreover, the developed flexible sensors can be integrated 
with PDMS-based microfluidics for real-time, in situ analysis of biological fluids. 
 

31. Design Strategy for A 6:1 Supersonic Mixed-Flow Compressor 
Sadagopan, Aravinth; Camci, Cengiz 
 
A surging demand in the small jet engine market for UAV applications motivated us to design a 
compact and robust high-performance compressor. We addressed this necessity through a single-
stage high-pressure ratio mixed-flow compressor. Its compactness and reliability demonstrated its 
ability to replace a multistage axial design in this segment with high-performance envelope. We had 
perceived that though many design approaches were readily available for centrifugal and/or axial 
stages, mixed-flow compressor design systems were scarce. 
 
We intended to provide the designer a comprehensive background knowledge of a mixed-flow stage 
design. A brief historical development of these designs since 1940s was provided. It was observed 
that for a high-pressure ratio demand it necessitated a supersonic rotor exit flow. Hence, tandem stator 
configurations were investigated in the past to reduce blade loadings for efficient diffusion. However, 
most of the previous stage designs were inefficient due to the inability of stators to efficiently diffuse 
this supersonic flow. In this project, a new tandem design had been implemented to solve this problem.  
 
A simple mean-line procedure based on isentropic equations was defined for a mixed-flow stage. It 
was followed by a geometry construction technique based on Bezier curves. Furthermore, a rotor 
design evaluation study was conducted based on the mean-line code and additional computational 
analysis. Conclusively, a single-stage mixed-flow compressor designed using this method generated 
a high-pressure ratio close to 6:1 with 77 % efficiency. 
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32. Single Simulation Platform for both Optical and Radio Frequency Induced 
Thermoacoustic Tomography 
Fadden, Christopher; Srinivasan, Visweshwar; Kothapalli, Sri-Rajasekhar 
 
Thermoacoustic imaging is a hybrid technique that can provide functional and molecular information 
of deep tissue at lower cost using non-harmful radiation compared to competing methods.   
It primarily maps electromagnetic absorption contrast at both optical and radio frequencies (RF) with 
ultrasonic spatial resolution.  In standard practice, different simulation tools are combined to simulate 
the hybrid thermoacoustic imaging process, which requires communication between several software 
packages. A general purpose solver is critical for thermoacoustic simulations, as a variety of 
phenomenon must be modeled in order to represent the physical reality.  Here we present ONELAB 
as a single simulation platform for numerically simulating thermoacoustic imaging, where optical or RF 
propagation inside the tissue is solved in the forward excitation path, and ultrasound propagation is 
solved during the backward detection path.  Our validation experiments using simulation platforms 
mimicking both optical and RF properties of biological tissue demonstrated that ONELAB can 
accurately model thermoacoustic imaging, including multispectral imaging necessary to unmix 
molecular information.  The advantages of ONELAB include a completely open source software 
platform that does not depend on any specific/standard software to operate. ONELAB provides a finite 
element meshing utility as well as a general purpose finite element solver.   

 
33. The Study of Polar Mesospheric Winter Echoes with Student-Built Instruments 

Pighini, Katie; Venkatesulu, Erica; Wheeler, Timothy; Bilén, Sven; Kane, Timothy 
 
The Polar Atmospheric Winter Student Sounding (PAWSS) payload will be flying on the Grand 
Challenge Student Sounding Rocket (G-Chaser), which will be launched from AndÃ¸ya, Norway in 
January 2019.  The PAWSS payload was constructed to study Polar Mesospheric Winter Echoes 
(PMWEs).  These echoes are rare phenomena thought to be caused by turbulence in the neutral 
atmosphere or due to temperature gradients in the mesosphere and infrasound from the oceans. They 
are primarily found among the 50-90 km range during winter months.  
 
By analyzing their effect on neutral turbulence dynamics, we hope to contribute to growing science on 
PMWEs. The PAWSS payload consists of various student-built instruments and subsystems to 
support our scientific goals.  The instruments include Lidar and two different TEC radio receivers, one 
software defined, and the other analog.  Measurements of neutral turbulence and electron density will 
allow us to create a model of the atmosphere surrounding the rockets trajectory, and therefore, analyze 
the processes occurring in the atmosphere.  
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34. Compensatory Muscle Activation to Maintain Glenohumeral Joint Stability with 

Increased Rotator Cuff Tear Severity: A Simulation Study 
Khandare, Sujata; Arce, Richard A.; Vidt, Meghan A. 
 
Rotator cuff tears (RCT) are a highly prevalent musculoskeletal injury in older adults impacting their 
ability to perform daily functional tasks. Our objective was to identify how increased RCT severity 
affects glenohumeral joint loading and muscle activation patterns using a computational 
musculoskeletal model. The OpenSim (v.3.3) upper extremity model was modified to represent 
average muscle force-generating properties of healthy older adult males. Eight configurations with 
increasing RCT severity were represented by systematically reducing peak isometric force of 
supraspinatus, infraspinatus, and subscapularis muscles to a percentage of the nominal model’s 
value. Five static (30°, 45°, 60°, 75°, and 90° thoracohumeral elevation) postures in the frontal plane 
were evaluated. Computed muscle control and joint force analysis tools in OpenSim were used to 
calculate muscle activations and glenohumeral joint contact force. Combined force contributions of 
glenohumeral anterior muscles were compared with that of posterior muscles to evaluate the 
transverse force couple. Results revealed that the peak glenohumeral JCF magnitude remained 
relatively consistent across increasing tear severities (avg.10.4% change), and a relative balance of 
the transverse force couple is maintained even for massive RCT scenarios. Predicted muscle 
activations of intact muscles, like teres minor, increased (4% to 17%) with greater RCT severity. These 
results suggest that the system is prioritizing glenohumeral joint stability, even in severe RCT 
scenarios, and that the unaffected muscles play a compensatory role to help stabilize the joint. 
Rehabilitation strategies can be improved by focusing on the muscles that majorly contribute to 
maintaining stability. 

 
35. Evaluating Aleatoric and Epistemic Uncertainties of Time Series Deep Learning 

Models for Soil Moisture Predictions 
Fang, Kuai 
 
We earlier showed time series deep learning (DL) is a powerful tool in harnessing newly available big 
data for long-term soil moisture predictions. To be more useful in forecast applications, model 
uncertainty estimates are also needed. We adapted an efficient uncertainty estimation framework, 
which originated from vision deep learning. This method simultaneously estimates input-dependent 
aleatoric uncertainty (attributable to inherent measurement/input noise) and epistemic uncertainty 
(attributable to ambiguous model structures). The epistemic component was estimated by Monte Carlo 
dropout (MCD), a method that regards the dropout training as an approximate variational deep 
Gaussian processes. However, as many approximations are involved in the MCD derivation. 
Especially, there is no guarantee that the variational approximations is valid. Therefore, its advantages 
and disadvantages must be carefully evaluated. Here, using regionally-trained soil moisture time 
series DL models as a test case, we show that estimated uncertainties are indeed predictive of model 
errors. The epistemic uncertainty clearly rises in response to cases different from the training 
database. However, we found that the two uncertainties are not independent, as more uncertainty with 
supervising data uncertainty naturally leads to more ambiguous models. Meanwhile, the aleatoric 
uncertainty estimate can be flawed if training data is not representative. Adjusting the prior error model 
has important impacts on the aleatoric uncertainty estimate, although not the regional pattern of the 
error. Noise augmentation experiments further show that SMAP error over continental US. mainly 
arises from its measurement error rather than forcing data. As a result, our SMAP aleatoric uncertainty 
map can approximate an uncertainty map for SMAP over continental United States. 
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36. Computer Assisted Photoacoustic Imaging Device for Safer Percutaneous Needle 

Operations 
Agrawal, Sumit 
 
In recent years, conventional ultrasound (US) imaging devices have been adapted with the 
photoacoustic (PA) imaging capabilities to simultaneously provide both anatomical and molecular 
optical contrasts of soft biological tissues. To help optimize the design parameters of such dual 
modality imaging devices, we present a numerical simulation approach for B-mode beamformed US 
and multispectral PA imaging using a linear ultrasound transducer array surrounded by a light source. 
We combined the finite element based simulation platforms for ultrasound and light propagation, K-
wave and NIRFast respectively, to model the ultrasound and photoacoustic effects in deep tissue, and 
created an effective hybrid platform for simulating US and multispectral PA imaging of different 
configurations.  We also developed and applied a spectral unmixing algorithm on multispectral 
photoacoustic images, obtained from multiple optical wavelengths, to map different molecules (e.g., 
Indocyanogreen (ICG), Deoxyhemoglobin (Hb), and Oxyhemoglobin (HbO2)) present inside the tissue 
background. The multi-spectral plots and unmixed spectral images clearly delineated the molecular 
contrast arising from different regions inside the tissue, as deep as 50 mm. The presented simulation 
platform allows for optimization of key design parameters of both US and PA imaging devices, such 
as the size and frequency of ultrasonic transducer array, and size and the distribution of light sources. 
Our results demonstrate that the ability to mimic the imaging performance of such dual modality deep 
tissue-imaging device will help to achieve high molecular sensitivity for the targeted clinical application, 
thus functioning as a powerful tool for medical device design. 

 
37. Biochar as a Filter Media for the Adsorption of Emerging Contaminants (ECs) from 

Wastewater Effluents used for Irrigation 
Ndoun, Marlene C.; Elliott, Herschel A.; Williams, Clinton; Gall, Heather; Watson, Jack 
 
Global water shortages due to urbanization and rapid population growth are placing an unprecedented 
pressure on water supplies. The use of treated wastewater effluent has become a valuable solution to 
preserve water resources but its reuse for irrigation of agricultural lands has led to the widespread 
presence of emerging contaminants (ECs) in the environment and increased public concern over the 
potential ecotoxicological effects of these contaminants on aquatic life, animals, plants and even 
humans. The use of biochar-amended filters has received great attention due to their ability to remove 
organic and inorganic pollutants from wastewater. The aim of the proposed research will therefore be 
to evaluate the use of biochar as a filter media for the removal of ECs from treated effluents through 
a pilot scale study utilizing column experiments. Prior to the pilot scale study, two phases will be 
employed. First, biochars produced from the pyrolysis of guayule bagasse and cotton gin waste at 
three different temperatures (350, 500 and 700 0C) will be tested in batch adsorption experiments to 
investigated the ability of biomass-derived biochar to remove ECs from wastewater. In the next phase, 
kinetic studies and adsorption isotherms will be performed to determine the adsorbent with the 
maximum adsorption capacity. Following the second phase, the third phase will include densification 
and pelletization of the biochar samples and subsequent flushing of a measured volume of EC 
contaminated water through the columns containing the biochar-amended sand filters. It is anticipated 
that biochar can enhance the ability of sand filters to improve the quality of treated wastewater by 
adsorbing the ECs as the effluent passes through the amended filters. The results will highlight the 
necessity to evaluate the benefits of using biochar-amended filters to improve the quality of irrigation 
water applied to food-chain crops.  
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38. Inactivation of E. coli in Liquid Egg White Using Flow-through Pulsed UV Light 

Treatment System 
Ouyang, Beining 
 
Microbial contamination of liquid egg white still presents food safety concerns for the consumers. 
Thermal processes are commonly used to decontaminate the liquid egg, but it may affect the quality. 
Therefore, there is a need for an alternative process. Pulsed ultraviolet (UV) light is one of the 
alternative technologies, which can be applied for decontamination of liquid egg white. In this study, 
flow-through pulsed UV light system was used and optimized for inactivation of Escherichia coli in 
liquid egg white. Three processing factors including flow rate, number of passes, and distance from 
the pulse UV light have been optimized for the log reduction of microorganisms using surface response 
methodology. The surface response model was developed and further validated. The energy and 
temperature profiles during the pulsed UV treatment were assessed. The results indicate that flow-
through pulsed UV light has a potential for decontamination of E. coli in liquid egg white.   

 
39. Hydroeconomic Resilience and Vulnerability of US Cities 

Gomez, Michael; Mejia, Alfonso 
 
Intermediate and final demands for agricultural and industrial commodities in cities pose a great stress 
on local water resources which is alleviated by outsourcing water from distant regions where 
commodities are produced. This lack of self-sufficiency makes urban regions in the virtual water trade 
network (VWTN) highly dependent on their trading partners. We suggest that the characteristics and 
patterns of a city’s VWTN can explain the water security level of the region. To quantify this, here we 
implement resilience and vulnerability metrics based on a city’s VWTN and the hydroeconomic 
characteristics of its trading partners. The resilience metric is systemic, property-based as opposed to 
response-based, and captures the capacity of a city to potentially adapt to network changes and 
perturbations. To measure vulnerability, we account for the water scarcity of a city and its trading 
partners. In our approach, a resilient city is one that outsources water from multiple trading partners 
with diverse hydroeconomic characteristics, whereas a vulnerable city is one that outsources a great 
amount of water from water scarce region. We apply both metrics to the entire US territory by 
distinguishing city (metropolitan/combined statistical areas) from non-city regions and by merging 
disparate data from multiple sources, including bilateral trade, water use, agricultural production, 
climate, and urban socioeconomic data. In addition, the metric is applied at the annual timescale over 
the period 2012-2015. We find that hydroeconomic resilience and vulnerability varies substantially 
across the US where, in average, the cities in the eastern part of the US show higher resilience and 
less vulnerability than cities in the west, potentially making this geographic region less water secure. 
We also show how cities’ hydroeconomic resilience changes with time, which could be used to identify 
beneficial or harmful trajectories. The metric is also used to benchmark city performance through 
intercomparison analyses. 
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40. Potential for On-demand Setting of Concrete Using Aluminum and Alkanolamine 

Compounds 
Sundar, Deepika 
 
Triggered or on-demand setting of cementitious materials is highly desirable in applications such as 
3D printing, oil-well cements, and self-compacting concrete. The selection of an appropriate chemical 
accelerator may enable this rapid phase change from fluid to solid state. This poster provides a review 
of the existing set controlling admixtures and how they impact the hydration kinetics of silicates and 
aluminates in portland cement. Next, it provides preliminary results on the use and synergistic 
performance of aluminum sulfate and alkanolamine compounds in controlling the hydration, rheology, 
and setting time of cement pastes. The influence of admixture type and dosage on the hydration rate, 
setting, and compressive strength of cement pastes will be assessed using in-situ X-ray diffraction, 
thermogravimetric analysis, and isothermal calorimetry. 

 
41. High-Resolution Implantable Wireless Systems to Study Gastric Neurophysiology 

Ibrahim, Ahmed; Meng, Miao; Kiani, Mehdi 
 
The design and simulation results of an inductively powered implantable application-specific integrated 
circuit (ASIC) for gastric slow waves recording is presented. The ASIC includes 32 time-multiplexed 
low-noise amplifiers (LNAs) followed by a 10-bit low-power successive approximation register (SAR) 
analog-to-digital converter (ADC), a power management unit for recharging the ASIC battery 
inductively and communicating recorded data to an external reader via backscattering using load-shift 
keying (LSK) modulation of the receiver coil and, a biphasic single-supply constant-current stimulator 
with a programmable current from 1 mA to 6.6 mA. The ASIC, occupying 25 mm2 of die area including 
pads, is currently under fabrication in a 0.35 µm standard CMOS process. The power management, 
operating at 13.56 MHz, will recharge a 3.7 V battery with an adjustable current range of 0-15 mA 
while maintaining the rectifier voltage constant at 4.4 V to protect the ASIC from sudden high voltages. 
It also provides a constant supply voltage of 2.5 V for powering on-chip circuit blocks. Each fully 
differential LNA has an adjustable gain of 43-60 dB, and an input-referred noise of 10 µVrms within 
the bandwidth of 20 mHz - 2 Hz. The power consumption per channel is 200 nW, while the area per 
channel is 0.5 mm2. LNAs also utilize an offset cancellation loop to reject the offset due to device 
mismatches. Each channel is sampled at 97.65 Hz with 10 bits of resolution, leading to a data rate of 
3.125 kHz for recording 32 channels. 

 
42. Modeling Visual Reflection Activities to Analyze Designers’ Perceptions and 

Emotional State 
Vora, A. P.; Henderson, D. A.; Bracken, J.E.; Jablokow, K.W.; Sonalkar, N. 
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43. Computational Analysis of Different Groove Pattern On A Casing Surface To Reduce 

Aerodynamic Losses In Turbine Stage  
Ranka, Amrat Arvind; Camci, Cengiz 
 
The major source of losses in turbine is due to presence of gap between the rotor blades and casing 
surface. This gap leads to generation of tip leakage vortex. To reduce the detrimental effect of the tip 
leakage vortex, three different casing patterns have been studied. The casing studies are mainly done 
in compressor stage but there hasn’t been enough research done for the turbine section. Aerodynamic 
performance study was done for each pattern was compared with the smooth casing surface (no 
grooves). Experimentation was done in a low speed large scale single stage axial turbine. The results 
available from the experimental study was validated with the computational study done in Star CCM+. 
For the computational study, steady numerical simulations were performed by solving three 
dimensional Reynolds-Averaged-Navier-Stokes (RANS) flow equations. SST k-w turbulence model 
with gamma-transition is employed to accurately predict the flow leaking through the tip gap. With the 
help of 3-D flow visualization plots, tip leakage losses for different groove patterns is analyzed. Along 
with those plots, numerical calculations help us to understand the improvement observed in 
aerodynamic performance using specific groove design. 

 
44. Seasonal variations of emerging organic contaminants (EOCs) in drinking water 

sources in the Susquehanna River Basin  
Kibuye, Faith 
 
The occurrence of pharmaceuticals in various surface water sources raises concern over their removal 
through conventional drinking water treatment processes. A monitoring study of 7 pharmaceutical 
compounds (acetaminophen, ampicillin, caffeine, naproxen, ofloxacin, sulfamethoxazole, and 
trimethoprim) in 2 conventional drinking water treatment plants (DWTPs) was performed. Monthly to 
bimonthly scale sampling was conducted during a one-year study period from raw untreated waters 
used as drinking water sources, intermediate treatment steps and finished drinking water distributed 
to consumers. At least one pharmaceutical compound was quantified in samples collected from 
untreated source waters, intermediate treatment steps, and finished drinking water. Average 
concentrations in source water samples ranged between 0.12-14.66 µg/L to 0.05 µg/L-7.87 µg/L in 
finished drinking water. Detection frequencies and concentrations varied by compound and DWTP 
during intermediate treatment steps such that patterns of concentration increase, and decrease were 
observed while some compounds remained unchanged. Seasonal variations in concentrations were 
observed, with higher concentrations in the source waters recorded in the fall, winter and spring 
seasons while lower concentrations occurred in the summer. Seasonal variations in the intermediate 
treatment steps and finished drinking water samples reflected seasonal patterns in source waters.  
Environmental risk assessment for the targeted organisms reveal that the studied pharmaceuticals 
pose medium to high risks to the aquatic organisms. Although pharmaceutical compounds were 
quantified in finished drinking water samples, human health risk assessments show that risks to 
consumers are low.  
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45. Heat Transfer across 3C-SiC-water Interfaces: Solid-Liquid Affinity, Interfacial 

Structuring, and Spectral Characteristics  
Gonzalez-Valle, C. Ulises; Ramos-Alvarado, Bladimir 
 
In previous investigations, the wetting properties of a surface were directly related with the thermal 
boundary conductance across solid-liquid interfaces; however, recent numerical and experimental 
findings have suggested that the bonding strength between solid and liquid atoms at interfaces only 
partially describes the complex process of energy transport across dissimilar materials. In this 
investigation, the thermal transport across interfaces made of 3C-type silicon carbide (SiC) and water 
was investigated by means of nonequilibrium classical molecular dynamics (NEMD). The effects of 
different crystallographic planes and atomic surface terminations on the energy transport across the 
interface were studied. Hydrophilic and hydrophobic conditions were analyzed by modifying the 
interfacial boding strength between the solid and liquid phases. It was found that the interfacial heat 
transfer and the work of adhesion are not universally related and in order to obtain a more 
comprehensive description, it is required to include the effects of the structuring observed in the liquid 
phase at the interface. A reconciliation of the thermal boundary conductance (TBC) calculations was 
found after the density depletion length was utilized as the descripting parameter. A spectral mapping 
of the interfacial heat transfer rate and the interfacial vibrational density of states supported the 
observations relating heat transfer to the interfacial liquid structuring. The different energy carrier 
modes contributing to heat transfer were identified under different wettability conditions of the 
surfaces; likewise, the atomic terminations in contact with the planes affected the availability of energy 
carrier modes and the dynamics of heat transfer at the interface. 

 
46. Antibiotic Residues in Soil and Runoff from Dairy-Manure Applied Fields Subject to 

Varied Rainfall 
Leventhal, Talia 
 
Manure as a nutrient source has many benefits for agriculture, however it has led to concerns of 
increased presence of antimicrobial resistance due to the large amount of antibiotics consumed and 
excreted by livestock. Given that some of the antibiotics used in livestock production are also used to 
treat humans, increased presence of antibiotic concentrations in the environment is a potential human 
health concern. Different manure management practices may reduce the mobility of these 
concentrations in the environment. The goal of this research is to evaluate the field-scale fate and 
transport of antibiotics in agroecosystems that receive manure via two application practices: surface 
broadcast and shallow disk injection, which will be subject to varied rainfall. The simulated rainfall 
events will be conducted on days 1, 5, 7, and 9, at a rainfall rate of 7cm/hr, following a manure 
application on day 0. Areas will be subject to either a repeated rainfall event, or a single rainfall event. 
Composite runoff samples will be collected for a half-hour runoff duration at the following days 
following the manure application. Additionally, a smaller composite runoff sample will be taken for the 
initial 5 minutes of runoff in order to determine the importance of the “first-flush.” Soil samples will be 
collected from the manure treated plots after each rainfall event at varied depths. Results from this 
research will provide insights into the extent that manure management practices may be able to reduce 
the transport of these antibiotic concentrations in surface runoff and soil. 
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47. Strategies for the Manipulation of the Transport Properties of Anion Exchange 

Membranes 
Capparelli, Clara 
 
Anion exchange membranes (AEMs) are used in a wide variety of separation processes, such as 
electrodyalisis, diffusion dialysis and fuel cells. These membranes act as anion carriers in the 
aforementioned devices and as physical barriers to separate, for example, anode and cathode. The 
performance of AEMs is usually characterized by their conductivity (i.e., anion flux through the 
membrane) as well as their permselectivity (i.e., effectiveness in excluding cations from the 
membrane). These properties are usually static for AEMs of a fixed chemical composition. The 
objective of this project is to develop AEMs with dynamic conductivity and permselectivity, more 
specifically, an AEM diode that can be externally controlled and switch from non-conductive to 
conductive in different environments. pH responsive membranes can be developed by incorporating 
a terminal dimethylamine (R-N(CH3)2) in a membrane matrix. It is expected that at low pH, the amine 
is protonated into a quaternary ammonium group and the membrane becomes a good ion conductor 
(i.e, high conductivity and permselectivity), while at neutral or high pH, it is deprotonated and non-
conductive (i.e., low conductivity and permselectivity). This technology is interesting as sensors, 
actuators, and drug delivery systems, and would give ion exchange membranes capabilities that are 
not currently afforded by the traditional static chemistry. 

 
48. Biological Physically Unclonable Function via Colonized T cell Population 

Wali, Akshay; Das, Saptarshi 
 
Physical unclonable functions (PUF’s) are innovative security features utilizing the inherent variations 
for extracting secret information that is unique to a given system. The exponential proliferation of 
technologies such as the Internet of Things (IoT) has led to a vast network of physical objects and 
computing devices that are connected through digital infrastructures, thereby necessitating precise 
user identification and authentication. In the past, storage and authentication has been implemented 
using Electrically erasable programmable read only memory (EEPROM), Static random-access 
memory (SRAM) and Dynamic random-access memory (DRAM). However, they have been shown to 
suffer from extensive invasive attacks compromising its security, thereby requiring additional tamper 
resistance circuits that are not only expensive but also consume more power. Although, methods of 
making the PUF’s more robust and secure have been realized, little attention has been paid towards 
the natural randomness and dynamicity that encompasses biological entities for security applications. 
In this paper, we analyze the spatio-temporal dynamics of human T-cell population by utilizing their 
inherent tendency to form colonies for secure key generation that’s physically unclonable. A statistical 
approach has been used to study the basic evaluation metrics for PUF’s namely: Reproducibility, 
Physical unclonability and Reconfigurability. 

 
49. Longitudinal Psychological Safety in Engineering Design Teams 

Heininger, Katie; Marhefka, Jackie; Mohammed, Susan; Jablokow, Kathryn; Miller, Scarlet 
 
Recently, a large emphasis has been placed on the comfort level of members of a group, called 
psychological safety. However, there has not been a lot of research done on psychological safety in 
the engineering design field. Additionally, there is a lack of understanding of how psychological safety 
develops longitudinally over the course of a project. Our study aims to close both of these gaps in an 
effort to help us understand how to best form engineering design teams to create a positive work 
environment coupled with creative results 
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50. Anthracite as a Filter Media to Remove Petrogenic Hydrocarbons From Stormwater 

Fernandez Pulido, Carlos Rolando 
 
51. Using forearm EMG for path selection of a robotic wheelchair 

Kuo, Kevin 
 
Patients with motor control deficiencies due to muscle weakness, stroke, or motor neuron diseases 
can face difficulties using conventional joysticks. Such patients can benefit from alternative sensory 
inputs to inform control of a wheelchair. Past work utilizes EMG signals from biceps and teres major 
muscles or neck muscles as sensory inputs which requires the need for patients to adapt to these new 
control methods. The objective of this paper is to eliminate the need for these unconventional muscle 
guidance methods by mapping forearm Electromyography (EMG) signals to joystick control for use 
with a decision-point path-planning framework previously developed in our lab. This is achieved by 
using the EMG signals’ correlation with decision spaces - branching areas of predefined paths - to 
assist with steering. The methods in this work applied a classification model to classify the forearm 
EMG signals and then utilized a clustering algorithm on EMG signals, decision space radii, and spatial 
measurements for path selection. This method allows for subsequent monitoring of patient motor 
capabilities over time, whereas previous work with forearm EMG signals require extreme wrist 
movements which are not adaptable to this monitoring. The experimental results in this paper 
demonstrate successful mapping between EMG signals and joystick inputs using correlations within 
specific decision spaces, thereby enabling an alternative method of wheelchair control. 

 
52. Exploring Biases Between Human and Machine Generated Designs 

Lopez, Christian; Miller, Scarlett; Tucker, Conrad 
 
The objective of this work is to explore the perceived visual and functional characteristics of computer 
generated sketches, compared to human created sketches. In addition, this work explores the possible 
biases that humans may have towards the perceived functionality of computer generated sketches. 
Recent advancements in deep generative design methods have allowed designers to implement 
computational tools to automatically generate large pools of new design ideas. However, if 
computational tools are to co-create ideas and solutions alongside designers, their ability to generate 
not only novel but also functional ideas, needs to be explored. Moreover, since decision-makers need 
to select those creative ideas for further development to ensure innovation, their possible biases 
towards computer generated ideas need to be explored.  In this study, participants were recruited via 
a crowdsourcing platform to analyze the perceived visual and functional characteristics of 50 human 
created 2D sketches, and 50 2D sketches generated by a deep learning generative model (i.e., 
computer generated). The results indicate that participants perceived the computer generated 
sketches as more functional than the human generated sketches. This perceived functionality was not 
biased by the presence of labels that explicitly presented the sketches as either human or computer 
generated. Moreover, the results reveal that participants were not able to classify the 2D sketches as 
human or computer generated with accuracies greater than random chance. The results provide 
evidence that supports the capabilities of deep learning generative design tools and their potential to 
assist designers in creative tasks such as ideation. 
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53. Development and Testing of an Additively Manufactured Hybrid Propulsion Unit for 

CubeSats (PUC) 
Littler, Matt; Harshell, Mike; Wagner, Ian 
 
CubeSats have become increasingly popular as a standardized and cost-efficient way to put scientific 
instruments in earth orbit due to their low complexity and short development timelines. A great example 
of this technology put in action would be the two MarCO CubeSats which both contain a softball size 
radio permitting them to transmit signals from the Mars InSight lander during its decent to the Martian 
surface and back to Earth in real time. With the rise of CubeSats, a demand for a means of propulsion 
for these nano-satellites follows, which would allow them to extend their lives in space tenfold or enable 
deeper solar system missions such as InSight, but at a fraction of previously realized costs. The study 
of hybrid rockets has been intermittent since the 1930’s but attempting to additively manufacture hybrid 
rockets with techniques such as direct metal laser sintering (DMLS) and do it on a scale this small is 
what makes this work unique and novel. Hybrid rockets offer an operationally simplistic design that 
enables integration into CubeSat design specifications while still providing relatively high performance 
in comparison to liquid systems and added safety and control over solid systems. As part of the work 
performed here at the High Pressure Combustion Lab (HPCL) and sponsored by the Aerospace 
Corporation, a design was put forth and manufactured, and experimental tests have been performed 
to both prove the concept and begin characterizing the system through analyzing oxidizer flow 
characteristics, combustion efficiencies, and structural and heat transfer properties of the unit. Further 
work is currently being completed with an upgraded thrust stand to test the PUC in a more flight like 
configuration, and to characterize the propulsion system in more detail. The knowledge gained from 
this study will be critical in further design iterations and will be useful in qualifying this unique propulsion 
unit for future spaceflight. 

 
54. Forecasting the FEW Nexus of US Biodiesel 

Oreggioni, Fiorella 
 
In the last years, biofuel production has increased substantially in the US. This has important 
implications for the food, energy and water (FEW) sectors. The increased production of biofuels can 
contribute to reducing land available for food production and increasing nutrient loads on rivers, while 
benefitting the energy sector. One promising approach to study and understand the biofuel interactions 
is by employing a complex systems approach. Empirical data for the US subnational biofuel trade 
network are scarce, requiring that the network be reconstructed from other available data, and by 
modeling trade flows. As a first step, the main objective of this study is to build and evaluate different 
statistical models for the cereal grains trade network, for which empirical data are available. Cereal 
grains are particularly relevant for biofuels as they are the main input resource for US biofuel 
production. To forecast US cereal grains flows, we build and test 3 different statistical models for link 
prediction, 4 models for flow prediction, and 2 combined (links+flows) models including gravity, 
machine learning, and autoregressive models. In terms of the link prediction models, machine 
learning, in particular the Random Forest (RF) model shows the best performance. Among the models 
for flow prediction the Poisson Pseudo Maximum Likelihood (PPML) shows the most consistent 
results. But when looking at the combined models, Logistic Regression+PPML performs similar to 
RF+PPML. Finally, high R2 values and low errors in the Autoregressive model forecasts highlight that 
past flows can be reliably used to predict one-year ahead flows. 
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55. Multi-Beam Shared-Inductor Reconfigurable Voltage/SECE-Mode Piezoelectric Energy 

Harvesting of Multi-Axial Human Motion 
Meng, M.; Ibrahim, A; Xue, T; Yeo, H.; Wang, D.; Roundy, S; Trolier-McKinstry, S.; Kiani, M. 
 
The concept of Gastric Seed which is an ultrasonically interrogated millimeter-sized implant is 
proposed. A network of distributed Gastric Seeds can be endoscopically implanted within the stomach 
submucosal space for large-scale gastric electrical-wave (also known as slow wave, SW) recording. 
The Gastric Seeds are small, light and wireless to minimize motion artifacts, tissue damage, and risk 
of infection and expulsion and are modular to acquire SWs from the whole stomach through 
independent interrogation of each individual Gastric Seed with a specific address (ID). We have 
fabricated a proof-of-concept chip in a 0.35-µm 2P4M CMOS process. The prototype chip has an 
ultrasonic self-regulated power management in the form of a voltage doubler that performs 
rectification, regulation and over-voltage-protection (OVP) in one step using only one off-chip capacitor 
by utilizing ultrasonic transducer’s internal capacitance and reverse current as well as an addressable 
power-saving pulse-based data transmitter (Tx) with measured data rate of 75 kbps and energy 
consumption of 440 pJ/bit using a pair of 1 MHz ultrasonic transducers spaced by 5 cm in water. We 
have also designed a new version of the Gastric Seed chip, which is currently under fabrication. In 
addition to the functionalities described above, this chip also has an analog frontend (AFE) including 
a tuned low-noise amplifier (LNA) and a 10-bit successive approximation register analog-to-digital 
converter (SAR-ADC) to demonstrate a fully wireless recording capability in our future efforts. 

 
56. Molecular Dynamics Simulations for the use of Non-Ionized Dipole Gases in 

Electromagnetic Propulsion  
Contri, Jeffrey 
 
The major loss mechanism associated with electrostatic and electromagnetic thrusters is the 
requirement to ionize the propellant. The ionization energy is not recovered during the acceleration 
process and, because of loss mechanisms such as recombination and radiation, is one-to-two orders 
of magnitude above the single ionization energy for the propellant being used. Revolutionary gains in 
electric thruster efficiency could be obtained if the need to ionize the propellant could be avoided. A 
characteristic of water is its high permanent dipole-moment-to-mass ratio. One can take advantage of 
this for propulsive purposes by electromagnetically accelerating the non-ionized gaseous polar water 
by means of the Abraham force without the need to ionize the water. The Abraham force is the cross 
product of the time rate of change of the propellant polarization and the magnetic flux density. 
Additionally, the ability to use water provides a green propellant that is also a prime in situ resource. 
A 25 T magnetic field was applied in the y-direction and a single cycle sinusoidal electric field pulse at 
a frequency of 100 GHz and maximum amplitude of 100 kV/m was applied in the x-direction. Each 
sinusoidal electric field pulse generated a velocity increase of 0.386 mm/s in the z direction for the 
water molecule. For small molecules this achievable time rate of change of polarization is in the 
microwave range, ~10-9-10-11 s, providing an acceleration comparable to current commercial forms 
of electric propulsion. A simulation of ~1000 molecules is being investigated to further the research. 
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57. Computational Prediction of Viscous Flow in A Research Turbine (AFTRF) and 

Comparison Against Measured Data  
Doshi, Mitansh; Camci, Cengiz 
 
This poster presents a Reynolds-averaged Navier Stokes (RANS) equations-based computational 
validation of the Axial Flow Turbine Research Facility (AFTRF). The research turbine design was 
based on NASA’s E3 ""Energy Efficient Engine"" concept with 23 stationary nozzle guide vanes and 
a 29 blade high pressure (HP) turbine rotor. This large-scale and low-speed turbomachinery research 
facility provides high-resolution aerodynamic measurements from the turbine stage for the assessment 
of computational simulations. The finite volume-based general purpose fluid dynamics solver, Star 
CCM+, coupled with the k-Ï‰ SST turbulence model and the ""Gamma transition"" flow model were 
used. Various performance parameters were measured, including velocity profiles, nozzle/blade airfoil 
static pressure coefficients, and total pressure. The previously measured experimental data sets and 
boundary conditions from the AFTRF were used in a computational validation. NGV (Nozzle Guide 
Vanes) and rotor validations were performed and total-to-total efficiency was discussed. 
The present computational effort uses a ""mixing plane"" based stationary to rotating interface for 
stage calculations. A grid dependency assessment has been performed both on NGV and rotor flows. 
The computational results obtained at NGV-intraspace and rotor exit are compared to five-hole-probe 
based experimental data.  The stage exit data from a Kiel probe are also compared to the current 
simulations.  The current study concludes that the present computational model effectively predicts 
AFTRF aerodynamic flow features with good spatial resolution.  An attempt is also made to compare 
the total-to-total efficiency distribution in the spanwise direction. The study concludes that this 
computational approach can be effectively used in turbine secondary flow reduction, tip leakage flow 
mitigation, unsteady flow computations and finally energy efficiency improvements. 
 

 
58. Successful In Vitro Culture for Sustaining Tendon Explant Viability 

Carozzi, Sabrina 
 
While anterior cruciate ligament (ACL) injuries are common, current surgeries with allografts (cadaver 
tendons) have been shown to be inadequate. Allografts tend to be the inferior repair choice compared 
to autografts (ligament from one’s own body) given their higher rerupture rate. A possible reason for 
this is that allografts have a different response to mechanical stimuli, which impairs their post-surgical 
remodeling. The long-term goal of this study is to determine the mechanobiological differences 
between allograft and autograft ACL remodeling in order to improve allograft ACL reconstructive 
outcomes. To do this, we plan on studying the mechanobiology of cells in the living graft explants; 
however, we must first demonstrate that the tendon graft viability can be maintained in ex vivo culture. 
Therefore, the objective of this study was to confirm that tendons can be kept alive in cell culture 
media. Specifically, we harvested tail tendon fascicles from rats and cultured them in media containing 
low glucose DMEM, 5% fetal bovine serum, 1 mM sodium pyruvate, 25 mM HEPES, 1 mM phospho-
ascorbic acid, 4 mM alanyl-glutamine, antibiotics, and antimycotics. Alamar Blue assays and live/dead 
staining using fluorescein diacetate and propidium iodide was used to measure living cell percentage. 
The results of this study demonstrate that we can maintain cell viability in explanted tendons for at 
least 10 days. Future studies will use this media to determine the mechanobiological differences 
between allograft and autograft ACL reconstructions. 
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59. A Machine Vision Tool for Biomechanics Research: Real Time Tracking of Insect 

Locomotion in Virtual Reality 
Patwa, Nilanshu; Salem, Wael; Mongeau, Jean-Michel 
 
Fruit flies perform saccades which are rapid movements that span a fraction of a second. These rapid 
aerial maneuvers involve advanced control mechanisms and fusion of visual and mechano-sensory 
information. We are interested in analyzing flies’ saccade dynamics and sensory control mechanisms. 
To investigate saccade control mechanisms, we place flies inside a virtual reality arena and suspend 
them magnetically, so that they are free to pivot. The fly’s motion is captured by a high-speed camera. 
The goal of my research is to develop software to track the fly’s motion in real time so that we can 
trigger external stimuli based on the fly’s motion. Our real-time analysis software will be written for 
Linux in Python and OpenCV and will enable us to send a digital signal to hardware to feed the data 
back to the virtual reality arena. This will provide a visual stimulus to the fly in real time based on the 
fly’s motion. My software will enable us to generate new insights into how flies control rapid aerial 
maneuvers. 

 
60. KABOOM: Designing Better Teams by Modeling the Effects of Cognitive Style on 

Collaborative Work 
Lapp, Sam; McComb, Chris 
 
Cognitive style plays an important role in how teams of engineers solve problems, but the interactions 
of cognitive style with team organization and processes are not well studied. The prohibitive cost of 
large human studies limits our ability to test how people of different cognitive styles solve problems 
together in real life. This research presents a method for modeling team problem solving by simulating 
individuals' diverse cognitive styles. We develop an agent-based model in which heterogeneous 
agents imitates the diverse problem-solving styles described by the Kirton Adaption-Innovation 
spectrum. This model can study the effects and interactions of teams’ cognitive style composition, 
process, and team structure for various problems. We demonstrate the model’s flexibility with a series 
of simulation experiments. Results from these experiments suggest that (1) the optimal amount of 
collaboration depends on team members’ cognitive style; (2) diversity of style on a team can be 
advantageous in certain scenarios; and (3) the optimal amount of specialization in a team depends on 
cognitive style. By simulating a wide range of problems, teams, and processes, this model reveals 
interesting effects that can, in the future, be tested with real life case-studies. 
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61. Multicomponent Catalysis: Directing Reaction Pathways for Hydrodeoxygenation of 

Furfuryl Alcohol at Pd/TiO2 Interfaces 
Deo, Shyam 
 
Biomass-derived furfural is a fuel precursor and model compound for exploring 
Hydrodeoxygenation(HDO).  Furfural HDO leads to methyl furan, a potential fuel additive. Recently, 
core-shell catalysts where individual noble metal nanoparticles (e.g. Au, Ag, Pt, and Pd) are isolated 
in the core/yolk-shell nanostructure of metal oxides (e.g. TiO2, CeO2, and ZrO2) claim to bring unique 
collective and synergetic function in comparison with single-component materials [1]. Palladium 
nanoparticles encapsulated by porous TiO2 showed high selectivity and activity towards HDO and 
minimal non-selective decarbonylation (DC), with the optimal catalyst having the smallest TiO2 pore 
sizes [2]. Despite this encouraging performance, the mechanistic role of TiO2 or the porous 
encapsulation that dictates the improved selectivity is unknown. TiO2 can both accept a proton from 
H2 to generate active sites and donate a proton to assist in cleaving the Cˆ’O bond of hydroxylated 
reactants [3]. Therefore, interfacial sites between metals and metal oxides have been proposed to 
play a vital role in assisting this complex reaction pathway with amplified selectivity to HDO and even 
hindering the side reactions like decarbonylation or aromatic ring hydrogenation. 
We use density functional theory (DFT) to study the elementary surface reactions of furfuryl alcohol at 
a series of models for the Pd-TiO2 interface. Interfacial models include Ti2O4 clusters and rutile TiO2 
nanowires over Pd(111) and a surrogate Helium pore model. DFT kinetics studies over Pd/TiO2 
nanowire model imply that the reduction of Ti or the presence of oxygen vacancies facilitates direct 
deoxygenation of furfuryl alcohol, pointing out the coupled effect of components across the interface. 
Same has been extended to explore for an optimal metal-oxide interface for deoxygenation. The 
fundamental understanding of the elementary processes occurring at the interfaces will have 
significant implications in developing novel catalysts that combine unique functionalities across 
materials for improved selectivity and activity. 

 
62. Machining Behavior and Material Properties in Electron Beam Melting Ti-6Al-4V 

Gong, Xi; Manogharan, Guha 
 
Additive Manufacturing (AM) technologies are capable to transforming part fabrication from a 
complicated 3-D subtractive/formative process to a simple layer-by-layer 2-D process. Laser powder 
bed fusion (L-PBF) is one of the most widely used metal AM technologies which build parts in layers 
by selectively melting metal powder using laser energy. However, due to rapid solidification rate in the 
melt pool and a large thermal gradient along the build direction during L-PBF process, highly 
heterogeneous material structure and corresponding mechanical properties with large residual stress 
are observed. There is a critical knowledge gap to correlate AM process-induced heterogeneous 
material properties, machining parameters on resulting cutting behavior and surface morphology. This 
study reports the relationship between microstructure variation due to AM processing (e.g. build 
orientation, post-AM heat treatment), and subtractive machining behavior (e.g. depth of cut, feed, and 
speed). Effects of material characterization on cutting coefficients and resulting surface morphology 
are reported using Ti-6Al-4V AM specimens. A statistical model based on two-point correlation 
function used to quantitative AM microstructure. Based on Taguchi experiments, results show that 
specific cutting power reduces when machining away from the build plate and stable cutting forces 
across build plane. Statistical tests confirm that material conditions (AM build orientation) is a 
significant factor that affects the rate of change in cutting behavior. This study will lead to build a 
fundamental bridge between statistical modelling of heterogeneous microstructure and machining 
behavior in metallic AM parts. 
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63. Investigating Gender Bias in Engineering Design 

Klett, Tatiana; Hocker, Emma 
 
As diversity in engineering continues to grow, there is a need for a greater understanding of the impact 
of diversity on engineering design teams. Implicit bias can have negative impacts on every phase of 
the design process, leading to harmful outcomes for the design team and the overall solution. While 
most related research discusses implicit bias within discussions of diversifying the engineering 
workforce, no research has been done to characterize the effect of bias on engineering artifacts. In 
this work, we outline the need for research regarding gender bias in engineering design students, and 
we begin investigating the extent to which this bias can affect engineering design team’s final solutions, 
team dynamic, and ideation/decision processes. Through our findings, our team hopes to prove a 
need for gender bias training in engineering design teams, as well as take a much-needed stride 
towards mending the gender gap in the engineering design field. 

 
64. The Effects of Warning Lead Time on Situation Awareness in Connected Vehicle 

Systems 
Tan, Xiaomei; Zhang, Yigi 
 
Connected vehicle technologies aim to improve drivers’ situation awareness and safety. By means of 
communication between vehicles as well as between vehicle and driver, the drivers are expected to 
be more vigilant and aware of surroundings and make better driving decisions. With this purpose, 
collision warning systems (CWSs) are being developed to warn the drivers of potential hazards so that 
they can avoid accidents within the warning lead time. However, drivers’ overreliance on CWSs could 
potentially impair their ability to maintain situation awareness (SA), and consequently driving 
performance. Therefore, it is necessary to understand the potential negative effects of warning system 
design on drivers’ situation awareness and explore mitigation technologies to help drivers maintain 
their SA. A driving simulator experiment was conducted on thirty-two participants to study the effects 
of the lead time of collision warnings (3s or 6s) and SA enhancement messages (with or without) on 
their driving behavior in eight counterbalanced collision scenarios and situation awareness via 
Situation Awareness Global Assessment Technique (SAGAT). Based on the data, it is expected to 
explore the influence of lead time of collision warning and SA enhancement messages on situation 
awareness and driving behavior, and furthermore, the implications for warning system design in 
connected vehicle systems. 

 
65. Recognizing Patterns of Exploitation in Cyber-Physical Systems 

Mahan, Tobias; Menold, Jessica 
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66. An Experimental Study of Passage to Passage Flow Interactions in A Single Stage 

Axial Flow Research Turbine Rotor 
Andichamy, Veerandra C. 
 
During the lifetime of a turbine stage, some of the blade tips undergo changes due to mechanical 
rubbing with casing surface and also due to thermal oxidation. Understanding the effect these 
damaged blades have over the undamaged blades is essential to estimate the overall performance of 
the turbine stage. The influence of one blade over another blade in a turbine stage can be understood 
by analyzing the interaction between their corresponding turbine passage flows. In this paper, the 
passage to passage interaction in a turbine stage is studied by modifying the tip of a turbine blade and 
analyzing its effect on the neighboring blade passage flows. The experiments in this study have been 
carried out in the single stage low speed axial turbine facility. All the measurements are taken in 
stationary reference frame using time accurate differential dynamic pressure transducer. The results 
from this study shows that even with significant variation on a blade tip, its effect on the turbine flow 
are only confined to its corresponding blade passage, and are not effectively propagated to its 
neighboring turbine passage flows. This indicates that there is no strong interaction between the 
passage flows of two different rotors in a turbine stage and in turn implies that the changes made in 
one of the blade in a turbine stage does not significantly alter the aerodynamic performance of other 
blades in the turbine stage. 

 
67. Optimization of Signal Phasing and Timing in a Connected Vehicle Environment with 

Pedestrians 
Liang, Xiao (Joyce); Ilgin Guler, S.; Gayah, Vikash V. 
 
Most studies that optimize signal plan with connected vehicle information do not consider pedestrians. 
However, if implemented in real life, although vehicle delay is optimized, pedestrian delay could still 
be large. The objective of this paper is to design an optimization method that include both 
transportation modes. The difficulty is three-fold: An effective estimation method of individual 
pedestrian arrivals is required; The optimization algorithm needs to account for both vehicle and 
pedestrian discharge sequences; The objective function should be carefully designed to consider both 
modes. To solve these problems, a discrete-time control algorithm will first estimate pedestrian arrival 
time based on available pedestrian information and pedestrian flow rate. Then, a set of potential signal 
phase sequences will be randomly generated, where 21 traffic signal phase options are designed to 
include all reasonable ways to discharge vehicles and/or pedestrians from the intersection. For each 
phase sequence, the corresponding vehicle and pedestrian departure sequences will be derived, and 
the objective value, a weighted combination of pedestrian and vehicle delay, can then be calculated. 
Phase sequences with small objective values will be selected to generate another generation, and the 
steps above will be repeated until a preset number of generations. The optimal phase sequence will 
be implemented, until the next control action. It is expected that this control algorithm is able to reduce 
both the vehicle and pedestrian delay and improve the overall intersection operation efficiency. 
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68. Characterization of Aggregate Disruption Using Organic Marine Particles in 

Rotating/Oscillation Aggregation Tanks 
Song, Yixuan; Rau, Matthew J. 
 
The settling of marine aggregate particles is one of the major transport mechanisms of material from 
the surface to the deep ocean. Turbulence in the ocean can affect the settling rate of these particles 
by altering their size, shape, and structure. The response of marine aggregates to turbulent energy is 
poorly understood and, as a result, there is a large amount of uncertainty in predicting particulate 
biogeochemical fluxes in the marine environment. In an effort to improve models predicting aggregate 
disruption due to turbulence, the breakup strength of natural marine aggregate particles was studied 
in-situ. Field measurements were conducted at three stations, Duck, North Carolina, the Long Island 
Sound, and the Chesapeake Bay. An optical scattering instrument (LISST-100X, Sequoia Scientific), 
modified to expose suspended particles to calibrated turbulence, was used to capture the particle size 
distributions at known energy dissipation rates. Measured particle spectra from these field 
investigations are presented along with methods developed in the laboratory to numerically partition 
each sample into its component particles. Strategies to estimate the population of unbreakable 
particles in the sample are also introduced. The resulting breakup strengths of the naturally-sampled 
particles from each station are presented and the impact of these findings on particle transport in the 
ocean is discussed. 
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