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BIOSYSTEMS ENGINEERING 
 
BAE-01 Engineering At The Tropics: Reclaiming Water Through Constructed Treatment Wetlands 

Authors: Ronald Aguilar; Juan Rojas; Alberto Miranda; Carlos Benavides; Dawn Reinhold 
 
Abstract: Access to clean water is essential to guarantee quality of life, though it is not appreciated such as by all. In 
tropical countries like Costa Rica, hydric resources are abundant, but not correctly protected. As an illustration, many 
agroindustry activities lack of wastewater treatments or misapply techniques to treat it. For example wastewater from 
livestock is land applied or simply dumped into water bodies, gravely contaminating it. Inexpensive, easy to install, 
operate and maintain solutions can be offered to farmers. Constructed treatment wetlands (CTWs), in temperate 
regions, have been successfully used to treat wastewater since 1950s and are expected to be a great promise in the 
tropics. With this is mind, a demonstration site with three CTW cells has been constructed and monitored in the Fabio 
Baudrit Experimental Station, Costa Rica. Working in series and receiving liquid anaerobic digested, a vertical flow 
CTW, and two free water CTWs have shown an excellent performance. Results indicate that chemical oxygen 
demand, total solids, volatile solids, total nitrogen, total phosphorus, pH and fecal coliforms have been reduced to 
concentrations that are below the maximum limits permissible by Costa Rican water Acts. In conclusion, CTWs in the 
tropics demonstrate that reclaim water is possible if engineered techniques are correctly apply. Further research on 
site will be focused on comparison of organic carbon and nitrogen removal processes for different wetland 
configurations, including microbial community analysis, and analysis of the contributions of plants in wetlands, with 
foci of nutrient cycling and clogging processes. 
 
This work was supported in part by Western Hemisphere Affairs Bureau (WHA)’s Energy and Climate Partnership of 
the Americas (ECPA) 
 
 
 
BAE-02 Design Of A Foldable Fresnel Lens Solar Thermal Collector For Power Generation 

Authors: Mauricio Bustamante Roman; Wei Liao 
 
Abstract: The study of the geometrical parameters that influence the solar heat collection using Fresnel lens has 
been investigated. The relationship between the concentration ratio and the absorber area in the receiver have been 
delineated. Considering the Newton’s Law of cooling and the Stefan Boltzman coefficient for energy loss via 
convection and radiation, the absorber area represents a design criterion to balance the energy collected from solar 
radiation and the energy transferred to the working fluid. Three concentration ratios (CR) (256, 576, and 1000) and 
three square absorber areas (AB) (1.5 in, 2 in, and 2.5 in) were selected for a steady state heat transfer analysis. 
Built upon the relationship between lens and absorber, a novel and foldable two-axis solar collector was designed to 
maximize the temperature in the receiver. Results show that there was not a significant difference in temperature for 
the concentration ratios, obtaining an average of 600°C, 525°C, and 440 °C for the three CRs. On the other hand, 
temperature changes significantly, when the absorber area varies, the temperatures obtained were 600 °C, 525 °C, 
and 440 °C using the three ABs for a CR of 576. The appropriate combination of the concentration ratio (considering 
shading created as depended of the interval of movement of the two-axis tracking system) and the absorber area is 
an important factor to design Fresnel Lens solar power generation system. 
 
This work was supported in part by U.S. Department of Defense Strategic Environmental Research and Development 
Program (W912HQ-12-C-0020) 
 
 
 
BAE-03 Woody Biomass Feedstock Harvesting From A Hybrid Poplar Plantation In Escanaba Michigan: A 

Case Study 
Authors: Zach Carter; Fei Pan; Yingqian Lin 

 
Abstract: Purpose-designed plantation biomass harvesting and processing equipment facilitate increases in 
operations productivity, but are not commercially available in general. Traditional timber harvesting equipment has 
been widely used over the decades and can be applied for plantation biomass harvesting when specially designed 
machinery is not available. The purpose of this research is to conduct a field-based case study in that utilizes a 
traditional commonly-used whole-tree harvesting system for energy wood plantation harvesting, so that a reference 
for the current woody biomass supply chain system can be provided. Productivity and cost of the selected harvesting 
system was evaluated through a time-motion study. Simulations were conducted to test system production rates 
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under the circumstances when the traditional system is designated to follow a certain harvesting pattern and when 
harvested biomass is immediately processed into wood chips without field drying. An energy analysis was also 
performed to estimate the fossil fuel inputs from the supply chain versus outputs produced from the woody biomass 
and the amount of greenhouse gas emissions produced by the supply chain. 
 
 
 
BAE-04 Observation Method Of Hydraulic Flow With Different Organic Loadings On A Drain Field 

Authors: Younsuk Dong; Steven Safferman 
 
Abstract: A drain field is widely used in on-site sanitary wastewater treatment systems to treat contaminants such as 
pathogens, nutrients, and carbon. This unit, associated with onsite wastewater disposal, uses microbial, physical, and 
chemical mechanisms. Failure of a drain field is caused by biomat growth or plugging with fats, oils, and grease. The 
biomat is composed of anaerobic microorganisms that stick to the soil and result in surface overflow and odor 
problems. Eventually, a drain field will clogg over time. High strength of organic loading will result premature aging of 
a drain field as it will increase the rate of biomat growth which will restrict the flow. To investigate, simulated drain 
fields were constructed with moisture sensors to determine if a biomat or solid is forming and preventing flow through 
the soil. All dimensions of the bench scale soil trench refer to the Michigan criteria for subsurface sewage disposal. 
Six CS616 volumetric water content sensors were placed at two depths. A CR 1000 datalogger and CS 616 
volumetric water content from Campbell scientific were used for data collection Five conditions are being tested 
including wastewaters from a domestic source, fast food restaurant kitchen, a combination of both and with and a 
without a commercial pretreatment system. 
 
This work was supported in part by MSU Bioeconomy Network, i6 Green Proof of Concept Center; Michigan 
Corporate Relations Network, Small Company Innovation Program; Sustainable Environmental Technologies 
 
 
 
BAE-05 Lignin To Liquid Fuels Using Fast Pyrolysis And Electrocatalytic Upgrading 

Authors: Mahlet Garedew; Aaron Gordon; Bruno Pasquini-Pivesso; Stephen Wilson; Leonardo Sousa; 
James E. Jackson; Christopher M. Saffron 

 
Abstract: Biomass fast pyrolysis (BFP), which uses heat (400-600°C) without oxygen to convert biomass to bio-oil, 
biochar and combustible gas, offers an alternative to fossil fuels and a means to alleviate the environmental impact of 
burning fossil fuels for energy production. The major product, bio-oil, can be further upgraded to liquid hydrocarbon 
fuels, while biochar can serve as a solid fuel or soil amendment. The combustible gas co-product is typically burned 
for needed process heat. However, the most valuable of the pyrolysis products, bio-oil is highly oxygenated, 
corrosive, low in energy content and unstable during storage due to the hundreds of compounds that make up bio-oil. 
As a means of improving bio-oil properties, electrocatalytic hydrogenation (ECH) is employed to reduce and 
deoxygenate reactive compounds. This study particularly focuses on the electrocatalytic stabilization of compounds 
derived from the pyrolytic depolymerization of lignin. As lignin is a component of biomass comprising up to 30% of the 
mass and 40% of the energy stored in biomass, it offers great potential as feedstock for BFP. Lignin model 
compounds representative of bio-oil components were subjected to ECH under mild conditions (80°C and 1atm) 
using ruthenium on activated carbon (Ru/ACC) as a catalytic cathode. To date, model monomers (guaiacol, syringol, 
syringaldehyde, vanillin, p-cresol, creosol, eugenol and others) have been reduced to simpler compounds such as 
cyclohexanol and phenol, which have better heating values when compared to the starting substrates. Using this 
method, model dimers such as 4-phenoxyphenol have also been cleaved and successfully reduced to cyclohexanol 
and phenol 
 
This work was supported in part by Great Lakes Bioenergy Center (GLBRC) 
 
 
 
BAE-06 Assessment Of The Applicability Of Benford’s Law To Detection Of Data Mishandling In Wastewater 

Treatment Plant Self-Reported Discharge Data 
Authors: Pouyan Hatami Bahman Beiglou; Jade Mitchell 

 
Abstract: Environmental monitoring and enforcement relies extensively on regulated entities to self-report pollution 
discharges. One of the most important areas where this is implemented is in the enforcement of permits for 
discharges to water resources. The Clean Water Act mandates that the Environmental Protection Agency (EPA) 
collect data from municipal wastewater treatment plants, which represent a subset of these National Pollutant 
Discharge Elimination System (NPDES) dischargers. There are cases when regulated plants might not report 
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accurate estimates of their pollutant discharges so the potential for chemical and biological pollution as the result of 
fraudulence may pose both ecological and human health risk. Furthermore, the limited resources of regulatory 
agencies limit their capacity to assess the veracity of the data proactively so enforcement relies heavily on other 
means like the on-site inspection process. The development of a data driven method to evaluate self-reported 
discharge data is needed to support regulatory enforcement. One method for uncovering fraud and irregularities in 
data sets is Benford’s Law. Benford’s Law is the empirical observation that the digit 1 to 9 are not equally likely to 
appear as the leading digit in multi-digit numbers. The frequency of the initial digits of the numbers within these data 
sets is neither random nor uniform. Benford’s Law is a robust screening tool for evaluation of large data sets and has 
been applied to a number of environmental data streams. Small deviations of a data set from Benford’s distribution 
may indicate the introduction of mishandling during data processing or fraudulent reporting. This study will determine 
if Benford’s Law can be applied to dynamic, auto correlated and bounded parameter values characterizing reported 
discharges from wastewater treatment plants in one state environmental agency. 
 
 
 
BAE-07 Tissue Specific Fractionation, Extraction And Characterization Of Energy Sorghum And The 

Development Of A Counter-Current Extraction And Alkaline Pretreatment For High-Titer Mixed Sugar 
Production 
Authors: Muyang Li; Dan Williams; Guilong Yan; Lisaura Maldonado; Alicia Martinez; David Hodge 

 
Abstract: Sorghum (Sorghum bicolor L. Moench) offers much potential as a feedstock for sugar-derived biofuels or 
biochemical production from both extractable sugars and cell wall polysaccharides. In this work, two “energy” 
sorghum lines (Della and TX08001) exhibiting a combination of high biomass productivity and high sugar 
accumulation were evaluated for their potential for integration into an alkaline pretreatment scheme. This includes 
determination and comparison of cell wall composition of extractable sucrose, fructose, glucose, starch, and pectic 
polysaccharides as well as tissue-specific (pith parenchyma, vascular bundles, and epidermis as a function of 
internode) composition and the response of these fractions to enzymatic hydrolysis following either no pretreatment 
or mild alkaline pretreatment. Additionally, a novel approach was investigated that may be able to integrate with 
current diffuser-type extraction systems for sugar extraction. This includes combining counter-current sucrose 
extraction with mild alkaline pretreatment which yields both a clean, pretreated bagasse and a high-concentration 
mixed sugar. Following hydrolysis, these combined hydrolysates derived from cellulosic sugars and extractable 
sugars were found to be fermentable to high ethanol titers (>5%) without detoxification using a Saccharomyces 
cerevisiae strain metabolically engineered and evolved to ferment xylose. 
 
This work was supported in part by NSF CBET Energy for Sustainability, NSF CBET 1336622 
 
 
 
BAE-08 Comparing The Effect Of Product Structure On Thermal Resistance Of Salmonella Enteritidis PT30 

On/In Almond And Wheat Products 
Authors: Pichamon Limcharoenchat; Bradley Marks; Michael James; Nicole Hall 

 
Abstract: Product characteristics of almond and wheat are known to affect Salmonella thermal resistances, which 
are important to quantify in order to ensure efficacy of pasteurization processes. Therefore, the objective was to 
quantify the effect of product structure on thermal resistance of Salmonella Enteritidis PT30 on/in multiple almond and 
wheat products. Raw almonds and whole wheat kernels were surface-inoculated with Salmonella Enteritidis PT30 
(~108 CFU/g). ). All inoculated products were equilibrated to ~0.4 water activity (aw) in computer controlled-humidity 
chambers before raw almonds and wheat kernels were fabricated into almond meal, almond butter, wheat meal, and 
wheat flour by food processor. The inoculated whole almond and wheat kernels were vacuum-packaged in thin-layer 
plastic bags, and fabricated samples were packed in aluminum test cells (sample thickness < 1 mm), heated (in 
triplicate) in an isothermal water bath (80°C), pulled at multiple intervals, cooled in an ice bath, diluted in peptone 
water, and plated on modified tryptic soy agar to enumerate survivors. Salmonella thermal resistance (D80C) was 
greater (P < 0.05) on/in all the almond products than on/in the wheat products. The highest D80C values of samples 
was almond butter. The D80C value in wheat meal was higher (P < 0.05) than for whole wheat kernels and flour. 
Product structure can affect Salmonella thermal resistance; however, that effect differs by product. The high oil 
content in the almond products may have caused the greater resistance, as compared to the wheat products. 
 
This work was supported in part by U.S. Department of Agriculture, National Institute of Food and Agriculture, Award 
No. 2011-51110-30994 
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BAE-09 A Strategy To Optimize Woody Biomass Feedstock Storage In The Supply Chain 
Authors: Yingqian Lin; Fei Pan 

 
Abstract: Due to the greater demand in bioenergy and bio-based products, feedstock supply chain optimization is 
critical to control the logistics costs. As a primary phase in the biomass feedstock supply logistics, the storage of 
harvested biomass can directly affect biomass quality and system efficiency. A model structured with linear 
programming was developed to determine an optimized biomass pre-processing, storage, and transportation 
strategy. The optimization model was applied in a simulated case study for an energy plant in Michigan. The results 
indicated that lower supply chain logistics costs and higher feedstock quality could be achieved by applying an 
optimized supply chain strategy while simultaneously meeting the feedstock user’s demand. The sensitivity analysis 
indicated that transportation distance had a lower level of impact than biomass moisture content (MC) does in the 
total cost and determining the supply chain logistics strategy. Further studies will be conducted to quantify the 
benefits of energy plant using drier biomass, as well as to extend the time window of the biomass supply for the 
whole year. 
 
This work was supported in part by Michigan State University 
 
 
 
BAE-10 Integrating Electrocoagulation (EC) And Biological Routes To Convert Organic Residues Into Value-

Added Chemicals 
Authors: Zhiguo Liu; Wei Liao; Yan Liu 

 
Abstract: Organic residues such as food wastes and animal manure are often treated by anaerobic digestion (AD), 
which is an effective biological pathway to sequester carbon, control odor, and produce energy (methane). However, 
the conversion of organic carbon into methane is not thorough, and AD has limitations to remove other nutrients (P 
and N) in the organic residues. The AD effluent is still an environmental liability that needs to be further processed. 
Therefore, this study developed an integrated system combining electrocoagulation (EC) and fungal fermentation on 
AD effluent to produce value-added chemicals of phosphorus fertilizer, chitosan, and organic acids (lactic acid, citric 
acid, and gluconic acid). A two-stage EC process was developed to treat the liquid AD effluent. The experimental 
result demonstrated that 90% COD and > 99% total phosphorous (TP) were removed from the liquid effluent, a solid 
phosphorus fertilizer was produced, and the water was reclaimed. The reclaimed water and solid AD digestate (rich in 
cellulose and hemicelluse) were mixed as the feedstock and treated by a novel co-hydrolysis process followed by 
fungal fermentation to produce chitosan, organic acids. Rhizopus oryzae was the fungal strain used by this study for 
various organic acids production. The experimental results indicated that EC solution has a positive effect on fungal 
fermentation in terms of accumulating chitosan-rich fungal biomass and co-producing organic acids. 
 
 
 
BAE-11 Feasibility Of Utilizing Sugar Beet Residues To Produce Chitosan As A Value Added Product For 

Food And Agricultural Applications 
Authors: Pat Sheridan; Yan Liu 

 
Abstract: This project investigates the feasibility of using sugar beet pulp (SBP), a residue from sugar processing 
operations, to produce chitosan. Currently, the sugar beet industry in Michigan produces over 200,000 dry tons of 
SBP. Most of this pulp is sold as an animal feed additive, requiring high energy inputs to both dry and transport. 
Improving the economic potential of these pulp residues is critical to improve the economic performance of the 
Michigan sugar beet industry. Chitosan is a natural polymer that exhibits antifungal, antibacterial, and antivirial 
properties. It has the potential to be used as a natural pesticide treatment to help increase crop resistance to 
pathogens, and as a food additive to help improve transport, storage, and shelf life of fruits and vegetables. Outside 
of the food and agricultural fields, chitosan has been shown to exhibit numerous health benefits such as antitumoral 
and hypocholesteroliemic properties. This study focused on developing a simultaneous saccharification and fungal 
fermentation process on fresh SBP to produce chitosan, evaluating the pesticidial bioactivity of the chitosan product 
produced, and conducting an economic analysis of different production scales to technically and economically 
conclude the feasibility of this production system. 
 
This work was supported in part by Michigan Department of Agriculture & Rural Development 
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BAE-12 Decision Support Tool Development For Michigan Based Renewable Energy 
Authors: Jason Smith; Steve Safferman; Younsuk Dong; Michael Thomas; David Binkley 

 
Abstract: To invest or not to invest? That is quite literally the multi-million dollar question facing many communities, 
farmers and policy makers across the nation in regard to renewable energy technologies. With rising energy costs, 
increased focus on nutrient management issues, and the possibility of increased renewable energy portfolio 
standards, turning wastes into valuable resources is an attractive option for many farms. However one must ask; is it 
worth the cost and risks of start-up? Since 2009 Michigan State University researchers have been developing a 
number of free-to-use decision support tools that allow farmers and other business owners to assess the potential 
energy and economic value of available biomass for renewable energy project development. These include GIS 
databases of waste biomass resources in the state, decision support checklists for energy developers, and financial 
calculators for renewable energy projects. Previous project phases focused on mitigating financial risk to farmers 
when developing biomass based renewable energy projects by leveraging these tools to generate low cost decision 
support models. These models have helped developers Identify project barriers, locate potential project resources, 
and estimate price points for financial sustainability. The research group’s ongoing work aims to mine the existing 
biomass databases for information that will pinpoint areas where environmental benefits are maximized and can be 
realized for the lowest possible input costs. The goal is for policy makers to target areas that offer the greatest 
environmental impact with their limited funding.  
 
This work was supported in part by Consumers Energy; MEDC 
 
 
 
BAE-13 Multiple-Stage Cultivation To Enhance Motierella Isabellina Lipid Production From Lignocellulosic 

Materials 
Authors: Yingkui Zhong; Yan Liu 

 
Abstract: Our previous study indicated that a filamentous fungus Mortierella isabellina, can directly use acetate, C5 
and C6 sugars in lignocellulosic hydrolysates for lipid accumulation. In this study, a multiple-stage cultivation 
approach was developed to further improve fungal lipid production for advanced biofuel and bioproduct production. 
The first stage was a nutrient rich stage, which had high biomass yield and productivity. Followed by nitrogen 
starvation in the second stage, the fungus can accumulate lipid as high as 60%. In the last stage, nitrogen source 
was added to boom the cell growth and increased the overall lipid production yield. Corn stover hydrolysate was used 
as the lignocellulosic carbon source for fungal fermentation, and there was no significant difference in biomass and 
lipid production compared to the synthetic medium cultivation. These results suggested that multiple-stage cultivation 
was an effective approach to accumulate fungal lipid as a feedstock for biofuel/bioproduct production. 
 
 
 
BAE-14 A Self-Sustaining Advanced Lignocellulosic Biofuel Production By Integration Of Anaerobic 

Digestion And Aerobic Fungal Fermentation 
Authors: Yuan Zhong; Zhenhua Ruan; Yingkui Zhong; Steven Archer; Yan Liu; Wei Liao 

 
Abstract: High energy demand hinders the development and application of aerobic microbial biofuel production from 
lignocellulosic materials. In order to address this issue, this study focused on developing an integrated system 
including anaerobic digestion and aerobic fungal fermentation to convert corn stover, animal manure and food wastes 
into microbial lipids for biodiesel production. Dairy manure and food waste were first anaerobically digested to 
produce energy and solid digestate (AD fiber). AD fiber and corn stover were then processed by a combined alkali 
and acid hydrolysis, followed by fungal lipid accumulation. The integrated process can generate 1 L biodiesel and 1.9 
kg methane from 12.8 kg dry dairy manure, 3.1 kg dry food wastes and 12.2 kg dry corn stover with a positive net 
energy of 57 MJ, which concludes a self-sustaining lignocellulosic biodiesel process and provides a new route to co-
utilize corn stover and organic wastes for advanced biofuel production. 
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CHEMICAL ENGINEERING 
 
CHE-01 Determinants Of siRNA Functional Asymmetry 

Authors: Phillip A. Angart; Daniel B. Vocelle; Christina Chan; S. Patrick Walton 
 
Abstract: The use of biological molecules as therapeutics (i.e., biologics) is a rapidly expanding area of 
pharmaceutical research because of their potential for high specificity and low toxicity. Biologics often utilize native 
cellular mechanisms to amplify their activity while producing minimal perturbation of cellular function. Short interfering 
RNAs (siRNAs) are a class of biologics that silence targeted mRNAs via the native eukaryotic regulatory pathway 
called RNA interference (RNAi). Canonical siRNAs are double-stranded with 19 central bases and 2 nucleotide 3’ 
overhangs. The RNAi pathway recognizes the siRNA structure and then removes one of the RNA strands to form an 
active complex called RISC, which finds its target through the now free base pairs of the remaining siRNA strand. 
While the recognition of the siRNA by the RNAi pathway is largely structurally based, siRNA activity can vary greatly 
with siRNA sequence. Our previous work has identified that the 5’ terminal nucleotide (TN) and the relative terminal 
hybridization stability (∆∆G) of the siRNA are independent predictors of siRNA activity. Here we show that both RISC 
loading and RNAi activity are influenced by both TN and ∆∆G with the stronger influence on functional asymmetry 
coming from TN. That said, they are not perfect predictors, indicating that other as yet unidentified factors also 
influence siRNA activity and functional asymmetry. 
 
This work was supported in part by National Institutes of Health (#GM079688, #RR024439, and #GM089866), MSU 
Foundation, National Science Foundation (CBET 0941055), MUCI, and the Center for Systems Biology 
 
 
 
CHE-02 Development Of An Association-Based Model For Bio-Derived Chemicals 

Authors: Aseel Bala-Ahmed; Carl T. Lira 
 
Abstract: Recently, bio-derived chemicals have gained favor over their petroleum-based counterparts and new 
processes for their manufacture are being proposed. However, process streams commonly encountered in the 
bioeconomy consist of polar solutions which hydrogen bond (associate), causing large deviations from ideal behavior. 
Therefore, a significant amount of capital and time must be invested to reliably predict phase equilibria. This has 
hindered the industrial implementation of bio-based processes. Many thermodynamic models have been designed to 
account for association but they often utilize more parameters than can be determined with confidence of physical 
relevance. Two main approaches for modeling are chemical theory and Wertheim’s theory. Both require accurate 
representation of the monomer fraction. Various studies have demonstrated the use of spectroscopy to quantify 
higher order chains in associating mixtures. However, spectroscopy alone is limited by its inability to distinguish 
between the monomer and end-group donor peaks. A promising approach is to use spectroscopy together with 
molecular simulation and material balances. Using experimental IR and NMR data to test simulations, force fields can 
be developed to accurately model molecular behavior and the monomer fraction. In this work, spectroscopy, 
molecular simulations and isotopic labeling will be utilized to improve the thermodynamic models for associating 
mixtures, facilitating more accurate and rapid process development. 
 
 
 
CHE-03 The Impact Of Precursor Solution Additive Choice On Average Infiltrate Oxide Particle Size Nano-

Composite Solid Oxide Fuel Cell Cathodes 
Authors: Theodore E. Burye; Hongjie Tang; Jason D. Nicholas 

 
Abstract: Recently, precursor nitrate solution desiccation1 and ceria nano-particle pre-infiltration2-4 have been 
shown to reduce the average size of mixed ionic electronic conducting solid oxide fuel cell infiltrate particles. Two 
common5-8 solution additives, Triton X-100 (TX) and Citric Acid (CA), were evaluated to determine their impact on 
the microstructure, phase purity, and long-term performance of infiltrated nano-composite cathodes made using 
desiccation or pre-infiltration. Cathodes were infiltrated using CA or TX containing La0.6Sr0.4Co0.8Fe0.2O3 (LSCF) 
precursor solutions, desiccated with CaCl2, and then fired at 700°C. Cathodes with identical Gd0.1Ce0.9O1.95 
(GDC) scaffolds containing pre-infiltrated GDC particles were infiltrated with LSCF precursor solutions, and fired at 
700°C. In all cases a LSCF loading level of 12.0 vol% was achieved. Cells were characterized through AC 
electrochemical impedance spectroscopy and scanning electron microscopy. 500 hour, open-circuit, polarization 
resistance (RP) degradation measurements were also conducted. LSCF particles were phase pure when produced 
from CA-containing precursor solutions, but secondary phase impurities were produced from TX-containing precursor 
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solutions. Both additives were found to lower RP with desiccation or pre-infiltration, but TX had a much larger impact, 
lowering RP to 0.1 Ωcm2 at 550°C and reducing the average infiltrate particle size from 50 to 22 nm. For solutions 
with either additive, the observed performance improvements were found to scale directly with the infiltrate particle 
size and were not due to changes in gas concentration polarization, infiltrate phase purity, or electronic conductivity. 
Cells made with TX had a slower RP degradation than CAD, with a 1.2%/1000 hr degradation rate achieved. 
 
This work was supported in part by National Science Foundation (NSF) award number CBET-1254453 and a 
Michigan State University faculty startup grant to Dr. Jason D. Nicholas 
 
 
 
CHE-04 Impact Of Xylan O-Acetylation In Arabidopsis Thaliana On Cell Wall Porosity And Response To 

Alkaline And Liquid Hot Water Pretreatment 
Authors: Jacob Crowe; Henry Pan; David Hodge 

 
Abstract: A key obstacle in the utilization of lignocellulosic biomass as a bioenergy feedstock lies in the recalcitrant 
secondary cell wall structure. Often a combination of mechanical and chemical pretreatment is required to modify the 
recalcitrant cell wall and render usable polysaccharides from these feedstocks. Another avenue of feedstock 
modification involves the modification of the genes associated with plant cell wall synthesis to yield feedstocks with 
reduced cell wall recalcitrance. In this study, modified feedstock lines from Arabidopsis thaliana expressing reduced 
O-acetylation (Tbl29-1 & Tbl29-2) were subjected to alkaline as well as liquid hot water (LHW) pretreatment, and 
fermentable sugar yields as well as structural characteristics were quantified and compared to wild type feedstock 
(WT). Pretreatment conditions resulted in increased deacetlyation and xylan removal from mutant feedstocks, 
indicating decrease in O-acetylation results in significant changes in the cell wall’s response to pretreatment. Water 
retention and differential scanning calorimetry were utilized to observe increases in water swellability as well as 
increased mutant cell wall porosity post-pretreatment. Fermentable sugar yields indicate that in all pretreatment 
cases, mutant lines exhibited improved yields when compared to wild type. These findings suggest that acetylation of 
xylan during cell wall growth impacts xylan-cellulose interactions and accessibility within the cell wall matrix as well as 
impacts acetyl deficient feedstock susceptibility to cell wall disrupting pretreatments. 
 
This work was supported in part by NSF Grant #1336622 
 
 
 
CHE-05 Thermodynamics And First Principles Based Approach To Develop Silver Free Braze Alloy For Solid 

Oxide Fuel Cell (SOFC) Application 
Authors: Tridip Das; Jason D. Nicholas; Yue Qi 

 
Abstract: Commonly used silver based braze alloy in planar SOFC stack has durability issues. The standard 97.5Ag-
2.5CuO alloy braze fails due to pore formation during long term application of more than 10,000 hours. A 
methodology is developed to design a silver free durable and impermeable braze alloy for SOFC application of 
40,000 hours at 750 deg C. The study focused on nickel based alloy from the knowledge of nickel superalloys. The 
search for alloying elements started from periodic table and narrowed down the selection list, based on brazing 
criteria for SOFC. The binary and ternary alloy phase diagrams are calculated from these selected list of elements 
based on CALPHAD approach. A list of possible alloy compositions are suggested based on thermodynamic 
calculations. The suggested alloy compositions are categorized in two systems as Ni-Si and Ni-Mn based. A 
comprehensive literature review is performed to summarize the present state of the art nickel containing brazing 
alloys. The literature review shows that the predicted alloy systems in this study are not commercially available 
according to best of authors’ knowledge. All the predicted Ni-Si based alloy compositions contains more than 30% Si, 
which makes the alloy brittle. So, any more studies are not performed on them. Ni-Mn based systems are suggested 
for further experimental studies. 
 
This work was supported in part by DOE 
 
 
 
CHE-06 Optimized Fiber-Reinforced Polymer Composites For Lightweighting: Toughening Of Aromatic 

Epoxy Polymers Via Aliphatic Epoxy Copolymers 
Authors: Markus A. Downey; Lawrence T. Drzal 

 
Abstract: The new EPA corporate average fuel economy (CAFE) standards will require a target of 54.4 mile per 
gallon to be met by 2025. Lightweighting has become a central strategy of meeting the CAFE standard, within which 
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fiber-reinforced polymer composites will play an important part. Aromatic diglycidyl ether of bisphenol A (DGEBA) 
based epoxy polymer matrix systems are important for high-performance and structural applications due to their high 
strength-to-weight ratios. However, their brittle nature, i.e. lack of toughness, is an issue that needs to be addressed. 
In an initial stage to toughen the base matrix material, the presented research shows that small additions of a more 
flexible aliphatic epoxy copolymers, both di- and tri-functional, can significantly increase the notched Izod impact 
strength (56 to 77%) over the neat DGEBA, while not detrimentally affecting other mechanical properties such as 
glass transition temperature and flexural properties. The improvement in impact toughness is attributed to the more 
flexible backbone of the aliphatic epoxy molecules. On the basis of these promising results, carbon fiber reinforced 
composites with 1 wt% di-functional aliphatic co-polymer in either the fiber sizing or the polymer matrix were 
produced and tested. The aliphatically toughened sizing showed an increase of 10% in mode 1 fracture toughness, 
while the aliphatically toughened matrix showed a 90% increase in mode 1 fracture toughness. The enhanced 
toughness can be either used for a reduction in the amount and weight of material needed for the given application or 
allow the use of polymer composites in areas that were previously not possible. 
 
This work was supported in part by General Electric Aviation 
 
 
 
CHE-07 Processing Methods Of High Density Polyethylene-Exfoliated Graphene Nanoplatelet 

Nanocomposites For Automotive Fuel Tank Applications 
Authors: Keith T. Honaker; Frederic Vautard; Lawrence T. Drzal 

 
Abstract: Melt extrusion followed by injection molding was used to manufacture high density polyethylene (HDPE) – 
exfoliated graphene nanoplatelet (GnP) nanocomposties. To further enhance the composite properties, different 
processing techniques were explored including microlayer coextrusion and solution sonication followed by extrusion. 
Modifications to the nanocomposite components were investigated, including cryomilling the HDPE pellets and 
coating the platelets with a low density wax or elastomer before further processing. Mechanical properties (Izod 
impact, tensile, flexural) and barrier properties to oxygen were tested to evaluate the relationships between 
morphology, processing and properties. Melt extrusion of HDPE and GnP yielded a clear increase in stiffness, a 
decrease in Izod impact resistance, as well as a 50% decrease to both oxygen and fuel permeation with a 5 wt. % 
GnP composite. Microlayer coextrusion yielded a high alignment of the nanoplatelets in the direction of the flow and 
resulted in improved permeation resistance at low GnP concentration, but did not result in a further improvement of 
barrier properties at concentrations above 5 wt. %. Cryo-milling the HDPE pellets into a powder resulted in a minor 
decrease in mechanical properties with a 35% increase in permeation resistance to oxygen. A wax coating on the 
platelets before melt extrusion resulted in an increased in Izod impact resistance, but a decrease in flexural modulus 
and resistance to oxygen permeation. An elastomeric coating of the GnP resulted in retaining the flexural and 
permeation properties, with a slight improvement to the Izod impact resistance. Presented at 2014 SPE Advanced 
Composites Conference and Exposition 
 
This work was supported in part by Hyundai Kia America 
 
 
 
CHE-08 Computationally Analyzing Oxygen Vacancies In Li2MnO3-Delta 

Authors: Christine James; Yue Qi 
 
Abstract: The layered-layered cathode material xLi2MnO3·(1-x)Li(Ni,Co,Mn)O2 has exhibited reversible capacities 
above 250 mAh/g. This is a high capacity cathode material compared to the commonly used LiCoO2 (~160 mAh/g). It 
is widely agreed that this extra capacity comes from “activation” due to, atleast in part, the loss of Li2O from the 
Li2MnO3 component during the first charge cycle at around 4.4 V vs Li/Li+. Experimental studies have shown that 
Li2MnO3 alone can exhibit high capacities and is “activated” in the same way as the layered-layered cathode 
material, meaning it is atleast in part activated by the removal of Li2O. Experimental studies have also shown that in 
the layered-layered cathode material the Li2MnO3 component is the limiting component of kinetics. The creation of 
oxygen vacancies and the lithium diffusion in Li2MnO3-delta were studied computationally because the atomic effects 
are difficult to understand experimentally. Density functional theory (DFT) was used to study the effect of oxygen 
vacancies on the removal of lithium atoms. Ab-initio molecular dynamics (AIMD) and the nudged elastic band (NEB) 
method were used to study lithium diffusion in Li2MnO3-delta. Lithium vacancies were shown to be more 
energetically favorable in sites near the oxygen vacancies. Additionally, the oxygen vacancies hindered the diffusion 
of lithium atoms. 
 
This work was supported in part by NSF/DMR award 1410850 
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CHE-09 Condensed Phase Ethanol Conversion To Higher Alcohols 
Authors: Tyler Jordison; Dennis J. Miller; Carl Lira 

 
Abstract: Higher alcohols (C4+) are an important class of chemical feed stocks as well as potential biofuels. Bio-
based ethanol offers the opportunity to produce these higher alcohols via condensation pathways collectively known 
as Guerbet reactions. Numerous studies on Guerbet reactions have been carried out over the past 100 years, mostly 
in the vapor phase. To date, the highest yields reported for n-butanol are only ~30% of theoretical. In this paper, we 
focus on characterizing the behavior of gamma-alumina-supported nickel catalysts to carry out Guerbet reactions of 
ethanol in the liquid phase. The addition of lanthanum oxide as a modifier of gamma-alumina acidity results in 
catalysts that provide higher alcohol selectivities in excess of 80% at 230oC and autogeneous pressures. At these 
conditions, which are near the critical temperature of ethanol, the liquid phase is significantly expanded, byproduct 
gases (CH4 and CO2) are significantly dissolved in the liquid phase, and the vapor phase contains significant 
quantities of the alcohols. To accurately compute ethanol conversion and product yields in the batch reactor, 
compositions and quantities of the vapor and liquid phases have been modeled using the S-R Polar equation of state.  
 
This work was supported in part by DOE; National Corn Growers Association 
 
 
 
CHE-10 Block Copolymers As Toughening Agents For Epoxy Resins 

Authors: Nicholas T. Kamar; Lawrence T. Drzal 
 
Abstract: The projected 2019 market value for epoxy resins is $9.2 billion and the aerospace epoxy polymer 
composite market is projected to reach $5 billion by then as well. Cured epoxy resins have versatile chemistries, high 
strength, stiffness and good chemical, thermal and electrical resistivities. However, cured epoxies are brittle 
materials, i.e. they have a low fracture resistance. Therefore, this work explored toughening a model diglycidyl ether 
of bisphenol-A epoxy resin cured with m-phenylenediamine. Toughening agents included carboxyl-terminated 
butadiene-acrylonitrile rubber (CTBN) and (poly)-styrene-block-(poly)-butadiene-block-(poly)-methylmethacrylate 
(SBM). This work explored the effects of processing temperature, high shear rate mixing and concentration on the 
mechanical, thermomechanical and fracture properties of CTBN and SBM modified epoxies, respectively. It was 
found that SBM was a more effecient toughening agent than CTBN. That is, at 10 phr SBM, the fracture toughness 
was increased by 215%, while at 10 phr CTBN, an increase of 90% was observed. Furthermore, the addition of SBM 
into the epoxy resin at 5, 10 and 15 phr does not result in a loss in glass transition temperature (Tg). Contrarily, when 
CTBN is added to the epoxy, Tg was decreased. Finally, the morphology of the phase separated copolymers in the 
epoxy was studied by scanning electron microscopy of compact tension specimen fracture surfaces. Results showed 
that CTBN phase separated into spheres with particle diameters dependent on CTBN acrylonitrile content. SBM was 
found to phase separate into worm-like micelles, with particle size dependent on concentration within. 
 
This work was supported in part by General Electric Aviation 
 
 
CHE-11 Non-Precious Metal Catalyst For Oxygen Reduction 

Authors: Nathaniel Leonard; Cenk Gumeci; Scott Calabrese Barton 
 
Abstract: Non-precious metal catalysts (NPMC) for proton exchange membrane fuel cells (PEMFC) are explored. 
Research into NPMCs is motivated by the growing need for cleaner, more efficient energy options. To this end, the 
morphology and function of metal-nitrogen-carbon (MNC) oxygen reduction catalysts are studied. A porosity study 
finds that mesoporosity is critical to high performance of autogenic pressure metal-nitrogen-carbon (APMNC) oxygen 
reduction catalysts. Also, a rotating ring-disk electrode (RRDE) study indicates that the oxygen reduction reaction 
(ORR) proceeds both via a direct four-electron pathway to water at high potentials and an indirect peroxide pathway 
at low potentials on an APMNC catalyst. At higher potential, site availability inhibits peroxide generation causing the 
direct four-electron reduction pathway to dominate, but the net peroxide generation remains relatively low over the 
entire range due to reduction of peroxide to water. Finally, a PEMFC cathode model is developed for hydrophilic MNC 
catalysts. Water flooding was studied in terms of its impact on gas-phase transport and electrochemically accessible 
surface area (ECSA). Fuel cell data is modeled at a variety of pressures and catalyst layer thicknesses. A sensitivity 
study is performed on the controllable cathode parameters. Sensitivity analysis identified loading and density as 
critical parameters, and parametric studies indicated that decreased loading would lead to higher catalyst utilization. 
 
This work was supported in part by Department of Energy 
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CHE-12 Silylated Soybean Oil For Industrial Coating Application 
Authors: Chetan Tambe; Daniel Graiver; Ramani Narayan 

 
Abstract: Soybean oil is widely available vegetable oil all over the world, thus, it provides a cheap and sustainable 
source of raw material with compared non-renewable petroleum sources. In addition to being a food source to human 
being, soybean oil can be made useful in many applications like biodiesel, coatings etc. by chemically modifying it. In 
this study, a novel solvent free one step silylation process for the preparation of moisture curable soybean oil is 
introduced. Hydrosilylation is so far the most popular routes in obtaining organosilicon compounds and has been 
commercially used to graft silanes onto organic compounds by formation of Si-C bonds. Unfortunately, the 
hydrosilylation reaction is most effective with alkenes containing terminal double bonds. This research focuses on 
studying, grafting of silane functionality, using vinyltrimethoxy silane, onto the unsaturation present in the fatty acid 
chains of triglycerides and further developing a coating material. The silylated soybean oil possesses low viscosity, 
which is ideal for a coating material. The oil was easily moisture curable with at RT and was successfully used as a 
water repellent coating material for paper coating application. Kraft papers were coated using a direct gravure roll 
coaters and achieved significant increase on the moisture resistance (by 40%) based on Cobb value characterization. 
This silylated soy oil is an unsaturated polyester (UP) and provides a low viscosity raw material for synthesizing UP 
resin. A future work of preparation of UP resin using organo-silicone chemistry for protective coating application is 
proposed. 
 
This work was supported in part by Department of Defense (contract # N00189-12-C-Z003) and Northern 
Technologies International Corporation (NTIC), who provided help in scaling up the process and evaluating the 
performance of the paper bags 
 
 
 
CHE-13 Engineering Delivery Vehicles For siRNA Therapeutics 

Authors: Daniel Vocelle; Olvia Chesniak; Milton Smith; Christina Chan; S. Patrick Walton 
 
Abstract: Given the limitations of small molecule and protein based drugs, new therapeutic approaches are needed 
for treating disease-associated proteins. One potential candidate, short interfering RNA (siRNA) therapeutics, is 
capable of highly specific targeting for a wide range of proteins. With the assistance of target specific delivery 
vehicles, siRNAs are transported from an extracellular environment into the cytoplasm of eukaryotic cells. Utilizing the 
RNA Interference (RNAi) pathway, siRNA degrades sequence specific messenger RNA (mRNA) and reduces target 
protein expression. siRNA therapeutics have been developed for cancers, genetic disorders, and infectious diseases, 
but haven’t received FDA approval due to their dependency on inefficient delivery vehicles. While many types of 
delivery vehicles have been developed, there is little consensus regarding the mechanisms or characteristics 
essential for delivery. Using silica nanoparticles (SNPs) varied by size, structure, charge, and functionalized surface, 
delivery criteria can be investigated among four main categories: siRNA binding affinity, membrane translocation, 
biodistribution, and protein suppression. Current data indicates that particle binding affinity and location of dextran 
functionalization are important in facilitating active silencing. Intracellular trafficking data supports SNPs utilizing 
scavenger receptor mediated endocytosis and preferentially accumulating within acidic organelles, where complex 
dissociation occurs. To date, our efforts have led to the development of a SNP capable of delivering 10x more siRNA 
than Lipofectamine 2000, a commercially available delivery vehicle, and achieving comparable silencing over a 
longer duration at an increased initial rate. 
 
This work was supported in part by National Institutes of Health (#GM079688, #RR024439, and #GM089866) 
 
 
 
CHE-14 Exploring Sequence-Specificity Determinants Of Enzymes Through Deep Mutational Scanning 

Authors: Emily Wrenbeck; Tim Whitehead 
 
Abstract: Enzymes (biocatalysts) are proteins that catalyze specific chemical transformations in biological contexts. 
Biocatalysts can potentially provide renewable, environmentally friendly, and safe routes for replacement of 
chemocatalytic reactions. For many potential industrial applications, natural enzymes are not capable of turning over 
the molecule of interest. Through state of the art protein engineering, novel and improved substrate affinities have 
been achieved, though the examples are few. To design enzymes that act on user-defined molecules a deep 
fundamental understanding of substrate-specificity determinants is needed. Using the aliphatic amidase (amiE) from 
Pseudomonas aeruginosa as a model system, we aim to generate fundamental knowledge of the relationship 
between a protein’s primary sequence and its substrate specificity. By correlating the fitness of a host organism 
through its growth rate to protein fitness, a large number of amiE variants (>20,000) can be screened via competitive 
selection in a single reaction vessel. Multiple selection events will be carried out on different short chain amides, 
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namely acetamide, propionamide, and isobutyramide. The fitness of individual amiE variants will be quantified 
through next generation sequencing. Through comparative analysis of the different selection data, important positions 
for selectively will be identified. We expect that specificity determinants will be located in the binding pocket, with 
additional determinants in neighboring spatial shells. Development of high-throughput methods for designing 
enzymes with programmable substrate specificities would have significant impact on the transition of industrial 
chemical reactions towards biosynthetic routes. 
 
This work was supported in part by National Science Foundation (NSF); MSU Plant Biotechnology for Health and 
Sustainability 
 
 
 
CHE-15 Synthesis, Characterization And Assessment Of A Fibrous MnOx Catalytic Film Formed On FTO By 

Dual-Session Cyclic Voltammetry 
Authors: Hao Yuan; Robert Y. Ofoli 

 
Abstract: We have developed a new electrodeposition method to synthesize a manganese-based (MnOx) catalytic 
film in situ on conductive surfaces in aqueous media. This approach uses an electrochemical deposition protocol 
involving two consecutive cyclic voltammetry (CV) sessions over different ranges of potential (0.0 to 0.6 V and 0.6 to 
2.0 V), followed by calcination to increase catalyst crystallinity. The resulting film has a nanoscale fibrous morphology 
that is uniformly distributed over the conductive surface. The surface morphology and elemental composition were 
characterized by scanning electron microscopy (SEM), transmitting electron microscopy (TEM) and energy-dispersive 
x-ray spectroscopy (EDS). The catalytic functionality was assessed by cyclic voltammetry (CV), which showed 
excellent effectiveness towards water oxidation. Its stability was assessed by consecutive CV and long term 
amperometry experiments, with the results showing stable catalytic performance over long periods of time. A 
nucleation-growth theory proposed to explain the mechanism(s) for formation of the fibrous surface morphology has 
been supported by several preliminary assessments. The effects of other synthesis parameters such as ionic 
strength, potential ranges, and number of scanning cycles were also evaluated. This protocol has the potential to 
open avenues for synthesis and optimization of other manganese-based water oxidation catalysts. 
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CIVIL ENGINEERING 
 
CE-01 Influence Of Temperature Induced Bond Degradation On Capacity Of Fire Exposed Reinforced 

Concrete Beams 
Authors: Ankit Agrawal; Venkatesh Kodur 

 
Abstract: Reinforced concrete structures, when exposed to elevated temperatures lose load carrying capacity due to 
degradation in mechanical properties as well as deterioration in the interfacial bond between concrete and rebars. 
The extent of bond deterioration influences stress transfer between concrete and causes a reduction in load carrying 
capacity of reinforced concrete members. In this paper, the influence of temperature induced bond degradation on 
response of reinforced concrete beams exposed to fire is investigated. A finite element based numerical model is 
developed in ABAQUS for tracing the response of reinforced concrete beams exposed to fire. The interfacial bond 
between concrete and reinforcing steel is taken into account using zero thickness bond-link elements consisting of 
two orthogonal springs to transfer shear and normal forces in the transition zone between rebar and concrete. The 
non-linear behavior of the bond-link element is defined using temperature dependent interfacial bond stress-slip 
models proposed in literature. Predictions from the model are compared against measured response parameters 
during fire tests. It is illustrated that interfacial bond between reinforcing steel and concrete can significantly influence 
response of RC beams exposed to fire, and thus needs to be accounted for in evaluating fire resistance of RC 
members. 
 
 
 
CE-02 An Evolutionary Computational Approach For Damage Detection Using Self-Powered Wireless 

Sensor Data 
Authors: Amir H. Alavi; Hassene Hasni; Nizar Lajnef; Karim Chatti 

 
Abstract: A major limitation in implementation of self-powered wireless sensors pertains to a considerable loss of the 
sensed information. Consequently, interpretation of the limited but valued data generated by the self-powered 
wireless sensing technology becomes a challenging problem. To tackle this issue, this study presents an evolutionary 
computational approach for structural damage detection using the self-powered wireless sensor data. The proposed 
data interpretation system is based on the integration of a robust evolutionary technique, called gene expression 
programming (GEP), and finite element (FE) method. Several damage indicator variables are extracted upon the 
simulation of the compressed data stored in memory chips of a self-powered sensor. For the analysis, the 
complicated case of U10 gusset plate of the I-35W highway bridge in Minneapolis, Minnesota is considered. The 
gusset plate structure is analyzed as a 3D FE model utilizing Abaqus computer software. Various configurations are 
considered for the sensor number and locations. Subsequently, different damage scenarios are introduced to the 
plate and for each scenario and sensor configuration, a damage detection model is derived. Bases on a logistic 
regression analysis, probabilities are assigned to each model to find the most probable damage state. The damage 
detection models are presented as MATLAB and Visual Basic codes for further analysis. An uncertainty analysis is 
performed through the contamination of the damage indicator features with different Gaussian noise levels. The 
results indicate that the proposed method is efficiently capable of detecting different damage states in spite of high-
level noise contamination. 
 
This work was supported in part by U.S. Federal Highway Administration (FHWA) 
 
 
 
CE-03 A Data Interpretation Algorithm For Structural Damage Detection 

Authors: Amir H. Alavi; Hassene Hasni; Nizar Lajnef; Karim Chatti 
 
Abstract: An innovative data interpretation system integrating finite element method (FEM) and probabilistic neural 
network (PNN) based on Bayesian decision theory is developed for damage detection. The proposed approach is 
established upon the simulation of the compressed data stored in memory chips of a newly developed self-powered 
wireless sensor. Several features extracted from the cumulative limited static strain data are used as damage 
indicator variables. Another important contribution of this paper is to define effective indicator variables that 
simultaneously take into account the effect of array of scattered sensors. This enables the method to detect damage 
at any location in a structure with an organized or a sparse random distribution of the sensors. The efficiency of the 
method is verified for the complicated case of U10 gusset plate of the I-35Whighwaybridge in Minneapolis. The beam 
and gusset plate structures are analyzed as 3D FE models utilizing Abaqus computer software. The static strain data 
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from the FE simulations for different damage scenarios is used to calibrate the sensor-specific data interpretation 
algorithm. The viability and repeatability of the method is demonstrated by conducting significant number of 
simulations. Furthermore, a general scheme is presented for finding the optimal number of data acquisition points 
(sensors) on the structure and the associated optimal locations. A detailed uncertainty analysis is performed through 
the contamination of the damage indicator features with different Gaussian noise levels. The results indicate that the 
proposed method is efficiently capable of detecting different damage states in spite of high-level noise contamination. 
 
This work was supported in part by U.S. Federal Highway Administration (FHWA) 
 
 
 
CE-04 Experimental Analysis Of Damage Progression Using Self-Powered Wireless Sensors 

Authors: Amir H. Alavi; Hassene Hasni; Nizar Lajnef; Karim Chatti 
 
Abstract: This paper presents the results of a series of three-point bending tests on intact and damaged steel 
platesto studythe crack influence on the neighboring strain field. Several piezoelectric discs were installed to monitor 
the damage progression. A higher density of the piezoelectric discs was considered around the damage location to 
assess the neighboring strain field. Several displacement-controlled cycles with different frequencies and amplitudes 
were applied to the intact and damaged plates. It was observed that the discs located around the damage zone could 
efficiently capture the strain pattern increases and decreases due to damage progression. The results from these 
piezoelectric discs can be considered as an interesting tool for damage localization. That is to say, if the discs are not 
too far from the damage nor very adjacent to the damage zone, there would be a clear increasing or decreasingtrend 
to damage progression.Besides, several other tests were performed to check the minor changes in the boundary 
conditions (BCs) and test repetitions. 
 
This work was supported in part by U.S. Federal Highway Administration (FHWA) 
 
 
 
CE-05 Effect Of High-Temperature Creep On Response Of Concrete Columns Exposed To Fire 

Authors: Saleh Alogla; Venkatesh Kodur 
 
Abstract: Concrete columns experience significant deformations when exposed to fire due to the development of 
mechanical, thermal, transient, and creep strains. While the characterization and quantification of thermal and 
mechanical strains is well established for different concrete types, there is very limited data and models for high-
temperature creep and transient strains. To show the rule of creep and transient strains in the response of concrete 
columns, two reinforced concrete columns are analyzed under fire utilizing a model developed using ABAQUS finite 
element program. In the model different creep and transient strain laws are considered to generate comparative 
structural responses and fire resistances of reinforced concrete columns based on strength failure criteria.  
Results from the numerical model shows considerable increase in the predicted fire resistance for reinforced concrete 
columns compared to experimental results when utilizing constitutive relationships that implicitly accounts for 
transient and creep strains of concrete. Including transient and creep strains explicitly also improves the numerical 
results of axial displacement variation with time of tested columns. The model also shows that utilizing different 
transient and creep strain models in the analysis shows considerable variability of the predicted fire resistance and 
axial displacement. Explicitly accounting for transient creep strains gives realistic fire resistances similar to the 
experimental results, while ignoring these strains in analysis yield very un-conservative fire resistances. 
 
 
 
CE-06 New Displacement-Based Design Procedure For Ductile Reinforced Concrete Bridge Pier-Walls 

Authors: Mansour Alturki; Rigoberto Burgueño 
 
Abstract: Current seismic design provisions for bridge pier-walls are highly simplified and may lead to safety 
problems. The reason is that these provisions limit the in-plane response of pier-walls to the elastic range, which 
leads to higher design forces and increases the risk of brittle failures and construction costs. Statistical and numerical 
studies were carried out to develop a complete design procedure that employs the in-plane inelastic deformation 
capacity of pier-walls. Tests of statistical significance were conducted on experimental data from published literature 
to determine a lower bound limit for the displacement ductility capacity of pier-walls. Section analysis studies were 
also performed to study the effect of the sectional parameters on the effective yield curvature of pier-walls. New 
values for the displacement ductility demand (D) and the response modification factor (R) are proposed. These 
values are based on a refined definition that depends on the size ratios of pier-walls. A new expression for the 
effective yield curvature of pier-wall sections, which depends on sectional properties and the axial load level, is also 
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proposed. Finally, a new displacement-based design procedure for pier-walls with ductile response is presented. The 
new design procedure leads to a direct estimate of the steel reinforcement ratio and employs the in-plane ductility 
capacity of pier-walls. Based on finite element analyses of the designed pier-walls, it was found that the new design 
procedure results in enhanced performance under seismic loading with lower reinforcement ratios. 
 
 
 
CE-07 Response Of Fire Exposed Steel Bridge Girders 

Authors: Esam Aziz; Venkatesh Kodur 
 
Abstract: Fire is one of the most severe environmental hazards to which infrastructures may be subjected during 
their lifetime. Bridge fires can lead to significant economic and public losses. However, at present there are no 
specific fire resistance provisions in bridge design codes and standards to enhance structural fire safety of bridges. 
This work presents experimental and numerical studies on response of steel bridge girders exposed to fire. As part of 
experimental studies three steel-concrete composite girders were tested under simultaneous loading and fire 
exposure. Test variables included; load level, web slenderness, and spacing of stiffeners. A finite element model is 
applied to evaluate the critical factors that influence fire resistance of steel girders in bridges. Results from these 
studies indicate that a typical steel girder can experience failure under standard fire conditions in about 20 minutes. 
Also, numerical analysis results indicate that the time to failure and mode of failure in fire exposed steel girders is 
highly influenced by web slenderness, and fire intensity. 
 
This work was supported in part by National Science Foundation 
 
 
 
CE-08 Closed-Form Solution To P-Delta Effects On The Nonlinear Response Of Slender Reinforced 

Concrete Bridge Columns 
Authors: Ata Babazadeh; Rigoberto Burgueño 

 
Abstract: Reinforced concrete (RC) bridge columns are designed to perform beyond their elastic limits in the advent 
of moderate and strong earthquakes. Thus seismic energy is dissipated through inelastic deformations at the critical 
section of the column, known as the plastic region. The size of the plastic region and the magnitude of the inelastic 
demands over the region are affected by the column deformations (delta). The effect is intensified as the column 
slenderness increases since the slender columns exhibit exceptional flexibility that leads to significant vulnerability to 
member deformations and P-delta moments. In this communication, a closed-form solution to P-delta effects on the 
inelastic response of RC bridge columns is presented. The derivation of the solution was based on an equivalent 
elastic structure with a constant flexural stiffness for the cracked RC section that enables the solution to be 
independent of the global displacements. Formulas were derived to predict the length of the plastic region and the 
extent of P-delta effects on the inelastic response of slender RC columns. This led to the identification of a 
dimensionless slenderness parameter that measures the susceptibility of columns to P-delta effects. Experimental 
data from tests on large-scale slender columns were utilized to verify the results from the closed-form solution. It is 
demonstrated, through comparison between the test data and the obtained results, that the proposed formulas for 
estimating the magnitude of P-delta moments and the spread of the plastic region are accurate for small to 
intermediate inelastic lateral deformations. 
 
This work was supported in part by National Science Foundation under Grant numbers CMMI-1000549 and CMMI-
1000797 
 
 
 
CE-09 Finite Element Modeling Of Temperature And Stress Development In Ultra-High Performance 

Concrete During Early Stages Of Curing 
Authors: Pratik Bhatt; Venkatesh Kodur 

 
Abstract: The development of mechanical properties in concrete is related to the hydration of the cementitious 
particles in the batch mix. Ultra-high performance concrete (UHPC) refers to a class of concrete with enhanced 
strength and durability properties, achieved by increasing the packing density of cementitious and filler constituents, 
use of very low water/cementitious ratios, and effective use of fibers. This low water/cementitious ratio often lead to 
higher rate of hydration leading to generation of large amount of heat of hydration during early stages of curing. This 
high heat of hydration, combined with relatively low thermal conductivity and surface cooling effects, often lead to 
high peak temperatures and large temperature gradients, especially in massive concrete blocks. This results in high 
thermal stresses leading to development of cracks in concrete. To minimize such cracking effective strategies needs 
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to be developed. With a view to formulate such strategies, a thermo-mechanical finite element model is developed to 
evaluate the progression of temperatures, and stresses during curing of UHPC. Appropriate thermal and mechanical 
properties of UHPC are suitably incorporated in the model. The progression of temperature and stresses are studied 
for different sizes of UHPC blocks. Results from the study shows that temperature gradient and stresses increase 
with the increase in size of the UHPC block. The effect of thermal curing blankets often used to control the 
temperature rise and prevent the heat dissipation is also studied. 
 
 
 
CE-10 Local Calibration Of The Rigid Pavement Performance Prediction Models Using Different 

Resampling Methods 
Authors: Wouter Brink; Syed W. Haider; Neeraj Buch 

 
Abstract: The local calibration of the performance models in the mechanistic-empirical pavement design guide 
(MEPDG) is necessary to support the implementation of the new pavement design methodology. The data 
requirements for the selected set of pavement sections from the PMS for local calibration include (a) a wide range of 
inputs related to traffic, climate, design and material characterization, (b) a reasonable extent and occurrence of 
observed performance data over time. This poster highlights the local calibration procedure for the rigid pavement 
performance prediction models using different resampling methods. Resampling methods such as, split sampling, 
bootstrapping, and jackknifing were used to locally calibrate the transverse cracking and IRI models. These 
resampling methods were used to study the variability of the model calibration coefficients. The bootstrapping method 
resulted in the lowest standard error for both performance models. The variability of the calibration coefficients were 
quantified for the repeated split sampling, jackknifing and bootstrapping methods. Bootstrapping provides more 
robust estimates of the calibration coefficients especially with small sample sizes. The comparison between the 
various resampling methods are summarized and presented for the locally calibrated models. 
 
This work was supported in part by Michigan Department of Transportation 
 
 
 
CE-11 Local Calibration Of The Rutting Model In The MEPDG 

Authors: Wouter Brink; Syed W. Haider; Neeraj Buch 
 
Abstract: The local calibration of the performance models in the mechanistic-empirical pavement design guide 
(MEPDG) is a challenging task due to the lack of needed data. The data requirements for the selected set of 
pavement sections from the PMS for local calibration include (a) a wide range of inputs related to traffic, climate, 
design and material characterization, (b) a reasonable extent and occurrence of observed performance data over 
time. This poster highlights the process for the local calibration of the rutting model in the MEPDG for Michigan 
conditions. The MEPDG rutting model predicts rutting in all pavement layers (asphalt, aggregate base and subgrade). 
The total rutting is a summation of individual rutting in all three layers. Ideally, field measurements of the individual 
layer rutting are required using destructive testing methods (trenching). Trenching all pavement sections in the 
calibration dataset is expensive and time consuming for a State Highway Agency. As an alternative to destructive 
testing, individual layer rutting was estimated using an approach developed in a previous study. The estimates of the 
individual layer rutting are important to accurately calibrate the rutting model. The rutting model was calibrated using 
estimated individual layer rutting and measured total rutting. It was found that the individual layer rutting calibration 
gave better results as compared to calibration based on total rut. This poster summarizes the methods used to locally 
calibrate the rutting models when trenching data are not available. 
 
This work was supported in part by Michigan Department of Transportation 
 
 
 
CE-12 Effect Of Diamond Grinding On Rigid Pavement Performance 

Authors: Ronell Joseph Eisma; Syed Waqar Haider; Karim Chatti 
 
Abstract: Diamond grinding is a rigid pavement preservation treatment used to restore pavement smoothness by 
correcting surface irregularities at cracks and joints. The treatment results in the reduction of dynamic loads which are 
the main contributors to load-related pavement damage. Numerous existing profile-based indices such as 
International Roughness Index (IRI) and Dynamic Load Index (DLI) quantify the change in surface roughness. 
Generally, diamond grinding treatment will minimize IRI and DLI by reducing the short wavelengths (2 to 50 ft) along 
a pavement profile associated with high frequencies that amplify dynamic axle loads. 
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This study demonstrates the impact of diamond grinding on IRI and DLI and relates the index changes on predicted 
pavement performance in terms of faulting, cracking and roughness. A mechanistic-empirical pavement analysis was 
used to predict pavement performance. The profile and axle load data were obtained from the Long-Term Pavement 
Performance (LTPP) database for nine pavement sections treated with diamond grinding. The IRI and DLI of each 
pavement section were evaluated before and after diamond grinding. The gross-vehicle weight distributions for each 
section were then used to simulate dynamic truck response based on before and after grinding profiles. The resulting 
dynamic load spectra were used to predict pavement performance using the Mechanistic-Empirical Design Guide 
(MEPDG) models. The relationships were determined between changes in predicted pavement performance and 
profile-based indices. Such relationships can be used to establish performance related specifications for diamond 
grinding.  
 
 
 
CE-13 Impact Of Site Factors On The Effectiveness Of Flexible Pavement Preservation Treatments 

Authors: Ronell Joseph Eisma; Syed Waqar Haider; Karim Chatti 
 
Abstract: Pavement preservation has become a common practice in the management of pavement network across 
the country. However, the effectiveness of the preservation treatments vary depending on numerous factors e.g., 
construction practices, traffic, climate and pre-existing surface and structural conditions. The purpose of this paper is 
to determine the impact of the site factors on the effectiveness of flexible pavement preservation treatments in terms 
of service life extension (SLE). The data from the Long-Term Pavement Performance (LTPP) SPS-3 experiment were 
utilized to compare the pavement SLE among different preservation treatments (slurry seal, chip seal, crack seal, and 
thin overlay) based on structural and functional performance measures. The SLE is a measure of treatment 
effectiveness and can be obtained by comparing the performance between treated and untreated control pavement 
section. The flexible pavement performance measures considered were structural and thermal cracking, rutting, and 
surface roughness, bleeding, raveling, and friction. The impact of various site factors (e.g., traffic, climate and pre-
existing surface conditions) was determined by performing statistical analyses including analysis of variance 
(ANOVA) and multiple linear regressions. The comparison of SLEs among different treatments showed the most 
effective preservation treatment under different site factors. The results from statistical analyses elaborated the 
significance of site factors in defining the efficacy of various preservation treatments.  
 
 
 
CE-14 Advanced Rapid Non-Destructive Test Method To Determine Chemical Composition Of Concrete 

Materials In The Field 
Authors: Iman Harsini; Parviz Soroushian 

 
Abstract: Maintenance of concrete infrastructure requires a great effort and cost. The cost of concrete reinforcement 
corrosion alone, in the US is about $125B/yr. ASR and other deterioration mechanisms are also a serious problem for 
the health of concrete infrastructure. Early detection of damage can prevent further deterioration of the structure and 
allows the state and federal agencies to save on maintenance money.  
The ultimate goal of this research is to develop a non-destructive platform that facilitates the diagnosis of deteriorated 
concrete by means of advanced chemical/physical analysis methods. This system consists of a portable apparatus 
that can be placed on any arbitrary surface and collects data from various depths of concrete. This device employes 
Nuclear Magnetic Resonance (NMR) to exploit information from the microstructure of concrete. This system is 
calibrated for different deterioration mechanisms at different progress levels of the damage. A software will be 
developed to analyze the output data to streamline the interpretations in the field. 
 
This work was supported in part by Federal Highway Administration 
 
 
 
CE-15 Analysis Of Damage Progression Due To Distortion-Induced Fatigue Cracking Utilizing Self-Powered 

Wireless Sensors 
Authors: Hassene Hasni; Amir H. Alavi; Nizar Lajnef; Karim Chatti 

 
Abstract: This paper is focused on a detailed analysis for the detection of damage progression for individual and a 
group of self-powered wireless sensors. This main goal is to find a reasonable relationship between the probability 
density function (PDF) parameters, i.e. μ and σ obtained from strain distribution, and damage progression. Different 
case studies are considered for the analysis including girder with fatigue cracking, girder with different crack lengths, 
and gusset plate with different crack lengths. Based on the results, for the sensors located far from the damage 
location, there is no notable sense of damage as the PDFs are fairly identical. The strain patterns remarkably change 
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for the sensors close to the damage location and therefore the shape of the PDFs transforms. It is seen that μ and σ 
of the strain distribution, respectively, decreases and increases due to damage progression. The results for the group 
of sensors indicate that the standard deviation of μ and σ of group of sensors increases with damage progression. 
The results pertaining to the standard deviation of μ of group of sensors are slightly better indicators of damage 
progression compared to those for σ. It is possible to localize the damage with a group of sensors by checking of: (1) 
sensors that provide chaotic response when included in the analysis and (2) locations in which the incremental rates 
of the standard deviation of μ and σ of group of sensors notably decreases. Keywords: Self-Powered Wireless 
Sensor; Finite Element Method; Fatigue; Strain Distribution; Probability Density Function; Group of Sensors; Damage 
detection. 
 
 
 
CE-16 Controlling The Postbuckling Response Of Cylindrical Shells Under Axial Compression For 

Applications In Smart Structures 
Authors: Nan Hu; Rigoberto Burgueño 

 
Abstract: Elastic instability, long considered mainly as a limit state or a safety guard against ultimate failure, is 
increasingly gaining a favorable regard. The paradigm shift deals with using the unstable response of slender 
structures for purposes that are rapidly increasing and diversifying, including applications for energy harvesting, 
frequency tuning, sensing and actuation. The structural prototype selected for this research is an axially compressed 
thin-walled cylindrical shell. Cylindrical shells can attain a higher number of snap-buckling events in their postbuckling 
regime due to the natural transverse restraint provided by their geometry, but harnessing such behavior for smart 
purposes is lack of extensive studies due to their notorious high imperfection sensitivity. This study explores three 
avenues to obtain multiple mode transitions in the elastic postbuckling response of axially compressed shells: (1) 
introducing seeded geometric imperfections (SGI); (2) introducing non-uniform stiffness distributions (NSD); and (3) 
providing internal lateral constraints (IC). Prototyped cylindrical shells were fabricated through 3D printing and tested 
under loading-unloading cycles. Numerical and experimental results have confirmed that the static and kinematic 
response of unstable mode branch switching during postbuckling response can be modified and potentially tailored. 
 
 
 
CE-17 Backcalculation Of Swollen Crumb Rubber Modulus In Asphalt Rubber Binder And Its Relation To 

Performance 
Authors: Anas Jamrah; M. Emin Kutay; Sudhir Varma 

 
Abstract: A method for estimating the engineering properties of swollen rubber particles within crumb rubber 
modified asphalt binders is provided. It was observed that the backcalculated modulus of swollen rubber within the 
crumb rubber modified asphalt binder is related to the performance. Therefore, improper mixing temperatures as well 
as interaction times can lead to insufficient swelling of rubber and performance worse than anticipated of the crumb 
rubber modified asphalt mixtures. The backcalculated modulus of the rubber within can be used as a quality control 
measure during construction. An experimental approach was undertaken to investigate the mechanisms of interaction 
between the asphalt binders and crumb rubber and their effect on the modulus of the rubber within the crumb rubber 
modified asphalt binder. The experimental program included Dynamic Shear Modulus (|G*|) as well as Linear 
Amplitude Sweep (LAS) tests. These tests were performed on neat binder, crumb rubber modified binders mixed at 
three different temperatures, neat binder mixed at these three different temperatures (without the rubber) and the 
residual binder obtained by draining the crumb rubber modified binders (i.e., filtering out the rubber particles). In 
addition to the experimental approach, a 3D Finite Element based micromechanical model of the |G*| test was 
developed using the ABAQUS software. The FE model provides insight on the relationship between the microscale 
and macroscale material behavior, i.e., the stiffening and softening effects of rubber in crumb rubber modified asphalt 
binders. 
 
This work was supported in part by Michigan Department of Environmental Quality 
 
 
 
CE-18 Binder Softening Effect Of Crumb Rubber Modifier For High Percent Reclaimed Asphalt Pavement 

(RAP) Mixtures 
Authors: Salih Kocak: M. Emin Kutay 

 
Abstract: The importance of using recycled materials in any industry has been increasing recently all over the world. 
Recycling old asphalt pavements and incorporating them in the new mixtures is one the major practices in asphalt 
industry. The use of recycled/reclaimed asphalt pavement (RAP) provides not only economic but also environmental 
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benefits. Increasing the percentage of RAP in a new hot mix asphalt (HMA) may hinder the economic benefits due to 
the necessity of expensive softer binders used to compensate RAP stiffening effect. Alternatively, this problem can be 
successfully overcome by use of another recycled material; crumb rubber (CR). This paper compares the thermal and 
fatigue cracking performances of the mixtures prepared with rubberized, softer and base binders. The binders 
compared were devulcanized rubber modified, crumb rubber terminally blend modified, crumb rubber by wet process 
modified, soft binder (PG 58-34) and base binder (PG 58-28). The results of the performance tests indicated that CR 
modification could provide the desired softening behavior to high percentage RAP mixtures. The mixture utilized CR 
modification by wet process was observed to outperform other mixtures in both low temperature and fatigue cracking 
resistance. 
 
This work was supported in part by Michigan Department of Environmental Quality 
 
 
 
CE-19 Geopolymer Concrete: A Sustainable Alternative To Portland Cement Concrete 

Authors: Faris Matalkah; Parviz Soroushian 
 
Abstract: Portland cement manufacturing is responsible for about 7% of carbon dioxide emissions and 4% of energy 
use worldwide. The Portland cement chemistry also lacks the versatility to enable value-added use of broad 
categories of industrial wastes (e.g., biomass combustion ash) that are becoming available with adoption of more 
sustainable industrial practices. This project employs an alternative inorganic binder chemistry for production of 
concrete. This binder chemistry, based on alkali aluminosilicate hydrates, offers the potential to significantly lower the 
carbon footprint and energy content of concrete. It is also highly robust, and can made value-added use of diverse 
industrial wastes which are not compatible with the chemistry of ordinary Portland cement. The project emphasizes 
value-added use of biomass combustion ash in concrete materials embodying the new binder chemistry. More 
specifically, the high silica and alkali contents of non-wood biomass ash are used as chemical constituents 
contributing to the development of aluminosilicate-based binders in concrete production. Refined concrete 
chemistries are developed where the alkali and silica contents of non-wood biomass ash are supplemented by the 
addition of alumina-rich constituents to produce a balanced chemistry for production of ‘non-wood biomass ash-
based concrete’. The new inorganic binder offers significant advantages over the ordinary Portland cement binder in 
terms of moisture barrier qualities, weathering, chemical and fire resistance, stabilization of hazardous wastes, 
carbon footprint, energy content, and initial and life-cycle economy. 
 
This work was supported in part by U.S. Department of Agriculture 
 
 
 
CE-20 Effective Pavement Condition Rating Systems 

Authors: Gopikrishna Musunuru; Gilbert Baladi; Tyler Dawson; Jane Jiang; Michael Prohaska 
 
Abstract: Existing pavement condition rating systems are mainly based on the current pavement conditions and/or 
distresses. These systems do not account for the pavement’s deterioration rates. For instance, two pavement 
sections rated fair this year, may or may not have similar rating next year. A balanced and comprehensive pavement 
condition rating system should be based on the pavement’s conditions and distresses and its deterioration rates. On 
a research study, sponsored by the Federal Highway Administration (FHWA), dual pavement condition rating 
systems were developed based on the pavement's functional and structural aspects and rates of deterioration. These 
rating systems account for current and future pavement conditions and distresses. Therefore, they provide more 
accurate information to the decision makers regarding the management of the pavement network while being simple 
enough for communication with legislators and the general public. The functional rating is based on ride quality 
(International Roughness Index, IRI) and safety (skid resistance and rutting), and is expressed by the Remaining 
Functional Period (RFP). The structural rating is based on cracking, faulting, and rutting and is expressed by the 
Remaining Structural Period (RSP). The RFP is defined by the shortest time in years between now and the year 
when one of the conditions reaches its threshold value. Similarly, the RSP is the shortest period in years between 
now and when a threshold is reached. The main advantage of the RFP and RSP is that both are proportional to the 
elapsed time. Their values decrease by one year for each calendar year.  
 
This work was supported in part by Federal Highway Administration 
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CE-21 Water Quality Improvement Through Proper Design And Construction Of Wastewater Collection 
Systems And Sanitation Facilities In Dar Es Salaam,Tanzania 
Authors: Tula Ngasala; Susan Masten 

 
Abstract: In many developing countries, water scarcity and wastewater management are amongst the greatest 
challenges, especially in urban low income areas where houses are in close proximity to each other and none of the 
sanitation facilities are built to minimize contamination. There are no standard designs available for the construction 
and operation of toilets and bathing facilities. The study area selected for this research is the small part of urban area 
in Dar es Salaam, Tanzania. The objective of this study is to improve water quality through proper design and 
construction of wastewater collection and sanitation facilities. The annual mortality rate is 175 deaths per 1000 
children, predominately due to waterborne diseases that affect children. This community has a very low income and 
members spend nearly 70% of their income to purchase water for domestic use and for wastewater management. 
Water is most often purchased from street vendors who sell water of unknown origin and purity. A limited study 
conducted summer of 2014 revealed that drinking water samples collected from domestic wells, city water, and from 
vendors had 40-160 mg/L nitrate-N (WHO standard for drinking water: 11 mg/L-N) which indicates contamination by 
sewage. Wastewater samples collected from water bodies around the area showed that they are highly contaminated 
by fecal sludge and wastewater from both household and industries. About 30 households from the study area were 
surveyed and results showed that there was a great financial burden because of purchase water for domestic use 
and emptying sewerage from their collection systems. 
 
 
 
CE-22 Development Of An Acceptance Test For Chip Seal Projects 

Authors: Ugurcan Ozdemir; M. Emin Kutay 
 
Abstract: Chip Seal is one of the major asphalt pavement preservation techniques. The function of an asphalt chip 
seal is to form a new layer above the existing pavement and prevent water infiltration. It also improves the surface 
texture, which enables the pavement to have better skid resistance. The aggregate embedment into the binder is one 
of the most significant parameters during the design process of the chip seal. The embedment depth should be 50% 
after initial rolling, and 70% embedment after 2 or more weeks of traffic. Asphalt chip seals having the embedment 
depth less than 50% are more susceptible to aggregate loss due to insufficient bonding between binder and 
aggregate; whereas, asphalt chip seals having the aggregate embedment higher than 70% may cause bleeding 
problems on the surface of the pavement (Gransberg, Karaca, & Senadheera, 2004). The goal of this project is to 
develop a standard test procedure to directly calculate aggregate embedment depth into the asphalt binder in a chip 
seal project via digital image analysis. The overall approach involves coring asphalt chip seal samples from field, 
capturing images of vertical slices and using automated image analysis techniques to compute the percent 
embedment . Premature distresses such as bleeding and aggregate loss can be prevented if such a standardized 
test procedure is developed and implemented.  
 
This work was supported in part by Michigan Department of Transportation 
 
 
CE-23 Analysis Of The Effects Of Sub-Layers And Roadbed Materials On Pavement Conditions And 

Distresses 
Authors: Michael Prohaska; Gilbert Baladi 

 
Abstract: The accurate modeling of pavement performance is dependent on a thorough understanding of the 
mechanisms of pavement conditions and distresses and the impacts of each aspect of pavement design and 
pavement treatments on their magnitudes and rates of change. This project utilizes the Long-term Pavement 
Performance (LTPP) database to verify section design and identify pavement sections having sufficient time series 
pavement conditions and distresses data to model their rates of change. Comparative analysis on the effects of base, 
subbase, and subgrade soil types on these rates of change will be conducted. First, the LTPP data will be sectioned 
by state, climatic conditions, and traffic level and then the sensitivity of the pavement conditions and distresses and 
their rates of change to each sub-layer type. The key in this study is to determine the most adequate analysis 
methods by which potential correlations between the dependent (pavement conditions and distresses) and 
independent variables (material, pavement section, and treatment types) can be identified. Results of preliminary 
analyses of these potential correlations will be presented. The presentation will concentrate heavily on treated 
pavement sections. 
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CE-24 A Process-Based Distributed Model Applied To Study The Hydrology Of The Kalamazoo River 
Watershed 
Authors: Han Qiu; Mantha S. Phanikumar 

 
Abstract: The Kalamazoo River watershed drains 2,020 square miles in southwestern lower Michigan and is one of 
the most important agricultural watersheds in Michigan. Recently there has been heightened interest among 
residents and governments in this region in water resources management and sustainable growth. The aim of my 
research is to apply a process based distributed model- PAWS_CLM to study the hydrology of Kalamazoo River 
watershed. The PAWS_CLM model has a holistic structure of hydrological processes and possess structured data 
assimilation and integration algorithms and good computational efficiency. The model performance was evaluated by 
multiple datasets, for example river discharge, evapotranspiration, soil moisture and groundwater head to execute the 
multiple hydrologic controls. The model results showed good overall performance in simulating the river discharge in 
a 7 year simulation period and the generated evapotranspiration outputs compared well with MODIS (Moderate 
Resolution Imaging Spectroradiometer) products. The long term steady groundwater head matched well with the 
Well-logic database and the soil moisture and soil temperature time series got decent comparisons with the MAWN 
(Michigan Automated Weather Network) station data.  
 
This work was supported in part by US Department of Agriculture 
 
 
 
CE-25 Semi Empirical Frost Heave Model 

Authors: Pegah Rajaei; Gilbert Y. Baladi 
 
Abstract: Frost heave refers to the uplifting of the ground surface caused by the formation of ice lenses within the 
soil layers in winter season. For frost heave to occur three conditions are required: Frost susceptible soil, water 
source and below freezing temperature. The ice lens growth can cause uplift in pavement structure, shoulders, 
unprotected foundations of bridges and utility lines leading to extensive damage. The frost heave rate and magnitude 
can be predicted using capillary and frozen fringe theories. Unfortunately, both theories are controversial. The 
limitations of capillary theory lead to inaccurate prediction of frost heave. Whereas, the frozen fringe theory requires 
complex models with various input variables that might be unavailable and/or expensive to collect. In a research 
study sponsored by the Michigan Department of Transportation (MDOT), one of the secondary frost heave models 
were modified and evaluated based on field data. A statistical frost depth model which is developed during the study 
based on the frost depth data in the States of Michigan was used in the modified model. Using the statistical frost 
depth model simplifies the analytical solution and yields more accurate results. Lastly, the modified model accuracy 
was verified using the pavement and shoulder frost heave data in the State of Michigan. 
 
This work was supported in part by Michigan Department of Transportation 
 
 
 
CE-26 A General Model For Prediction Of Frost Depth 

Authors: Pegah Rajaei; Gilbert Y. Baladi 
 
Abstract: In cold regions where air temperature drops below 32�F for extended periods of time, Frost depth is an 
important factor that affects the design of all infrastructures including pavements, building and bridge foundations and 
utility lines. Frost depth depends on the type of the materials, their thermal properties, water content, and climate 
condition, such as air temperature, wind speed, precipitation and solar radiation. Different numerical or analytical 
models can be used for prediction of frost depth, but the input data for such models are sometimes unavailable or/ 
and expensive to collect. In a research project sponsored by the Michigan Department of Transportation (MDOT), soil 
temperature data from Road Weather Information System (RWIS) in the Michigan State were used to evaluate the 
accuracy of existing frost depth prediction models such as Stefan model (Stefan, 1889), Modified Berggren model 
(Aldrich et al 1953), Chisholm and Phang empirical model (Chisholm and Phang, 1980) and U.S Corps of Engineers 
empirical model (1984). Since none of the models results were satisfactory, revised empirical models were 
developed. The only required input for these models is air temperature. The results showed better agreement with 
field data in comparison to the previous models. Furthermore, the accuracy of the models was verified by using the 
frost depth data in the State of Minnesota. Finally, by combining the models using the measured thermal conductivity 
values for different soil types and air temperatures as inputs, a general model was developed.  
 
This work was supported in part by Michigan Department of Transportation 
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CE-27 Pavement Surface Characterization For Optimization Of Trade-Off Between Grip And Rolling 
Resistance 
Authors: Shabnam Rajaei; Roozbeh Dargazany; Karim Chatti 

 
Abstract: Understanding the interaction between pavement and tire surfaces is of great importance since it can 
improve the perception of friction, rolling resistance, wear, interior and exterior noise, splash and spray and thermal 
conductance between these surfaces. Friction plays an important role in vehicle safety while rolling resistance can 
affect fuel consumption of the vehicle. Several factors influence these two phenomena, which in this study the effect 
of tire properties and pavement surface characteristics are taken into account. An optimal method is demonstrated to 
characterize the surface properties that yield the least rolling resistance without sacrificing grip in the process. 
Experimental studies will be done for obtaining comprehensive measurements of different sets of surface texture 
(from micro-texture to unevenness), their rolling resistance and friction.  
 
 
 
CE-28 Circulation And Transport In The Gull Lake: Field Observations And Modeling 

Authors: Ammar Safaie; Mantha Phanikumar 
 
Abstract: Gull Lake is a large (8 km2 surface area) and deep (34 m maximum depth) clear water lake in 
southwestern Michigan in Kalamazoo County. While considerable limnological research of historical significance was 
conducted on the lake, no numerical model has yet been developed to simulate physical and biological dynamics in 
the lake. Our aim is to create a coupled biophysical model of Gull Lake to understand hydrodynamic and ecological 
processes such as nutrients and algal blooms. A new three dimensional, unstructured grid hydrodynamic model of 
Gull Lake was created. This hydrodynamic model was tested using ADCP (Acoustic Doppler Current Profiler) current 
measurements. In the summer of 2014, we deployed two ADCPs for the first time in the lake, and we were able to 
successfully obtain high-resolution current and temperature data using the ADCPs. Comparisons between model 
results and observations show that the model does a reasonable job, but an accurate bathymetry is needed in order 
to improve the performance of the numerical model. Additional field data will be collected in the summer of 2015 to 
further refine the coupled models. 
 
This work was supported in part by National Science Foundation 
 
 
 
CE-29 Structural Assessment And Damage Identification Algorithms Using Binary Data 

Authors: Hadi Salehi; Rigoberto Burgueño 
 
Abstract: One of the challenges in structural health monitoring (SHM) is the power required for sensors to collect and 
communicate data. Self-powered sensors are able to harvest power by from their environment, i.e., strain and 
vibration of the host structure. However, the harvested power still limited and improving the system’s efficiency 
requires reducing the power budget. A way to minimize the communication power demand is to transmit the minimum 
amount of information, namely one bit. The binary event generated at each sensor node depends on a local rule 
based on physical measurements, but interpretation of at the global level requires dealing with discrete binary (1 or 0) 
data with reduced resolution. This study investigates approaches for the interpretation of binary data for structural 
assessment and damage identification. Different pattern recognition (PR) methods based on image data analysis 
were adapted for the study. The methods were evaluated through the finite element simulation of an aluminum plate 
subjected to cyclic loading. Simple pilot-type local rules for binary event generation were defined in terms of 
displacements and strains at the sensor nodes. The ability for each of the PR methods to identify service demands, 
load variations and localized material degradation was evaluated. Results indicate that PR methods can be used as 
damage identification algorithms for binary data sets. Future directions for the work include the definition of enhanced 
local rules for event generation and linking the binary data patterns to mechanics-based rules in order to extract 
parameters related to structural and material properties. 
 
This work was supported in part by National Science Foundation 
 
 
 
CE-30 Modeling Shear Failure In Precast Prestressed Concrete Hollowcore Slabs Under Fire Conditions 

Authors: Shakya Anuj; Kodur Venkatesh 
 
Abstract: Prestressed concrete hollowcore slabs when exposed to fire, as encountered in buildings, are susceptible 
to failure under shear limit state. However, current approaches do not consider shear limiting state in evaluating 
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failure of hollowcore slabs under fire conditions. This paper presents an approach for modeling the response of PC 
hollowcore slabs by taking into consideration shear limit state. A three dimensional finite element model is developed 
for evaluating failure of fire exposed prestressed concrete (PC) hollowcore slabs under various limiting states, 
including through shear. This nonlinear finite element model, developed in ANSYS, utilizes a transient thermo-
structural analysis to trace the response of typical hollowcore slabs under fire conditions. The model accounts for 
temperature induced degradation of properties of concrete and prestressing strands, cracking in concrete, material 
and geometrical nonlinearities, realistic fire, load and restraint conditions, as well as different failure limit states. In 
order to predict failure due to concrete damage in hollowcore slabs, the model utilizes concrete plasticity model 
proposed by Willam and Warnke. The validity of the model is established by comparing temperature, deflection, fire 
resistance and failure mode from the numerical model with data obtained from fire tests. Results obtained from 
parametric study show that slab depth, axial restraint, loading pattern and fire scenario have significant effect on the 
shear behavior of PC hollowcore slabs exposed to fire. 
 
This work was supported in part by 2012-13 Daniel P. Jenny Research Fellowship (PCI) 
 
 
 
CE-31 Performance Evaluation Of Pre-Swollen Crumb Rubber Modified HMA Mixtures 

Authors: Sepehr Soleimani; M. Emin Kutay 
 
Abstract: Adding crumb rubber to Hot Mix Asphalt (HMA) mixtures whether as a part of its aggregate stones (dry 
process) or binder modifier (wet process) improves its performance. Pre-swollen rubber improves the behavior of the 
mixture, without absorbing the light components in the asphalt binder during mixing. In this research, the influences of 
using pre-swollen rubber on the mixture performance are investigated. The concern of using this material is to identify 
potential benefits of enhancing the performance of the mixture in rutting (high temperature behavior) and cracking 
(low temperature behavior). To evaluate the changes, a laboratory investigation has been conducted on two types of 
asphalt mixtures containing 0% pre-swollen CR (control), and 20% pre-swollen CR and their complex dynamic moduli 
(|E*|) have been determined. The measured |E*| master curves were used in a moving load algorithm to determine 
the strain levels at the bottom of the HMA layers. Results showed that the strain at the bottom of the modified HMA 
layer was larger than the strain for the control mixture. The measured |E*| values will be used for a full analysis and 
performance prediction (rutting, fatigue cracking, thermal cracking and IRI) using the M-E PDG software. 
 
 
 
CE-32 Influence Of Ageing On Hot Mix Asphalt Concrete Properties In Pavements 

Authors: Sudhir Varma; M. Emin Kutay 
 
Abstract: Chemical and physical changes in properties of hot mix asphalt (HMA), caused by construction and in-
service use may significantly affect pavement performance. The objective of this research focused on determining the 
effect of ageing on characteristic properties of HMA. Traditionally, ageing in asphalt mixtures is investigated using two 
approaches: (1) interpolating the ageing potential of asphalt mixtures based on ageing potential of asphalt binders (2) 
interpolating the ageing potential of asphalt mixtures based on laboratory ageing of asphalt mixtures under different 
ageing conditions. However, both the methods fail to account for in-situ field conditions such as compaction, air voids 
and influence of aggregates. 
In this study, a new methodology is suggested that allows investigating ageing in in-service pavement using data 
obtained from commonly used Falling Weight Deflectometer Test (FWD). FWD test data over 10+ years from eight 
different test sections were used in the study. A genetic algorithm based viscoelastic backcalculation model was used 
to backcalculate both viscoelastic pavement layer properties (dynamic modulus) as well as the time-temperature shift 
factors from the FWD test data. The investigation focused on quantifying the effect of aging in dynamic modulus and 
time-temperature properties of HMA. Preliminary investigation indicated that the proposed method was able to show 
the as expected age stiffening effect in the viscoelastic properties of HMA in most of the test sections. 
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COMPUTER SCIENCE 
 
CSE-01 Automatic In Vivo Cell Detection In MRI 

Authors: Muhammad Afridi; Xiaoming Liu; Erik Shapiro; Arun Ross 
 
Abstract: According to the Department of Health, about 18 people die in U.S. everyday while waiting for an organ 
transplant and this situation is getting worst every year. Therefore, scientists in regenerative medicine have proposed 
cell transplant based therapies as a promising alternate to organ transplant. However, its success in humans has not 
been proven fully and requires a comprehensive in vivo analysis of the transplanted cells in MRI. Unfortunately, to 
date, such analysis is conducted manually and is extremely tedious, especially in the clinical arena. On the other 
hand, previous research has attempted to automate cell analysis for microscopic images which does not address the 
challenges of real in vivo cell detection in MRI. Therefore, this paper proposes a novel computer vision-based 
learning approach that creates superpixel-based 3D models for candidate cell spots in MRI, extracts a novel set of 
superfern features, and utilizes a partition-based Bayesian classifier ensemble to distinguish cell spots from non-
spots. Unlike traditional ferns that utilize pixel-based differences, superferns exploit superpixel averages in computing 
difference-based features despite the absence of any order in superpixel arrangement. To evaluate the proposed 
approach, we develop the first labeled database with a total of more than 16 thousand labels on five in vivo and four 
in vitro MRI scans. Experimental results show the superiority of our approach in comparison to the two most relevant 
baselines. To the best of our knowledge, this is the first study to utilize a learning-based methodology for in vivo cell 
detection in MRI. 
 
 
 
CSE-02 On The Measurement Of Route Based Traffic Shaping At Scale 

Authors: Faraz Ahmed; M. Zubair Shafiq; Amir Khakpour; Alex X. Liu 
 
Abstract: Internet traffic consists of a wide variety of applications delivered across heterogeneous IP networks. 
Internet service providers (ISPs) manipulate network traffic for quality of service (QoS) management and bandwidth 
regulation. This practice of traffic manipulation is called traffic shaping. Content providers and content delivery 
networks (CDNs) are interested in knowing whether their traffic is adversely affected due to traffic shaping. We 
design and implement RTmon, a tool that improves network transparency by enabling content providers and CDNs to 
detect whether their traffic is subject to route based traffic shaping, which happens when traffic between the same 
origin-destination pair is treated differently across different paths. RTmon is implemented as a client-side JavaScript, 
which simultaneously downloads a pixel tag from a multi-homed server, at a nearby IXP, via different transit 
providers. A significant difference in object download time indicates potential traffic shaping on one of the paths. 
RTmon was deployed by a large commercial CDN across thousands of websites over the duration of one year. 
RTmon measurement experience reveals that route based traffic shaping is larger in wireless networks as compared 
to wired networks. Route based traffic shaping is more prevalent in rural areas as compared to urban areas. Traffic 
shaping is more likely to occur at access ISPs or their interconnections. Moreover, traffic shaping in regions with 3 or 
more competing ISPs is 20% less than regions with only one ISP or two competing ISPs. 
 
 
 
CSE-03 Blueear: A Low-Cost Eavesdropping System For Sniffing Bluetooth Traffic 

Authors: Wahhab Albazrqaoe; Guoliang Xing 
 
Abstract: As the de facto wireless technology of personal area networking, Bluetooth is becoming increasingly 
popular due to the proliferation of wearable devices. At the physical layer, Bluetooth employs adaptive, 
pesudorandom frequency hopping over 79 channels. The hopping sequence is a secret shared by communication 
parities, and is frequently modified based on interference conditions. Such design provides Bluetooth with a basic 
mechanism to improve data confidentiality. Although specialized wide-band packet sniffers exist for eavesdropping 
Bluetooth traffic, they are power hungry and extremely expensive. 
In this work, we describe the design and implementation of BlueEar, a low-cost eavesdropping system for sniffing 
Bluetooth traffic. BlueEar employs three techniques in achieving this goal. First, by analyzing packet statistics 
passively collected on a single channel, BlueEar reverses the basic hopping sequence of a given target. Second, 
based on spectrum sensing, BlueEar predicts the adaptive hopping behavior of the target in the presence of 
interference. Third, BlueEar employs smart channel jamming to control the frequency hopping of the target, which 
significantly improves the accuracy of packet capturing. BlueEar is implemented and extensively evaluated based on 
Ubertooth, an inexpensive wireless development platform. We also discuss the design of a standard-compliant 
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countermeasure against BlueEar-based eavesdropping. As an efficient tool for packet sniffing, BlueEar can also be 
used for analyzing, troubleshooting, and debugging Bluetooth-based protocols and applications. 
 
 
 
CSE-04 WiKey: We Can See What You Type Using WiFi 

Authors: Kamran Ali; Alex Liu; Wei Wang; Muhammad Shahzad 
 
Abstract: Keystroke privacy is critical for ensuring the security of computer systems and the privacy of human users 
as what being typed could be passwords or privacy sensitive information. In our work, we show for the first time that 
WiFi signals can also be exploited to recognize keystrokes. The intuition is that while typing a certain key, the hands 
and fingers of a user move in a unique formation and direction and thus generate a unique variation pattern in the 
time-series of Channel State Information (CSI) values, which we call CSI-waveform for that key. We propose a WiFi 
signal based keystroke recognition system called WiKey. WiKey consists of two Commercial Off-The-Shelf (COTS) 
WiFi devices, a sender (such as a router) and a receiver (such as a laptop). When a human subject types on a 
keyboard, WiKey recognizes the typed keys based on how the CSI values change at the receiver end. We 
implemented the WiKey system using a TP-Link TL-WR1043ND WiFi router and a Intel 5300 WiFi NIC installed in a 
Lenovo X200 laptop. WiKey achieves more than 97.5% detection rate for detecting the keystrokes and 96.4% 
recognition accuracy for classifying single keys. In real-world experiments, WiKey can recognize keystrokes in a 
continuously typed sentence with an accuracy of 93.5%. 
 
 
 
CSE-05 Demystifying And Exploiting Bit Fate In 802.11 Network 

Authors: Alireza Ameli; Jun Huang; Abdol-Hossein Esfahanian; Guoliang Xing 
 
Abstract: Today wireless communication suffers from high transmission error and unreliable high data rates. It was 
believed that channel condition was mostly responsible for these errors. However, recent research has confirmed that 
there are patterns in the bit error frequency which are not caused by channel condition. These patterns can be 
exploited to bring about improvement in WLAN throughput. In particular, they can be used in Forward Error 
Correction, channel coding as well as in applications like video streaming. In this paper, we first validate the existence 
of such a patterns in different environments and across different devices. We also demonstrate the error patterns 
depend just on the transmission rate. After hypothesize their cause, we give a statistical model governing such 
patterns. Finally, we apply our findings to a video streaming scenario and demonstrate a noticeable improvement in 
the throughput. 
 
 
 
CSE-06 Crowd Powered Latent Fingerprint Identification: Fusing AFIS With Examiner Markups 

Authors: Sunpreet Arora; Kai Cao; Anil Jain; Gregoire Michaud 
 
Abstract: Automatic matching of poor quality latent fingerprints to rolled/slap fingerprints using an Automated 
Fingerprint Identification System (AFIS) is still far from satisfactory. Therefore, it is a common practice to have a 
latent examiner mark features on a latent for improving the hit rate of the AFIS. We propose a synergistic crowd 
powered latent identification framework where multiple latent examiners and the AFIS work in conjunction with each 
other to boost the identification accuracy of the AFIS. Given a latent, the candidate list output by the AFIS is used to 
determine the likelihood that a hit at rank-1 was found. A latent for which this likelihood is low is crowdsourced to a 
pool of latent examiners for feature markup. The manual markups are then input to the AFIS to increase the likelihood 
of making a hit in the reference database. Experimental results show that the fusion of an AFIS with examiner 
markups improves the rank-1 identification accuracy of the AFIS by 7.75% (using six markups) on the 500 ppi NIST 
SD27 database, 11.37% (using two markups) on the 1000 ppi ELFT-EFS public challenge database, and by 2.5% 
(using a single markup) on the 1000 ppi RS&A database against 250,000 rolled prints in the reference database. 
 
 
 
CSE-07 A Longitudinal Study Of Automatic Face Recognition 

Authors: Lacey Best-Rowden; Anil K. Jain 
 
Abstract: With the deployment of automatic face recognition systems for many large-scale applications, it is crucial 
that we gain a thorough understanding of how facial aging affects the recognition performance, particularly across a 
large population. Because aging of the human face is a complex process involving genetic and environmental factors, 
some faces “age well” while the appearance of others changes drastically over time. This heterogeneity (inter-subject 
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variability) suggests the need for a subject-specific analysis of the effect of facial aging on the performance of face 
recognition systems. We conduct such an analysis using a longitudinal (aging) database of 147,784 operational mug 
shots of 18,007 repeat criminal offenders, where each subject has at least five face images acquired over a minimum 
of five years. By fitting multilevel statistical models to genuine similarity scores from two commercial-off-the-shelf 
(COTS) matchers, we quantify (i) the population average rate of change in genuine scores with respect to elapsed 
time between two face image acquisitions, and (ii) how closely the subject-specific rates of change follow the 
population average. Longitudinal analysis of the scores from the more accurate COTS matcher shows that despite a 
decreasing average rate of change in genuine scores over time, the average subject can still be correctly verified at a 
false accept rate (FAR) of 0.01% up to 16 years elapsed time (the maximum in our database). We also investigate (i) 
the effects of several other covariates (gender, race, face quality), and (ii) the probability of true acceptance over 
time. 
 
This work was supported in part by Center for Identification Technology Research (CITeR) 
 
 
 
CSE-08 Homelog: A Smartphone System For Unobtrusive Family Routine Monitoring 

Authors: Chongguang Bi; Tian Hao; Guoliang Xing; Jina Huh; Wei Peng; Mengyan Ma 
 
Abstract: Research has shown that family routine plays a critical role in establishing good relationships among family 
members and maintaining their physical and mental health. In particular, regularly eating dinner as a family and 
limiting screen viewing time significantly reduce prevalence of obesity. Fine-grained activity logging and analysis can 
enable a family to track their daily routine and modify their life styles for improved wellness. This paper presents 
HomeLog -- a practical system to log family routine using off-the-shelf smartphones. HomeLog automatically detects 
and logs details of several important family routine activities, including family dining, TV viewing and conversation, in 
an unobtrusive manner. By providing a detailed family routine history, HomeLog enpowers family members to actively 
engage in preventing child obesity and make positive changes to improve family wellness. Based on the acoustic 
data collected from real families, we carefully choose the robust yet lightweight acoustic features for various family 
activities. HomeLog keeps track of the ambient noise characteristics and adapt its learning algorithms in response to 
the dynamics of the environment. Our extensive experiments involving 5 families with children (total 4,620 minutes of 
recording) show that HomeLog can detecting family routine activities with average 88.8% precision and 90.2% recall 
rates across different families and home environments. 
 
 
 
CSE-09 Can Sex Be Deduced From An Iris Image? 

Authors: Denton Bobeldyk; Arun Ross 
 
Abstract: The human iris is the colored annular portion of the eye that regulates the amount of light entering the eye. 
In the context of biometrics, the rich textural pattern observed in near infrared iris images has been used for 
recognizing individuals. In this work we explore the possibility of deducing the sex of an individual, i.e., male or 
female, from the iris image. First, we conduct a literature review to determine if sex-related factors can impact the 
morphology and the texture of the iris. Next, we devise automated schemes based on state-of-the-art computer vision 
and pattern recognition techniques to classify an iris image as “male” or “female”. This poster will present our current 
research and the progress made in predicting the genetic sex from an iris image. 
 
 
 
CSE-10 An Efficient Structural Diversity Technique For Genetic Programming 

Authors: Armand Burks; William Punch 
 
Abstract: Genetic diversity plays an important role in avoiding premature convergence, which is a phenomenon that 
stifles the search effectiveness of evolutionary algorithms. Much research effort has focused on maintaining genetic 
diversity. However, techniques that avoid premature convergence often do so by sacrificing efficiency, requiring more 
fitness evaluations to discover high quality solutions. We introduce a simple and efficient genetic diversity technique 
that is capable of avoiding premature convergence while maintaining a high level of search quality in tree-based 
genetic programming. Our method finds solutions to a set of benchmark problems in significantly fewer fitness 
evaluations than the algorithms that we compared against. 
 
This work was supported in part by National Science Foundation under Cooperative Agreement No. DBI-0939454. 
Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and 
do not necessarily reflect the views of the National Science Foun 
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CSE-11 Towards Bilingual Language Acquisition: A Developmental Network Approach 
Authors: Juan L. Castro-Garcia; Isaac E. Dorgbefu; Juyang Weng 

 
Abstract: Based on only a finite set of words and symbols, a natural language consists of unbounded combinations 
of sentences that express concepts, objects, events, structures (e.g., as in mathematics) and emotions. How can one 
form unbounded combinations when he is exposed to only a small set of symbols in his lifetime? Scientists study how 
a child is able to distinguish speech patterns of complex languages like Russian, Chinese or both and how they can 
learn to produce such combinations while being exposed to a small set of words. Current probabilistic methods like 
Hidden Markov Models (HMM) and Partially Observable Markov Decision Processes (POMDP) are based on finite-
state machines. However, finite-state machines are symbolic models that are static, not emergent automatically from 
experiences. We show how a developmental network serves as a general-purpose model capable of learning any 
natural language by sensing patterns of receptors and actions from the real world. It dynamically and incrementally 
updates an emergent finite-state machine. When such a finite-state machine works with the real-world, the entire 
machinery becomes a Turing Machine whose capability is well known. Because it does not require a static model, we 
demonstrate how such a developmental network is able to learn two or more languages interactively in a bilingual 
environment. 
 
 
 
CSE-12 Efficient Kernel Clustering Of Data Sets With Large Number Of Clusters 

Authors: Radha Chitta; Anil K. Jain 
 
Abstract: Recent advances in data generation, collection and storage technologies have resulted in digital data 
explosion. Analysis of this massive amount of data necessitates analysis techniques which can cater to the large 
volume, high dimensionality and heterogeneity of the data. Clustering is one of the principal tools to efficiently 
organize the massive amount of data and to enable convenient access. Several algorithms have been developed in 
the literature to efficiently cluster large high-dimensional data sets. These algorithms can be categorized into two 
groups: linear and kernel-based. Linear clustering algorithms assume that the data is linearly separable in the input 
space and use Euclidean distance to define the inter-point similarity. Kernel-based clustering techniques use 
nonlinear distance measures enabling them to capture the true structure in real world data sets and perform better 
than the linear clustering algorithms. Though many of these algorithms are efficient in terms of the volume and 
dimensionality of the data, they take a long time to cluster data sets when they contain a large number of clusters. 
Such data sets are often encountered in applications such as document clustering, image categorization, and social 
network analysis. We propose an approximate clustering algorithm which uses random sampling and approximate 
nearest neighbor computation to reduce the running time complexity of kernel-based clustering. The proposed 
algorithm has complexity linear in the number of data points and logarithmic in the number of clusters, and can 
cluster data sets containing millions of data points into thousands of clusters in only a few hours. 
 
 
 
CSE-13 Human Recognition: Combining Biometrics With Demographics Using Generalized Additive Models 

Authors: Yaohui Ding; Mark Culp; Arun Ross 
 
Abstract: The automatic estimation of demographic attributes (such as age, gender, ethnicity) from conventional 
biometric traits (fingerprint, face, iris, etc.) has gained considerable attention recently. While demographic attributes 
lack the distinctiveness to provide reliable verification or identification by themselves, they can be combined with 
biometric traits to improve human recognition accuracy. Current approaches to integrating demographics have three 
major drawbacks: i) require different operating thresholds for different demographic attribute values, ii) are tightly 
bound to specific biometric matching algorithms, and/or iii) suffer from low tolerances to incorrect demographic labels. 
We address these drawbacks by formulating the fusion problem as a general optimization function with respect to the 
recognition accuracy. The optimization can be solved based upon the Generalized Additive Model (GAM) with several 
constraints. We show the advantages of using the proposed GAM scheme by conducting experiments on the 
MORPH and WVU multimodal database. These experiments show that the proposed scheme results in an increase 
in the overall recognition accuracy and is more robust to the mislabeling problem. 
 
This work was supported in part by National Science Foundation 
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CSE-14 Embodied Collaborative Referring Expression Generation In Situated Human-Robot Interaction 
Authors: Rui Fang; Malcolm Doering; Joyce Y. Chai 

 
Abstract: To facilitate referential communication between humans and robots and mediate their differences in 
representing the shared environment, we are exploring embodied collaborative models for referring expression 
generation (REG). Instead of a single minimum description to describe a target object, episodes of expressions are 
generated based on human feedback during human-robot interaction. We particularly investigate the role of 
embodiment such as robot gesture behaviors (i.e., pointing to an object) and human's gaze feedback (i.e., looking at 
a particular object) in the collaborative process. This paper examines different strategies of incorporating embodiment 
and collaboration in REG and discusses their possibilities and challenges in enabling human-robot referential 
communication. 
 
This work was supported in part by IIS-1208390 from the National Science Foundation and N00014-11-1-0410 from 
the Office of Naval Research 
 
 
 
CSE-15 Spatial Reward Heterogeneity Promotes Useful Diversity In Evolutionary Computation 

Authors: Emily Dolson; Charles Ofria 
 
Abstract: A central problem in evolutionary computation is ensuring that adequate diversity is maintained within a 
population of candidate solutions. If a population is not sufficiently diverse, evolution will stagnate. Many strategies for 
maintaining diversity suffer from a tendency to preserve solutions that are not useful to solving the problem at hand 
purely because they are unique. In biological evolution, spatial resource heterogeneity is believed to be a driver of 
biodiversity. This concept can be mapped to evolutionary computation by rewarding different sub-problems in 
different spatial locations. Here, we investigate the impact of spatial resource heterogeneity on phenotypic diversity 
and the evolution of a complex logic task. We studied a range of environments composed of patches in which eight 
different simpler logic tasks were rewarded. For each, we explored the relationship between spatial heterogeneity, 
phenotypic diversity, and the probability of the complex task evolving. Spatial entropy and phenotypic diversity were 
strongly correlated, a relationship that was consistent over various spatial configurations. Diversity also improved 
evolutionary potential, but had a much smaller impact than other components of environmental composition. The 
most important of these components proved to be the average number of sub-problems rewarded in cells across the 
environment, likely owing to the importance of building blocks for the evolution of complex features. These results 
suggest that spatial reward heterogeneity can be used to preferentially maintain diversity that is likely to be useful to 
solving a specific computational problem. 
 
This work was supported in part by National Science Foundation Graduate Research Fellowship; BEACON Center 
for Evolution in Action (an NSF Science and Technology Center) 
 
 
 
CSE-16 Association Mapping In The Presence Of Complex Sample Structure 

Authors: Hussein Hejase; Kevin Liu 
 
Abstract: A fundamental goal of association mapping is to identify the underlying genetic causes of diseases, which 
provides an aid in developing prevention techniques and therapeutic strategies. Association mapping examines the 
relationship between genetic features and class labels (e.g. boolean disease status) to pinpoint statistical 
associations that uncover the underlying genetic architecture of a trait of interest. Recently, association mapping have 
been applied on admixed populations (e.g. African-Americans) to study the genetic architecture behind complex 
traits, which introduce a complex sample structure due to the non-tree like evolutionary history resulting from 
admixture. This complex sample structure could confound the association analysis and generate spurious results if 
not accounted for. In this work, we conduct a performance study to show that current state-of-the-art association 
mapping methods fall short, a ~40% decrease in prediction accuracy, in the presence of a complex sample structure 
resulting from gene flow due to genetic admixture. Additionally, we provide a new computational pipeline to account 
for this complexity by utilizing an evolutionary and genetic perspective to association mapping. This pipeline involves 
reconstructing local genealogical histories by identifying the breakpoints separating the different gene trees across 
the genome. Next, we apply the association mapping method between breakpoints to account for the different local 
genealogical histories across the genome. We show a ~10% increase in prediction accuracy and a ~8% decrease in 
false positives using the new pipeline compared to the standard state-of-the-art association mapping method. 
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CSE-17 Towards Online Auction With Dynamic Bidders And Supplies 
Authors: Chowdhury Hyder; Thomas Jeitschko; Li Xiao 

 
Abstract: In spectrum trading, secondary users bid for the spectrum being made available by the primary users. 
Auction theory has been widely used to improve spectrum allocation in such spectrum trading scenarios. However in 
contrast to reality, most of the research work assume either static user population or static spectrum supply or both. 
In this work, we investigate a realistic dynamic auction environment where secondary users with diverse delay bound 
arrive dynamically and spectrum becomes available at random. We propose a price ranking based online auction 
mechanism that discourages bidders to lie about their bid and delay bound. We prove that the proposed auction 
mechanism is truthful and individual rational and demonstrate the effectiveness of the mechanism through extensive 
simulations. 
 
 
 
CSE-18 Attribute Preserved Face De-Identification 

Authors: Amin Jourabloo; Xi Yin; Xiaoming Liu 
 
Abstract: In this paper, we recognize the need of de-identifying a face image while preserving a large set of facial 
attributes, which has not been explicitly studied in prior work. We verify the underling assumption that different visual 
features are used for identification and attribute classification. As a result, the proposed approach jointly models face 
de-identification and attribute preservation in a unified optimization framework. Specifically, a face image is 
represented by the shape and appearance parameters in an AAM model. Motivated by k-Same, we select k images 
that share the most similar attributes with those of a test image. Instead of using the average of k images, adopted by 
k-Same methods, we formulate an objective function and use gradient descent to learn the optimal weights for fusing 
k images. Experimental results on 200 images show that our proposed approach performs substantially better than 
the baseline method with a lower face recognition rate, while preserving more facial attributes. 
 
 
 
CSE-19 A Wireless Sensor Network Within An Aquatic Environment 

Authors: Tam Le; Matt Mutka 
 
Abstract: Wireless sensor networks have been widely used in many environmental monitoring applications. 
However, for aquatic environments, the deployment is quite expensive since the sensors need to be anchored to 
prevent them from floating away and losing communications. We propose an inexpensive and flexible approach to 
provide environmental monitoring in aquatic environments. In our approach, a special mobile sensor robot acts as a 
mobile base station and travels the water area to collect data from sensors as well as locations that cannot be 
covered by sensors. The sensors in the water have a jumping capability that enables an extended communication 
range in comparison to sensors that merely float upon the water. In addition, by leveraging the jumping capability, the 
sensors can collaborate with others to exchange data and communicate with the robot, so that the robot can compute 
an efficient strategy path to travel. The problems we are studying are: 1) given a set of visited points, how to find the 
robot’s optimal path with supports of sensors to cover the remaining points; 2) to design an efficient jumping strategy 
and communication protocol between sensors. 
 
 
 
CSE-20 Model-Reduced Variational Fluid Simulation 

Authors: Beibei Liu; Gemma Mason; Julian Hodgson; Yiying Tong; Mathieu Desbrun 
 
Abstract: We present a model-reduced variational Eulerian integrator for incompressible fluids, which combines the 
efficiency gains of dimension reduction, the qualitative robustness to coarse spatial and temporal resolutions of 
geometric integrators, and the simplicity of sub-grid accurate boundary conditions on regular grids to deal with 
arbitrarily-shaped domains. In the development of this variational method, we show how to use the link between a Lie 
group and its algebra in order to move from functional maps to associated vector fields, with the help of a non-
holonomic constraint. Scalar- and vector-valued eigenfunctions of the Laplacian operator are used as bases for 
model reduction. We present examples (including buoyancy, magnetohydrodynamics, and turbulence model) in 2D, 
3D and curved domains. The resulting method is versatile, energy-preserving, and computationally efficient. 
 
This work was supported in part by NSF IIS-0953096 and CMMI-1250261 
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CSE-21 Efficient Broadcast On Fragmented Spectrum In Cognitive Radio Networks 
Authors: Pei Huang; Chin-Jung Liu; Xi Yang; Li Xiao 

 
Abstract: To improve spectrum utilization, cognitive radio (CR) is introduced to detect and exploit available spectrum 
resources autonomously. The flexible spectrum use imposes special challenges on broadcast because different CR 
devices may detect different available spectrum fragments at different locations. The sender and the receivers have 
to agree on spectrum fragments that will be used for broadcast. There may not exist a common spectrum fragment 
that is available to all receivers. Most existing work assumes that a device works only in a single channel and thus the 
sender has to broadcast multiple times in different channels to reach all receivers. The broadcast problem is studied 
as a channel rendezvous and minimum latency scheduling problem. Recent spectrum-agile designs have enabled a 
device to utilize partially occupied spectrum. We thus view a wideband channel as an aggregation of multiple narrow 
channels that can be evaluated independently. A Spectrum Fragment Agile Broadcast (SFAB) scheme is introduced 
in this paper to support efficient broadcast on fragmented spectrum. It aims at achieving spectrum agreement 
between the transmitter and the receivers efficiently and maximizing the channel width used for broadcast regardless 
of the spectrum availability differences at receivers. We validate the effectiveness of SFAB through implementation 
on the GNU Radio / USRP platform and use ns-2 simulations to evaluate the performance in large deployments. 
 
 
 
CSE-22 Hierarchical Learning For Automated Categorization Of Mobile Apps 

Authors: Xi Liu; Han Song; Mario Baldi; Pang-Ning Tan 
 
Abstract: Recent years have witnessed the proliferation of smartphones, tablets, and other mobile devices along 
with the widespread use of their associated mobile apps, which are either pre-installed on the devices or can be 
downloaded from online app stores such as Apple iTunes and Google Play. As the number of new mobile apps 
developed continues to grow at a rapid pace, automatic classification of the apps has become an increasingly 
important problem to facilitate searching and recommendation. This paper presents a flexible, discriminative learning 
framework to automatically classify new apps based on the textual information provided by the app developers. The 
framework employs a semi-supervised matrix factorization approach to learn the dependencies between the textual 
features and the app categories. Preliminary results suggest that the accuracy of the proposed framework is 
comparable to L1-regularized logistic regression. However, the proposed framework has an advantage in that it can 
be trained to learn a taxonomy structure of the classes, with or without side information provided by existing class 
hierarchies such as the Google AdTree. 
 
 
 
CSE-23 Improving Performance Of Online Services In Data Centers 

Authors: Ali Munir; Ghufran Baig; Syed Irteza; Ihsan Qazi; Alex Liu; Fahad Dogar 
 
Abstract: Data centers are now being used as a critical infrastructure for high-revenue online services such as web 
search, social networking, advertisement systems, and recommendation systems. For provisioning such large-scale 
online applications, data centers face extreme challenges in providing desired user experience. These data center 
applications have very demanding latency requirements and even a small fraction of a second can make a 
quantifiable difference in user experience thus impacting the revenue. For example, Google observed a 20% traffic 
reduction from an extra 500 ms (introduced inadvertently), and Amazon found that every additional 100 ms of latency 
costs them a 1% loss in business revenue. Keeping this challenge in view many transport layer protocols like 
DCTCP, L2DCT, PDQ and pFabric have been proposed. Among these, pFabric and PDQ provide near optimal 
performance but require major changes in the switch software and hardware, thus are not deployable. We propose 
PASE, a practical data center transport protocol that targets improvement in application throughput. PASE is 
deployment friendly: it does not require any changes to the network fabric; yet, its performance is comparable to, or 
better than, the state-of-the-art protocols that require changes to network elements (e.g., PDQ, pFabric). Using 
simulations and real testbed experiments it is shown that, for typical data center traffic patterns and over a wide range 
of traffic load, PASE improves application performance by upto 40% - 60% over L2DCT, upto 70% over DCTCP in 
various scenarios and upto 30% over pFabric in some scenarios. 
 
 
 
CSE-24 Efficient Instantiation Of Conceptual Data Models Using Model Transformations 

Authors: Matthew Nizol; Laura K. Dillon; R.E.K. Stirewalt 
 
Abstract: Conceptual data models are critical to the specification of complex enterprise software. Instantiating these 
models with test data that satisfy the model’s constraints facilitates validation: domain experts can review test data to 
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check for invalid or missing constraints, and developers can use generated test data to exercise application logic. 
Recent research has investigated the generation of test data from conceptual models expressed in the ORM 
language. ORM provides a rich set of constraints to capture the business rules of a domain; however, instantiating an 
ORM model with unrestricted constraints is NP-hard. Smaragdakis et al. identified a subset of ORM called ORM− 
whose models can be instantiated in polynomial time. Unfortunately, ORM− does not include many constraints 
commonly used in practice. Our research adds support for some of these constraints by using model transformations 
in conjunction with an augmented version of the ORM− instantiation algorithm. With our extensions, modellers can 
use a richer set of constraints without sacrificing efficient instantiation, thereby producing models that more accurately 
capture domain semantics while supporting validation. 
 
This work was supported in part by National Science Foundation Graduate Research Fellowship 
 
 
 
CSE-25 An Efficient Approach For Clustering Face Images 

Authors: Charles Otto; Brendan Klare; Anil Jain 
 
Abstract: Investigations that require the exploitation of large volumes of face imagery are increasingly common in 
current forensic scenarios (e.g., Boston Marathon bombing), but effective solutions for triaging such imagery (i.e., low 
importance, moderate importance, and of critical interest) are not available in the literature. General issues for 
investigators in these scenarios are a lack of systems that can scale to volumes of images over 100K, and a lack of 
established methods for clustering the face images into the unknown number of persons of interest contained. As 
such, we explore best practices for clustering large sets of face images (up to 1 million) into large numbers of clusters 
(approximately 200 thousand) as a method of reducing the volume of data to be investigated by forensic analysts. 
Our analysis involves a performance comparison of several clustering algorithms in terms of the accuracy of grouping 
face images by identity, run-time, and efficiency in representing large datasets of face images in terms of compact 
clusters. For two different face datasets, a mugshot database (PCSO) and the well-known unconstrained dataset, 
LFW, we find the rank-order clustering method to be effective in clustering accuracy, and relatively efficient in terms 
of run-time. 
 
 
 
CSE-26 Eyebrows As A Tool For Recognizing Individuals 

Authors: Raghunandan Pasula; Arun Ross 
 
Abstract: Eyebrows have along been associated with perceiving the mood of a person and as an indicator of beauty. 
For example, salons offer services specific to fine tuning the eyebrow contours and accentuating its texture. There 
are a variety of eyebrow shapes, sizes and textures. In this work, these features of the eyebrow are utilized to 
recognize an individual. Traditionally given a face image, a matcher may extract face specific features such as 
location of eyes, nose and mouth to establish a match. In some cases such as people wearing scarves, full face is 
not visible but only the eye (ocular) region is available. There are methods in literature that are able to match these 
ocular region using textural descriptors. In these cases, eyebrow shape can also be used and the features can be 
extracted to assist further matching. Eyebrow match scores can also be used in conjunction with ocular match scores 
to improve recognition performance. Experiments on the proprietary FaceIris dataset reveal that at the expense of 0.1 
percent false match rate, the true recognition rate can be improved from 87 percent using only ocular matching to 
91percent using both ocular and eyebrow match scores. A generic eyebrow segmentation is also proposed to 
automatically detect the eyebrows. 
 
This work was supported in part by Draper Labs 
 
 
 
CSE-27 Live Face Video Vs. Spoof Face Video: Use Of Moire Patterns To Detect Replay Video Attacks 

Authors: Keyurkumar Patel; Hu Han; Anil K. Jain; Greg Ott 
 
Abstract: With the wide deployment of face recognition systems in applications from border control to mobile device 
unlocking, the combat of face spoofing attacks requires increased attention; such attacks can be easily launched via 
printed photos, video replays and 3D masks. We address the problem of facial spoofing detection against replay 
attacks based on the analysis of aliasing in spoof face videos. The application domain of interest is mobile phone 
unlock. We analyze the moire pattern aliasing that commonly appears during the recapture of video or photo replays 
on a screen in different channels (R, G, B and grayscale) and regions (the whole frame, detected face, and facial 
component between the nose and chin). Multi-scale LBP and DSIFT features are used to represent the 
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characteristics of moire patterns that differentiate a replayed spoof face from a live face (face present). Experimental 
results on Idiap replay-attack and CASIA databases as well as a database collected in our laboratory (RAFS), which 
is based on the MSU-FSD database, shows that the proposed approach is very effective in face spoof detection for 
both cross-database, and intra-database testing scenarios. 
 
This work was supported in part by Center for Identification Technology Research (CITeR) 
 
 
 
CSE-28 Cooperation Among Smartphones To Improve Indoor Position Information 

Authors: Chen Qiu; Matt Mutka 
 
Abstract: Indoor Positioning aims to locate people inside a building and provide Location Based Services (LBS). 
Accurate indoor location information remains a challenge without incorporating extensive fingerprinting approaches or 
sophisticated infrastructures within buildings. Nevertheless, modern smartphones are equipped with sensors and 
radios that can detect movement and can be used to predict location. Dead reckoning applications on a smartphone 
may attempt to track a person’s movement or locate a person within an indoor environment. However, smartphone 
positioning applications continue to be inaccurate. We propose a new approach, CRISP - CoopeRating to Improve 
Smartphone Positioning, which assumes that dead reckoning approaches have inaccuracies, but leverages 
opportunities of the interaction of multiple smartphones. Each smartphone computes its own position, and then 
shares it with other nearby smartphones. The signal strengths of multiple radios (Bluetooth, WiFi, Zigbee) that are 
used on smartphones estimate distances between the devices. While individual smartphones may provide some 
positioning (possibly inaccurate) information, accuracy may improve when several smartphones cooperate and share 
position information through multiple iterations. Via indoor experimentation and simulation, we evaluate our approach 
and believe it is promising as an inexpensive means to improve position information. The range of errors by applying 
CRISP is within 1 meter. It also possibly leads to better results for a number of applications, including exercise 
profiling. 
 
 
 
CSE-29 Cybersickness Prioritization And Modeling 

Authors: Lisa Rebenitsch; Charles Owen 
 
Abstract: Motion sickness due to visual stimuli, or cybersickness, is a topic of public concern. Three-dimensional 
movies have reports of "movie theater sickness," and visor type displays such as Oculus Rift are now available to the 
public. Research in the field has posed over forty potential factors affecting cybersickness. The literature on some 
features is unclear due to selective reporting of equipment configurations, varying equipment configurations, different 
measurement methods, and limited studies. Literature regarding individual susceptibility to cybersickness is 
particularly limited. Therefore, several experiments were performed examining the display and stereoscopic 
rendering. Displays were selected as the focus since all virtual reality environments require a screen. Stereoscopic 
rendering was also added due to its renewed interest. All experiments also included a survey to search for possible 
individual susceptibility features. Features that had sufficient support were fitted to a single-term model, and later 
used for full predicative models. The final goal of the research was to build a predictive using the models created from 
the literature, results from the experiments, and individual factor identified from the surveys. New statistical methods 
to cybersickness research, called zero-inflated models, were examined for a better way to compare features in 
cybersickness. Zero-inflated have the benefit of having the "non susceptible" or "well" group built into the statistical 
test, which can be upwards of 50% of the participants.  
 
 
 
CSE-30 Edge Impact On Distances In Graphs 

Authors: Dennis Ross; Abdol-Hossein Esfahanian 
 
Abstract: The edge impact of an edge e on a simple graph G, where e is not in E(G), is determined by measuring 
changes in the distances of the all-pairs shortest paths in G+e from G. Here change is usually the reduction in the 
total distance, or sum of the lengths of all shortest paths between all vertices after edge addition. Given a non-
complete simple graph G we rank a subset of missing edges, M(G), to find an ordered set I(G) = {e_1, . . ., e_m}. 
Edge e_k reduces at least as much total distance in G+e_k as e_p does in G+e_p with k<p. We present the 
framework to the edge impact problem, determinations of edge impact in several graph classes, and describe open 
conjectures. In addition, we discuss applications to link prediction algorithms. 
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CSE-31 Unconstrained 3D Face Reconstruction 
Authors: Joseph Roth; Yiying Tong; Xiaoming Liu 

 
Abstract: This paper presents an algorithm for unconstrained 3D face reconstruction. The input to our algorithm is an 
unconstrained collection of face images captured under a diverse variation of poses, expressions, and illuminations. 
The output of our algorithm is a true 3D face surface model represented as a watertight triangulated surface with 
albedo data or texture information. 3D face reconstruction from a collection of unconstrained 2D images is a long-
standing computer vision problem. Motivated by the success of the state-of-the-art method, we developed a novel 
photometric stereo-based method with two distinct novelties. First, working with a true 3D model allows us to enjoy 
the benefit of using images from all possible poses, including profiles. Second, by leveraging emerging face 
alignment techniques, a combination of landmark constraints and photometric stereo-based normals drives our 
surface reconstruction. Given large photo collections and a ground truth 3D surface, we demonstrate the 
effectiveness and strength of our algorithm both qualitatively and quantitatively. 
 
 
 
CSE-32 Context-Aware Implicit Authentication For Mobile Devices 

Authors: Vaibhav Sharma; Richard Enbody 
 
Abstract: Smartphones are used for all kinds of personal computing purposes. Current authentication methods use 
explicit authentication such as the user entering a secret PIN. However, not only is explicit authentication not used by 
everyone, but there also are times when a device changes hands after authentication. For such cases Implicit 
Authentication(IA) schemes have been proposed. IA techniques make an underlying assumption that there is 
sufficient behavioral consistency in usage that can be used to uniquely identify a user. Inputs to IA techniques consist 
of recordings from sensors on the device such as the user’s touch, accelerometer, proximity to cell tower or a WiFi 
network.  Some apps have access to more sensitive information than others. For example, the user will be more 
concerned with a guest or attacker accessing a banking app than a gaming app. Also, a user’s touch patterns depend 
on the running application and the user’s goal within the running application. This observation provides motivation for 
development of improved, app-centric IA techniques. While doing this, we propose leveraging not only known sensor-
based features but also features that can be derived from a user’s behavior while using the app. For example, the 
time a user takes to login to an app or the time spent on a particular activity of an app will probably be the similar for 
the same user but vary for different users, and hence might be a useful feature for doing app-centric IA. We present 
an evaluation of such an app-centric IA technique. 
 
 
 
CSE-33 Correlating Names To Faces: A Preliminary Study 

Authors: Thomas Swearingen; Cunjian Chen; Arun Ross 
 
Abstract: Biometric systems use anatomical and behavioral traits such as face, fingerprints, iris and gait, to 
recognize an individual. Demographic data such as gender and ethnicity can also reveal essential information about 
an individual. In this work, we investigate the problem of combining non-biometric, demographic data with biometric 
information and names in order to render better decisions about the identity of individuals. First, we study the 
correlations between names and faces based on the extracted demographic attributes such as gender and ethnicity. 
Second, missing demographic attributes are deduced based on a label propagation scheme. Third, we attempt to 
associate names with faces using demographic data. To address these tasks, we assemble a celebrity database 
containing face images of subjects along with various demographic information. Experimental results on the celebrity 
dataset, as well as another previously available dataset, demonstrate that combining demographic data with 
biometric data can be beneficial in a variety of applications. 
 
 
 
CSE-34 Detecting Hashtag Hijacking From Twitter 

Authors: Courtland VanDam; Pang-Ning Tan 
 
Abstract: On social media such as Twitter, users generate labels, called hashtags, to provide a topic or context to 
their posts. A hashtag is any text that follows a # symbol and ends with a space, another # symbol, or the end of the 
post. Hashtags are typically used to categorize a tweet, to monitor ongoing popular conversations, and to facilitate 
accurate retrieval using Twitter search. Hashtag hijacking occurs when a group of users starts using a popular 
hashtag to promote a topic that is substantially different from its original context. Hashtag hijacking usually takes one 
of three forms: Attention seeking troll, PR campaigns gone wrong, and Politically motivated hijacks. Most of the prior 
research on hashtag hijacking has focused on manual monitoring of popular hashtags, such as those used by 
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prominent politicians or created specifically for political events. In this study, we propose an online multimodal non-
negative matrix factorization algorithm to automatically detect hashtag hijacking based on both the content of the 
tweets and the users who posted them. Preliminary results are presented showing examples of hijacked hashtags 
detected by the proposed algorithm. 
 
 
 
CSE-35 Crowdsourcing Of Network Data 

Authors: Prakash Mandayam Comar; Ding Wang; Pang-Ning Tan 
 
Abstract: A key requirement for supervised learning is the availability of sufficient amount of labeled data to build an 
accurate predictive model. This paper examines the use of crowdsourcing technology to acquire additional labeled 
data for classification problems in network analysis. Unfortunately, creating human intelligence tasks (HITs) to enable 
crowdsourcing is cumbersome for network data and may even be prohibitive for privacy reasons. To overcome this 
problem, we present a novel framework called surrogate learning that enables the mapping of network data into an 
equivalent representation (i.e., images) so that the labeling task can be performed even by non-domain experts. We 
demonstrate the efficacy of our approach in acquiring additional labeled data for node classification and link 
prediction tasks via crowdsourcing. The code and data sets used for evaluation are available at 
http://www.cse.msu.edu/~ptan/surrogate.html 
 
 
 
CSE-36 Joint Multi-Leaf Segmentation, Alignment, And Tracking From Fluorescence Plant Videos 

Authors: Xi Yin; Xiaoming Liu; Jin Chen; David M. Kramer 
 
Abstract: This paper proposes a novel framework for fluorescence plant video processing. Biologists are interested 
in the leaf level photosynthetic analysis within a plant. A prerequisite for such analysis is to segment all leaves, 
estimate their structures and track them over time. We treat this as a joint multi-leaf segmentation, alignment, and 
tracking problem. First, leaf segmentation and alignment are applied on the last frame of a plant video to find a 
number of well-aligned leaf candidates. Second, leaf tracking is applied on the remaining frames with leaf candidate 
transformation from the previous frame. We form two optimization problems with shared terms in their objective 
functions for leaf alignment and tracking respectively. Gradient descent is used to solve the proposed optimization 
problems. A quantitative evaluation framework is formulated to evaluate the performance of our algorithm with three 
metrics. Two models are learned to predict the alignment accuracy and detect tracking failure respectively. We also 
study the limitation of our proposed alignment and tracking framework. Experimental results show the effectiveness, 
efficiency, and robustness of the proposed method. 
 
This work was supported in part by Chemical Sciences, Geosciences, and Biosciences, Office of Basic Energy 
Sciences, Office of Science, US Department of Energy (award number DE-FG02-91ER20021, to support 
fluorescence measurements and software development) 
 
 
 
CSE-37 Development Of A Regionalization System Using Contiguity-Based Constrained Spectral Clustering 

Authors: Shuai Yuan; Kendra Spence Cheruvelil; Patricia Soranno; Pang-Ning Tan 
 
Abstract: A regionalization system delineates the geographical landscape into smaller, spatially homogeneous units 
or patches with similar characteristics, thus providing a spatial framework for a wide range of applications, such as 
land allocation, landscape planning, habitat design, and environmental management. This project investigates a 
quantitative approach for developing a regionalization system from terrestrial ecology data using constrained 
clustering algorithms. We demonstrate the limitations of existing algorithms and present a novel contiguity-based 
spectral clustering method to overcome such limitations. 
 
 
 
CSE-38 Using Genetic Programming To Synthesize The Distributed Fault-Tolerant Programs 

Authors: Ling Zhu; Sandeep Kulkarni 
 
Abstract: In most applications using genetic programming (GP), objective functions are obtained by a terminating 
calculation. However, the terminating calculation cannot evaluate distributed fault-tolerant programs accurately. A key 
distinction in synthesizing distributed fault-tolerant programs is that they are inherently non-deterministic, potentially 
having infinite computations and executing in an unpredictable environment. In this study, we apply a model checking 
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technique - Binary Decision Diagrams (BDDs) - to GP, evaluating distributed programs by computing reachable 
states of the given program and identifying whether it satisfies its specification. We present scenario-based multi-
objective approach, and each program is evaluated under different scenarios which represent various environments. 
The computation of the programs are considered in two different semantics respectively: interleaving and maximum-
parallelism. In the end, we illustrate our approach with a Byzantine agreement problem, a token ring problem and a 
consensus protocol using failure detector S. For the first time, this work automatically synthesizes the consensus 
protocol with S. The results show the proposed method enhances the effectiveness of GP in all studied cases when 
using maximum-parallelism semantic. 
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ELECTRICAL ENGINEERING 
 
ECE-01 Sub-Band Detection Of Primary User Emulation Attacks In OFDM-Based Cognitive Radio Networks 

Authors: Ahmed Alahmadi; Tianlong Song; Tongtong Li 
 
Abstract: This research considers the primary user emulation attack (PUEA) problem in OFDM-based cognitive radio 
networks, and proposes a robust and efficient AES-based digital TV (DTV) scheme. In the proposed scheme, the 
existing reference sequence used to generate the pilot subcarriers in the DTV frames is encrypted using the 
Advanced Encryption Standard (AES) algorithm for accurate sub-band detection of the authorized primary user, as 
well as malicious user. For primary user detection, we investigate the cross-correlation between the received 
sequence and the AES-encrypted reference sequence over a specific frequency sub-band. The malicious user 
detection can be performed by investigating the auto-correlation of the received sequence. It is shown that, with the 
AES-based DTV scheme, both the primary user and malicious user can be detected accurately under primary user 
emulation attacks. 
 
 
 
ECE-02 Skill Level Assessment For Teleoperator Based On Electroencephalography Signal 

Authors: Mustaffa Alfatlawi; Yunyi Jia; Ning Xi; Shuang Liu 
 
Abstract: Most of the researches in the field of robotic teleoperations have focused on the robots and the 
communication systems and paid less attention to the teleoperator as an important factor to achieve the tasks in 
optimal way. There are many aspects can be taken into consideration in the tele operator, the most important one is 
the skill level. The skill level of the human teleoperator usually has great influence on the performance of 
teleoperation, since different teleoperators with different skill levels may generate different commands and decisions 
in teleoperation. Even the same person may improve the performance after effective training. Investigation on the 
influence of operator skill is thus very important. In our research, a skill level detection approach is presented based 
on the emotional state of the teleoperator which can be detected from the EEG signal. The conceptual link between 
the EEG signals and the skill level is built upon many neurophysiological and psychological researches. An 
experiment is designed to train a neural network in order to create a skill estimator directly form the EEG signals. The 
preliminary results have shown a strong connection between the emotional state of the teleoperator and the skill 
level.  
 
 
 
ECE-03 Design And Development Of An LED-Based Optical Communication System 

Authors: Mohammed Al-rubaiai; Xiabo Tan 
 
Abstract: Strong attenuation of most electromagnetic signals in water is the main reason why underwater exploration 
and surveillance and other applications currently rely on sub-sea cables and tethers to send data back to the user. 
Though acoustic modems have long been the default wireless communication method for underwater applications, 
they incur high cost and can only deliver low data rates. In this work, an LED-based optical communication system is 
presented for applications requiring high speed, lower power,low complexity, and low-to-median communication 
range. A transmitter with super bright blue LED and a receiver based on blue enhanced photo diode systems were 
developed and tested with the goal of transmitting data at high rates over distances of at least 20 meters. Test results 
in a swimming pool showed the successful transmission of large data over a distance of 23 meters and at 
transmission rates of 100 kbps.A tracking control system has also been developed for underwater Optical 
Communications to prevent misalignment due to relative movement between the transmitter and the receiver. 
 
This work was supported in part by National Science Foundation 
 
 
 
ECE-04 MSU Jump Robot To Cover Maximum Area In Wireless Mobile Network With Minimum Energy 

Authors: Emad Alsaedi; Ning Xi 
 
Abstract: Mobile Robots in a network are supplied with limited energy on board. Therefore utilizing the energy in a 
mobile robot is a crucial case. The wheeled Robot is well limited on mobility for a non ideal surface (rugged terrains). 
Meanwhile, the Jump Robot can easily operate in a rugged none ideal surface.The Jump Robot has the ability to 
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sense and transmit data to the base station for processing, Therefore, the overall goal is to find the shortest path from 
start point to the goal point.The model of movement is formatted and solved using a population based optimization 
method knows as the differential evolution. .  
 
 
 
ECE-05 A Tensor-Based Approach To Tracking Dynamics Of Functional Connectivity In The Brain 

Authors: Selin Aviyente; David Zoltowski; Arash Mahyari; Edward M. Bernat 
 
Abstract: With the advances in neuroimaging technology, it is now possible to collect multi-channel 
neurophysiological activity across different experimental conditions and subject groups. In this work, we represent 
these higher-order datasets using tensor representation and propose tensor tracking and compression algorithms to 
identify change points in network topography and to summarize the quasi-stationary network states. Using lower rank 
approximations to the tensor at each time point, we employ subspace distance metrics to quantify the change in the 
network across time and identify the change points. Once the change points are detected, each time interval is 
compressed to a single network state representation through tensor-matrix projection. 
 
This work was supported in part by NSF grant 1218377 
 
 
 
ECE-06 On Developing And Enhancing Plant-Level Disease Rating Systems In Real Fields 

Authors: Yousef Atoum; Jamal Afridi; Xiaoming Liu; Mitchell McGrath; Linda Hanson 
 
Abstract: Cercospora leaf spot (CLS) is one of the most serious diseases of sugar beet worldwide, and if 
uncontrolled, causes nearly complete defoliation and loss of revenue for beet growers. The beet sugar industry 
continuously seeks CLS-resistant sugar beet cultivars as one strategy to combat this disease. Normally human 
experts manually observe and rate the resistance of a large variety of sugar beet plants over a period of a few 
months. Unfortunately, this procedure is laborious and subjective from one expert to another resulting in 
disagreements on the level of resistance. Therefore, we propose a novel computer vision system, CLS Rater, to 
automatically rate plant images in the real field to the "USDA scale". Given a set of plant images captured by a 
tractor-mounted camera, CLS Rater extracts multi-scale superpixels, where in each scale a novel histogram of 
importances feature encodes both the within-superpixel local and across-superpixel global appearance variations. 
These features at different superpixel scales are then fused for learning a regressor that estimates the rating for each 
plant image. We further address the issue of the noisy labels by experts in the field, and propose a method to 
enhance the performance of the CLS Rater by automatically calibrating experts ratings to ensure consistency. 
Experimental results on real field data show that both the CLS Rater and the enhanced CLS Rater to be highly 
consistent with the rating errors of 0.65 and 0.59 respectively, which demonstrates a higher consistency than the 
rating standard deviation of 1.31 by human experts. 
 
This work was supported in part by Michigan Sugar Company Competitive Grant and Project Greeen 
 
 
 
ECE-07 Passive Joints For Robotic Fish Pectoral Fins: Design, Modeling, And Experimental Results 

Authors: Sanaz Bazaz Behbahani; Xiaobo Tan 
 
Abstract: Aside from the tail, paired pectoral fins are an important actuation mechanism in a robotic fish. There are 
several works adopting a rigid connection between the actuator and the pectoral fins, which requires different 
actuation speeds in power and recovery strokes to produce a net thrust. The latter results in low actuation efficiency 
and high control complexity.In this work we explore two different types of passive joints, one being the flexible rowing 
passive joint and the other being the flexible feathering joint, to overcome the problems mentioned above. A dynamic 
model is proposed for each case and subsequently evaluated through experiments. We also provide a comparison 
between the two joints through experimental results on forward swimming velocity, turning radius, and turning period 
over different fin-beat frequencies. Overall, the flexible rowing joint outperforms the flexible feathering passive joint 
and the rigid joint connection. Furthermore, we investigate the influence of actual pectoral fin size, joint dimension, 
and joint stiffness on the locomotion performance of the robotic fish. 
 
This work was supported in part by National Science Foundation (Grant DBI-0939454, CNS-1059373, IIS-1319602, 
and CCF-1331852) 
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ECE-08 Investigation Of A Comprehensive Confidence Measure In NDE 
Authors: Portia Banerjee; Seyed Safdarnejad; Lalita Udpa; Satish Udpa 

 
Abstract: Quantitative assessment of reliability of classification results is critical in detection and characterization of 
anomalies in any non-destructive evaluation (NDE) application. In automated data-analysis systems, reliability 
measure enables the system to automatically flag indications where operator intervention is required, and reduces 
maintenance costs and risks. Classification results are affected by inherent ambiguity of defect classes, non-
discriminative features, inadequate training samples and poor data quality. Although these sources of uncertainties in 
classification have been studied, formulating a single measure which quantifies all of them together has not been 
done to date. From Bayesian point of view, posterior probability is considered as a confidence measure. Posterior 
probability of occurrence of an event is representative of inter-class similarities and intra-class distance and thus, may 
be used as a measure of inherent ambiguity of classes and discriminative quality of features. However, estimation of 
posterior probability itself is affected by size of available training samples. In this paper, we develop a framework to 
incorporate these major sources of classification error in a single quantity. In lieu of the simplistic assumption, 
parameters of the distribution of a class are assumed to be random variables. Bootstrapping is used to find empirical 
distribution of the parameters based on which a distribution of confidence is found. Utilizing this distribution, different 
interpretations of confidence measure may be provided. Analytic results show how statistical properties of the 
confidence distribution depend on number of training samples and quality of features. Initial results of the approach 
on eddy current data will be presented. 
 
This work was supported in part by Electric Power Research Institute (EPRI) 
 
 
 
ECE-09 Trending Videos: Measurement And Analysis 

Authors: Iman Barjasteh; Ying Liu; Hayder Radha 
 
Abstract: Unlike popular videos, which would have already achieved high viewership numbers by the time they are 
declared popular, YouTube trending videos represent content that targets viewers attention over a relatively short 
time, and has the potential of becoming popular. Despite their importance and visibility, YouTube trending videos 
have not been studied or analyzed thoroughly. In this paper, we present our findings for measuring, analyzing, and 
comparing key aspects of YouTube trending videos. Our study is based on collecting and monitoring high-resolution 
time-series of the viewership and related statistics of more than 8,000 YouTube videos over an aggregate period of 
nine months. Since trending videos are declared as such just several hours after they are uploaded, we are able to 
analyze trending videos time-series across critical and sufficiently-long durations of their lifecycle. In addition, we 
analyze the profile of users who upload trending videos, to potentially identify the role that these users profile plays in 
getting their uploaded videos trending. Furthermore, we conduct a directional-relationship analysis among all pairs of 
trending videos time-series that we have monitored. We employ Granger Causality (GC) with significance testing to 
conduct this analysis. Unlike traditional correlation measures, our directional-relationship analysis provides a deeper 
insight onto the viewership pattern of different categories of trending videos. Trending videos and their channels have 
clear distinct statistical attributes when compared to other YouTube content that has not been labeled as trending. 
Our results also reveal a highly asymmetric directional-relationship among different categories of trending videos. Our 
directionality analysis also shows a clear pattern of viewership toward popular categories, whereas some categories 
tend to be isolated. 
 
 
 
ECE-10 Application Of Single Crystal Diamond For Swift-Heavy Ion Beam Detector 

Authors: Ayan Bhattacharya; Andreas Stolz; Timothy A. Grotjohn 
 
Abstract: Diamond is an exceptional material in terms of mechanical, electrical and optical properties. Single crystal 
diamond has a large bandgap (~ 5.47 eV), large atomic displacement energy (~ 43eV) and high electric breakdown 
field (107 V cm-1). These superior properties make diamond inherently radiation tolerant and an excellent swift heavy 
ion beam detector material. In this study, detection performance of single crystal diamond is studied with the long-
term objective of understanding the detector degradation process and it`s lifetime in swift heavy ion beam. Single 
crystal diamonds grown by microwave assisted chemical vapor deposition (MPACVD) at Michigan State University 
(MSU), are used to develop swift heavy ion beam detectors. Material properties of the diamonds are characterized by 
birefringence, UV-VIS spectroscopy and FTIR ( Fourier Transform Infrared Spectroscopy). The detectors 
performance were studied by irradiating the samples with swift heavy ion beams in the range of 100-150 MeV/u at 
National Superconducting Cyclotron Laboratory (NSCL) at MSU. Besides the MSU grown samples, commercial 
electronic grade samples were also tested under the same radiation environment. Post irradiation, all samples are 
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characterized by transient current technique and leakage current measurement to understand the degradation 
mechanism. 
 
This work was supported in part by Strategic Parternership Grant, MSU and MSU Foundation 
 
 
 
ECE-11 Frequency Reconfigurable Patch Antenna Array 

Authors: Jennifer A. Byford;Kyoung Youl Park; Premjeet Chahal 
 
Abstract: A frequency reconfigurable antenna array is introduced. The array consists of planar radiating elements 
that may be interconnected through computer-controlled switches to form larger elements radiating at frequencies 
lower than the resonant frequency of the individual elements. Simulations using a 2 x 2 array of patch antennas 
connected using either hard shorts or RF shorts are used to establish the viability of the concept. Hard shorts are 
created by adding copper strips between elements. Capacitors are placed across gaps between the copper strips and 
the patches to create RF shorts as a model for the switches used in the proposed implementation. The simulated 
arrays were fabricated and the measured properties of the arrays are in good agreement with the predicted results. 
Both of the shorting methods resulted in a reduction of the resonance frequency to half that of an individual element, 
while the radiation pattern of the individual element was maintained. 
 
 
 
ECE-12 Fully Printed, Ultra-Flexible Logic Gates With Tunable Performance Based On Carbon Nanotubes 

Authors: Le Cai; Suoming Zhang; Jinshui Miao; Qinqin Wei; Chuan Wang 
 
Abstract: Ink-jet printing is a promising route towards unconventional electronic devices that feature large area, low 
cost, high flexibility and non-planar structure. Here, we report fully printed logic gates, including inverters, NOR and 
NAND gates, based on thin-film transistors (TFTs) using semiconducting-enriched single walled-carbon nanotubes 
(sSWCNTs) as channel materials. Inks of silver and barium titanate nanoparticles were printed as electrodes and 
gate dielectrics, respectively. The TFTs exhibit better performance and stability than organic semiconductors which 
are widely used for printed electronics. In addition, the characteristics of the resistor-loaded logic gates can be tuned 
by printing progressively increasing layers of sSWCNTs. The optimized logic gates show excellent output 
characteristics as well as superior flexibility. This study represents the first demonstration of fully printed ultra-flexible 
logic gates using carbon nanotubes and an inspiring step towards high performance electronics through low cost and 
scalable processes. 
 
 
 
ECE-13 Stabilization Of Pitch And Yaw Angles Of A Gliding Robotic Fish Using Sliding Mode Control 

Authors: Maria Castano; Xiaobo Tan 
 
Abstract: Oceanic sustainability has been a growing global concern due to the increase of potential threats to the 
integrity of aquatic ecosystems. As a result more attention has been payed to the monitoring of such environments, 
leading to the need for autonomous aquatic robots that are capable of monitoring them in an efficient and accurate 
manner. A gliding robotic fish is a type of underwater robot that stems from combining the energy efficient underwater 
glider with the high maneuverable robotic fish. Because low energy consumption and monitoring efficiency are highly 
desirable, stabilization of both pitch and yaw during gliding is of great importance. We thus focus on developing a 
combined sliding mode controller that stabilizes both yaw and pitch simultaneously during gliding. First,an individual 
controller for the pitch was developed, followed by a combined controller for the stabilization of pitch and yaw. To 
demonstrate the validity of the proposed controller design we proceeded to implement both simulations and 
experiments. 
 
 
 
ECE-14 3-D High Speed Infrared Camera Using Spatial Light Modulator 

Authors: Liangliang Chen; Zhanxin Zhou; Ning Xi; Bo Song; Yongliang Yang; Zhiyong Sun 
 
Abstract: In this poster, it is proposing a 3D IR imaging system that will use a carbon nanotube (CNT) based 
detector along with compressive sensing algorithms that will be integrated together to produce a portable, non-
cryogenic-cooled 3D IR camera that will provide quality 3D images at video frame rates. The proposed system will 
solve several issues currently affecting 3D IR imagers, including their size, computational requirements, bulky cooling 
systems and slow image collection speeds. These problems make most existing systems unusable in battlefield 



Abstracts of the 2015 Engineering Graduate Research Symposium, Michigan State University   40 

situations. Preliminary results show that compressive sensing algorithms can dramatically decrease the amount of 
computation necessary to provide video-rate images and detectors based on CNTs are capable of detecting IR light 
at much faster speeds than currently possible without large cryogenic cooling systems. These two subsystems can 
therefore be combined into a portable, low cost, high speed and high quality 3D IR video system that can be 
integrated into infrastructure as well as many other military and civilian applications. 
 
 
 
ECE-15 Data Correlation Approach For Slippage Detection In Robotic Manipulations Using Tactile Array 

Sensor 
Authors: Yu Cheng; Chengzhi Su; Yunyi Jia; Ning Xi 

 
Abstract: Two techniques have been presented for slippage detection. They are independent of sensor signal type 
and are promising for general use on tactile array sensors. The first method is based on frequency analysis of the 
correlation coefficient sequence of sensor array data sampled as time evolves. The main idea is that a slippage 
causes heavier fluctuation in the sensor signal distribution and values than a static case. The second approach 
employs 2-D cross correlation to detect displacements of the sliding object from tactile images, which makes it 
possible to estimate the slippage velocity based on commercial sensors rather than custom hardware. Experiments 
have been implemented to evaluate the proposed approaches. It can be seen that the first method is capable of 
detecting both translational and rotational slippage. Also, it works well in dynamic environments. Besides, the ability 
of the second method to detect slippage velocity has been confirmed in the experiment. 
 
This work was supported in part by National Science Foundation 
 
 
ECE-16 Higher Order (In Time) Stable PWTD-Accelerated Time Domain Integral Equation Solver 

Authors: Zane Crawford; Andrew J. Pray; Shanker Balasubramaniam; John Albrecht; Leo Kempel 
 
Abstract: Integral equation based methods for transient analysis have seen a rapid growth in computational 
electromagnetics over the past decade. The fundamental bottlenecks are well understood and there are prescriptions 
to their resolution. The first bottleneck is computational complexity. The cost in degrees of freedom have been 
reduced through methods such as the plane wave time domain method (PWTD) and the time domain adaptive 
integral method (TDAIM). The second bottleneck is late time stability. Papers attempting to address this issue have 
been ongoing since the 1960’s. It is only recently that some resolution has been brought to this issue. However, 
integration of fast methods with late time stable techniques is still a challenge. 
In this work, we will work to integrate late time stable methods developed by our group with the PWTD method. While 
this was a work that begun last year, incorporating PWTD into the solution system brings unexpected results. The 
PWTD algorithm yields the derivative of the field as opposed to the field. Simple numerical integration yields results 
that have a slowly growing late time instability. We seek a resolution to this problem by developing accurate 
integration schemes. To do so, we explore both Runge-Kutta (explicit and implicit) methods, as well as variational 
based integrators. The results of these methods and their influence on stability will be presented. 
 
 
ECE-17 Interpolation Methods For Economical Pulse-Echo Signal Synthesis 

Authors: Pedro C. Nariyoshi; Robert J. McGough 
 
Abstract: Models for pulse-echo simulations use a distribution of point scatterers to generate realistic computer 
phantoms. In these simulations, the contribution from an individual transducer element evaluated at a single scatterer 
produces the same signal on each A-line with different time delays and amplitude scale factors. Instead of re-
calculating the pressure signals for each A-line, a much more efficient approach delays and scales the pressure 
signals before superposing the contributions from different transducer elements to obtain each simulated A-line. 
To delay these signals, appropriate interpolation schemes are necessary. New routines that are under development 
in FOCUS (http://www.egr.msu.edu/~fultras-web) implement cubic-splines using the exact arrival and edge times. 
Non-uniform sampling, specifically for the first and last sample, allows better representation of the start and end of the 
signal where the slope is discontinuous. Simulations are performed using 24 element sub-apertures in a linear array 
consisting of 192 rectangular elements that are 5mm high and 0.5133mm wide with 0.1mm center-to-center spacing. 
The simulation is evaluated for a computer phantom with 100,000 scatterers. The center frequency of the excitation is 
3MHz. The intermediate signals from the transmit and receive apertures and the pulse-echo signals are shown for 
each simulation step and compared to a reference signal evaluated at 1GHz. The same configuration is used in Field 
II (http://field-ii.dk) to compare the computation time and accuracy for the two programs. 
 
This work was supported in part by NIH Grant R01-EB012079 
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ECE-18 Soft Bending Actuators: Explorations Of Fabrication Techniques 
Authors: Thassyo Pinto; Xiaobo Tan 

 
Abstract: Soft robotics is a recent trend in engineering that seeks to create machines that are soft, compliant, and 
capable of withstanding damage, wear and stress. Soft actuators are a major element of soft robots, and they can be 
achieved through different methods such as soft lithography, photopatterning, and 3D printing. In this work, we 
computationally analyzed soft pneumatic bending actuators, and developed several prototypes using silicone molding 
and 3D printing processes, in order to evaluate different materials properties and their performance when subject to 
various values of pressure. In particular, we were able to fabricate a miniaturized prototype of a stingray-like soft 
robot for testing a tethered actuation system in an underwater environment. 
 
This work was supported in part by CAPES (Brazil), BEACON (USA) 
 
 
 
ECE-19 Representative Selection For Big Data Via Sparse Graph And Geodesic Grassmann Manifold 

Distance 
Authors: Chinh Dang; Hayder Radha 

 
Abstract: This paper addresses the problem of identifying a very small subset of data points that belong to a 
significantly larger massive dataset (i.e., Big Data). The small number of selected data points must adequately 
represent and faithfully characterize the massive Big Data. Such identification process is known as representative 
selection [19]. We propose a novel representative selection framework by generating an l1 norm sparse graph for a 
given Big-Data dataset. The Big Data is partitioned recursively into clusters using a spectral clustering algorithm on 
the generated sparse graph.We consider each cluster as one point in a Grassmann manifold, and measure the 
geodesic distance among these points. The distances are further analyzed using a min-max algorithm to extract an 
optimal subset of clusters. Finally, by considering a sparse sub-graph of each selected cluster, we detect a 
representative using principal component centrality [11]. We refer to the proposed representative selection framework 
as a Sparse Graph and Grassmann Manifold (SGGM) based approach. To validate the proposed SGGM framework, 
we apply it onto the problem of video summarization where only few video frames, known as key frames, are selected 
among a much longer video sequence. A comparison of the results obtained by the proposed algorithm with the 
ground truth, which is agreed by multiple human judges, and with some state-of-the-art methods clearly indicates the 
viability of the SGGM framework. 
 
This work was supported in part by National Science Foundation 
 
 
 
ECE-20 Application Of Computational Intelligence In Reliability Improvement Of Active Distribution Systems 

Through Feeder Reconfiguration 
Authors: Salem Elsaiah; Joydeep Mitra 

 
Abstract: This study describes a method for reliability improvement of active distribution systems using intelligent 
and heuristic methods. The work presented here is developed based on a linearized network model in the form of DC 
power flow and linear programming model, in which the thermal capacities of distribution feeders and real power 
constraints are accounted for. The optimal distribution system architectures are obtained using an intelligent binary 
particle swarm optimization based search method. The probabilistic reliability assessment is conducted using a 
method, which is developed based on event tree analysis. In order to enhance the computational burden, the 
probabilistic reliability assessment method is modified so that the effect of higher-order contingencies is limited using 
a frequency based cut-off criteria. Several case studies are carried out on a benchmark 33 buses radial distribution 
system. The results show that the amount of annual unserved energy, number of affected households, and number of 
affected in-service consumers can all be tremendously reduced using the proposed method. 
 
 
 
ECE-21 A Step-Ahead On Designing And Teaching Courses According To The ABET Guidelines: Application 

To ECE 474 Principles Of Electronics Devices 
Authors: Salem Elsaiah; Virginia Ayres 

 
Abstract: The new ABET engineering criteria was first formulated and introduced to American education system in 
the middle 1990s. The new ABET accreditation system defines an engineering graduate according to Blooms 
Taxonomy [1], in which criterion (a) to (k) should be met. Understanding and implementing a successful ABET 
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engineering program is somewhat complex task and can be confused for several educators and course developers. 
The vast majority of the work presented in the literature is concerned with the design of learning objectives, course 
outcomes, assessment tools, etc, however less attention has been paid thus far on how to implement the guidelines 
of the new ABET engineering criteria. This study presents a step-ahead on how to design and teach engineering 
courses to meet the ABET guidelines. The work presented here summarizes the design procedure of an ABET 
syllabus for ECE 474 course. Then, it introduces and implements Demos and simulation packages to help students 
visualize and understand important concepts, in particular Hall Effect measurements and carrier concentrations. This 
work finally utilizes a method, which is developed based on Adaptive Backward Curriculum design to assess student 
performance and to align learning objectives with course outcomes. 
 
 
 
ECE-22 Cooperative Control For A Network Of Gliding Robotic Fish 

Authors: Osama Ennasr; Xiaobo Tan 
 
Abstract: Gliding robotic fish combine the strengths of both underwater gliders and robotic fish, resulting in long 
duration of operation and high maneuverability. Michigan State’s gliding robotic fish, Grace, has already been 
deployed in Kalmazoo River and Wintergreen Lake for environmental monitoring. This research focuses on the 
control of a network of gliding robotic fish that work together to perform specific tasks. Utilizing a network of robots, 
much more sophisticated missions can be carried out that would improve the quality of our water resources and the 
understanding of our marine environment. Applications for cooperative control include cooperative tracking of real 
fish, sampling lakes and rivers at a higher spatial resolution, and monitoring lager lakes and water resources. In many 
of these applications, it is desirable to have all robots travelling as a group, or following a leader. Dynamic feedback 
linearization along with distributed linear estimators are used to track the velocity states of a leader. The leader’s 
information, which is available to only a subset of the network, could be the output of another physical robot or a 
virtual leader that represents the desired motion of that network. Simulation results are presented to determine the 
effectiveness of the proposed approach. 
 
This work was supported in part by National Science Foundation 
 
 
 
ECE-23 Breast Cancer Detection Using Haralick Features Of Images Reconstructed From Ultra Wideband 

Microwave Scans 
Authors: Blair Fleet; Jinyao Yan; David Knoester; Meng Yao; John Deller, Jr.; Erik Goodman 

 
Abstract: Microwave scanning of the breast would provide a technology for cancer detection and screening that is 
significantly safer than current methods involving radiation. This research focuses on finding the best way for 
accurate characterization of cancerous signals and normal signals using clinical data collected from a previously 
developed ultra wideband (UWB) antenna, BRATUMASS (Breast Tumor Microwave Sensor System). BRATUMASS 
detects changes in dielectric constants within the breast. The signals collected from the microwave scanning 
procedure are reconstructed into a single, informative representation of the breast via diffraction tomography. This 
representation contains the information of the breast's conductivity and the change in dielectric constants. We 
illustrate the feasibility of using Haralick features to make distinctions among breasts with a malignant tumor present 
and breasts with no malignancy in data collected from Shanghai Sixth People's Hospital and Shanghai First People's 
Hospital. 
 
This work was supported in part by NSF GRFP (National Science Foundation Graduate Research Fellowship 
Program); GEM (National Consortium for Graduate Degrees for Minorities in Engineering and Sciences) Fellowship 
 
 
 
ECE-24 Stepped Waveguide Technique For The Extraction Of Electromagnetic Parameters Of Conductor-

Backed Absorbers. 
Authors: Jonathan Frasch; Edward Rothwell; Benjamin Crowgey 

 
Abstract: While well-established techniques exist for finding the dielectric and magnetic constants of unknown 
samples, some of these techniques become unusable when a conductive material is affixed to the back, since the 
conductor prevents transmission measurements from being taken. One method of overcoming this problem is to use 
a technique requiring two reflection measurements. In this case, use of two different stepped-waveguides to obtain 
two independent reflection measurements is examined. 
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ECE-25 An Adaptive Transfer Function For Deriving The Central Blood Pressure Waveform From A 
Peripheral Blood Pressure Waveform: Evaluation In Patients 
Authors: M. Gao; W. Rose; B. Fetics; H. Cheng; C. Chen; D. Kass; R. Mukkamala 

 
Abstract: Central BP is clinically more relevant than peripheral BP, but peripheral BP is easier to measure. While 
devices are available to derive the central BP waveform from a peripheral BP waveform, they assume that a single, 
universal transfer function exists that can be applied to a peripheral BP waveform of any subject over any physiologic 
condition so as to accurately predict the central BP waveform. We previously proposed to adapt the transfer function 
relating peripheral BP to central BP to the arterial properties of the subject at the time of measurement by employing 
a physical model of the arterial tree and exploiting the fact that ascending aortic blood flow is negligible during 
diastole. In this study, our objective was to evaluate the ATF in patients. We studied 49 patients undergoing cardiac 
catheterization. We simultaneously measured a peripheral BP waveform for analysis via a radial artery tonometer (N 
= 39) or radial artery catheter (N = 10) and the reference central BP waveform via a high fidelity ascending aortic 
catheter. In some patients (N = 14), we obtained the waveforms before and after an intervention that perturbed BP. 
We applied the ATF to the peripheral BP waveforms and quantitatively assessed the predicted central BP against the 
reference measurements. We created a GTF using all of the available central and peripheral BP waveforms and 
another GTF that constituted an essentially perfect model of the commercial SphygmoCor device. The Table shows 
that the ATF achieved significantly lower central BP RMSEs than both GTFs. 
 
 
 
ECE-26 Exploration Of Inverse Depth Visual SLAM With Single Camera 

Authors: Jason Greenberg; Xiaobo Tan 
 
Abstract: Visual SLAM (Simultaneous Localization And Mapping) is popular in land-based robotic applications, but is 
severely limited for underwater localization and navigation. This presentation explores a terrestrial-based monocular 
Visual SLAM algorithm known as the Inverse Depth SLAM with hopes that its unique benefits could be applied to 
underwater situations. The Inverse Depth SLAM is unique in that it can fully initialize a feature vector with uncertain 
depth by storing a Gaussian prior of the depth's inverse as well as referencing the point's location from the position of 
the camera when it was first observed. The feature is then able to be converted to the standard XYZ parametrization 
after sufficient parallax has been observed. The poster presentation details the basic structure and purpose of this 
SLAM implementation among with some implementation details. 
 
 
 
ECE-27 Efficient Parallel Algorithms For Electromagnetic Composite-Object Integral Equations 

Authors: Steve Hughey; Shanker Balasubramaniam; Leo C. Kempel 
 
Abstract: Modern engineering challenges require electromagnetic analysis of complex systems comprising 
composite objects and multiple length scales. Among modern computational methods used to solve these problems, 
integral equations (IEs) are held in high regard for their accuracy due to their exact imposition of radiation boundary 
conditions. Fast methods for IEs, such as the multilevel fast multipole algorithm (MLFMA), have been extensively 
studied, and reduce the cost of solutions from O(N^2) to O(NlogN), where N is the number of degrees of freedom in 
the problem. Even so, it is still infeasible to solve problems with very large N in a reasonable amount of time without 
further modifications to the solution algorithm to reduce the computational cost, limiting the utility of these methods for 
large, multiscale engineering problems. Parallelization of these algorithms has been the thrust of much recent work. 
However, much of the work on development of efficient parallel algorithms has been devoted to analysis of perfectly 
conducting objects with more limited work on composite objects. A recently proposed parallel algorithm which we will 
leverage in this work was shown to be highly scalable up to 512 processors. To this end, we will augment domain 
partitioning by an intelligent pre-processing step to effect optimal distribution and alleviate communication costs. Our 
earlier incarnation of this work used a brute force partitioning of the space filling curve, the drawback of which is loss 
of scalability for high-contrast inclusions. Furthermore, we will address development of efficient preconditioning 
strategies within the parallel framework. 
 
This work was supported in part by DARPA 
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ECE-28 Analysis Of Instantinous Reactive Power Theory For Active Filtering Of Matrix Converter 
Authors: Ameer Jnabai; Bingsen Wang 

 
Abstract: Matrix converter, is a single stage direct AC/AC converter. By employing only nine bidirectional switches it 
is able to create variable amplitude and frequency output voltages. In this poster, a series and shunt active filters are 
applied on the matrix converter to minimize the power quality impact. The reference voltage and current in the shunt 
and series active filters has been obtained using the instantaneous reactive power theory. The system shows a high 
performance in eliminating the undesired harmonics from the input current and the output voltage waveforms. 
 
 
 
ECE-29 Closed-Loop Natural Language Control Of Robotic Systems For Exception Handling 

Authors: Yunyi Jia; Ning Xi; Joyce Chai, Lanbo She; Yu Cheng 
 
Abstract: Controlling robots by natural language is more intuitive and efficient than using the conventional control 
manners such as joysticks. Most existing methods on natural language control have designed the systems in an 
open-loop manner, which cannot handle exceptions in the robotic system and environment. Therefore, we develop a 
closed-loop control framework for natural language controlled robotic systems with the capability of handling such 
exceptions. The designed method is implemented on a natural language controlled mobile manipulator system and 
the experimental results demonstrate its effectiveness and advantages. 
 
 
 
ECE-30 Metal Insulator Metal (MIM) Based Microwave Circuits On Flex Substrates 

Authors: Amanpreet Kaur; Premjeet Chahal 
 
Abstract: This paper demonstrates fabrication and characterization of thin-film Ti-TiO2-Pd based Metal-Insulator-
Metal (MIM) diodes on flexible substrates. MIM diodes with different contact areas were fabricated, and a comparison 
is made for their DC and RF performances. The current-voltage characteristics of the fabricated diodes show strong 
non-linearity. The diodes are also tested for microwave circuit applications such as detection, frequency multiplication 
and mixing . Details of DC characteristics, RF rectification, mixing and multiplication using MIM diodes are presented. 
 
This work was supported in part by DARPA 
 
 
 
ECE-31 A Novel Tubular IPMC Sensor Capable Of Omnidirectional Sensing 

Authors: Hong Lei; Montassar Aidi Sharif; Xiaobo Tan 
 
Abstract: An ionic polymer-metal composite (IPMC) sensor typically consists of a thin ion-exchange membrane with 
electrodes on both surfaces. Such IPMC sensors only respond to stimuli acting perpendicular to the beam plane. In 
this paper, we present a novel, omnidirectional, tubular IPMC sensor that responds to all stimuli perpendicular to the 
tube axis. This tubular IPMC has one common inner electrode and four outer electrodes, which form four routes of 
common-ground current outputs. With a custom-made setup, the response of each sensor route is characterized 
under tip deflection in different orientations at frequencies 1-20 Hz, which verifies the sensor’s omnidirectional 
sensing capability and shows little mechanoelectrical coupling between neighboring sensor routes. An analytical 
dynamic model, in the form of a transfer function, is developed for the sensor, which captures the internal ion-
transport physics. Experimental results show that the proposed model is able to capture the tubular sensor dynamics. 
 
This work was supported in part by National Science Foundation: DBI 0939454; the Office of Naval Research: 
N000140810640, N000141210149; 
 
 
 
ECE-32 Isogeometric Analysis For Integral Equations In Electromagnetics 

Authors: Jie Li; Shanker Balasubramaniam 
 
Abstract: Isogeometric analysis (IGA) has recently become popular in computational science during the past decade 
or so and it has shown great potential in simplifying analysis-based designing procedures. IGA tries to to unify both 
geometric and field representation; in other words, both the geometry and the fields are represented using the same 
underlying basis set. However, while the concept of IGA for differential equations is more common, extension to an 
integral equation framework is significantly more challenging. In this work, we present for the first time, the IGA as 
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applied to three dimensional integral equations encountered in electromagnetics. The presented approach relies on 
the subdivision scheme for both geometry and function representation. Due to high smoothness and partition of unity 
nature in the representation basis, one can construct a rigorous local Helmholtz decomposition of currents defined on 
the tangential space of an arbitrary surface. Hence the proposed approach will lead to a stable discretization of 
electric field integral equation ranging from nearly static case to high frequency. Specifically, besides better accuracy, 
the method presented is a robust solution to the following problems altogether: (1)the low-frequency breakdown, (2) 
implementation of Calderon preconditioner without using dual mesh, and (3) problems with multi-scale meshes. 
 
 
 
ECE-33 Ultrashort Channel Length Black Phosphorus Field-Effect Transistors 

Authors: Jinshui Miao; Suoming Zhang; Le Cai; Qinqin Wei; Chuan Wang 
 
Abstract: Few-layer black phosphorus (BP) is an emerging two-dimensional material which is of great interest for 
applications, mainly in high performance electronics, optoelectronics, and chemical sensors et al. BP nanoflake has a 
moderate bandgap of around 0.3 eV and high carrier mobility, which lead to transistors having high on-current 
densities and on-off ratios. Here, we demonstrate the ultrashort channel length BP field-effect transistors (FETs) with 
channel length of around 20 nm. The BP-FETs show respectable current saturation with an on-off ratio that exceeds 
100. We achieved a current density in excess of 170 µA/µm at Vds=0.1 V. Unencapsulated BP nanoflakes are found 
to chemically degrade upon exposure to ambient conditions. In this study, ultrashort channel length BP-FETs with 
atomic layer deposited Al2O3 layer can effectively suppress ambient degradation, allowing encapsulated BP-FETs to 
maintain high on-off ratio and on-current density. 
 
 
 
ECE-34 Affordable 3D Printed Microwave Antennas 

Authors: Mohd Ifwat Mohd Ghazali; Eleazar Gutierrez; Joshua Myers; Amanpreet Kaur; Brian Wright; 
Premjeet Chahal 
 
Abstract: A variety of 3D printed microwave antennas are presented including wide band, narrow band, multiband 
and reconfigurable designs. In particular, single layer patch, folded E-patch, a bilateral Vivaldi, Spartan logo and 
Lego-like assembled antennas are demonstrated. 3D printing provides significant flexibility in the design of antennas 
that combine the assembly of both dielectric and metal layers to achieve desired performance characteristics such as 
resonant frequency and radiation pattern. Also, small Lego-like blocks can be printed that allows in the design and 
assembly of novel antennas structures using a combination of dielectric and metal coated blocks. 
 
 
 
ECE-35 Nonlinear Identification Of Total Baroreflex Arc 

Authors: Mohsen Moslehpour; Toru Kawada; Kenji Sunagawa; Masaru Sugimachi; Ramakrishna 
Mukkamala 
 
Abstract: A second-order nonlinear model of the total baroreflex arc –the open-loop system relating carotid sinus 
pressure (CSP) to arterial pressure (AP) – of rats was established using Gaussian white noise stimulation and 
nonparametric identification. The nonlinear model was able to predict AP 15% better than the conventional linear 
model. 
 
 
 
ECE-36 Irradiation Of Single Crystal Diamond For Lift-Off Processes Using Proton And Carbon Beams 

Authors: M. Muehle; A. Kayani; M.F. Becker; S.J. Wickramarachchi; T. Schuelke; J. Asmussen 
 
Abstract: A challenge for homoepitaxially growing larger single crystalline diamonds (SCD) is the separation of seed 
crystals after the microwave plasma assisted chemical vapor deposition (MPACVD) process. Conventional laser 
cutting leads to substantial material loss with increasing lateral sizes due to the cutting wedge profile. A possible 
solution to minimize material loss is offered by lift-off processes that create a thin subsurface damage layer through 
ion implantation. Proton and carbon ion beam interactions with SCD were modeled with Monte Carlo simulations. 
Proton energies of 300 – 700 keV result in practical penetration depths of a few μm. Similar results are achieved with 
3 MeV carbon beams. The minimum doses to exceed this damage threshold were estimated to be 6.3 × 1016 cm-2 
for 700 keV protons at 4.7 µm and 1.1 × 1015 cm-2 for 3 MeV carbon ions at 1.6 µm penetration depth. Ion beam 
irradiation experiments were carried out using a 6 MeV tandem Van De Graaff accelerator. SCDs have been 
irradiated with protons. Doses varied from 5 × 1015 cm-2 to above 3 × 1017 cm-2. Crystals exposed to doses 
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exceeding 1 × 1016 cm-2 showed a grey coloration after the ion beam exposure. MPACVD deposition was performed 
on these samples with substrate temperatures exceeding 900 °C. After deposition the damage layer appears as a 
thin but incomplete line. The results show that proton irradiation can be used to create graphitization deep inside of 
SCD crystals though the required minimum dose of 3 × 1017 cm-2 is high. 
 
 
 
ECE-37 Differential Geometry Based Co-Ordinate Tranformation For Eddy Current Modelling 

Authors: Saptarshi Mukherjee; Antonello Tamburrino; Satish Udpa; Lalita Udpa 
 
Abstract: U-bend sections are common and critical part of the tubes in steam generators of nuclear power plants. It 
is difficult to numerically compute the physical fields on such complicated geometries since the finite element solution 
is extremely sensitive to the numerical errors. It is also difficult to experimentally check for defects in these sections 
due to the requirement of complicated motion of the eddy current coil. Hence, reliable crack detection largely 
depends upon accurate numerical modeling of the U-bend region.This poster presents a numerical model of 
simulating eddy current distribution within such a U-bend region using coordinate transformation. A differential 
geometry based co-ordinate transformation has been employed to investigate eddy current testing on a complicated 
shaped geometry (U-Bend). The geometries are considered to be invariant along the normal axis, and hence can b e 
interpreted as a 2-D problem. The standard A-V formulation has been derived for the transformed basis, and the new 
metric is used to determine the new constitutive relationships. The similarity between results of the real and 
transformed basis confirms that the formulation is capable of predicting the signatures of real complicated situations. 
 
 
 
ECE-38 Evolutionary Optimization Of Multi-Band Quasi-Optical THz Thin-Film Bandstop Filters 

Authors: Joshua C. Myers; Amanpreet Kaur; Premjeet Chahal 
 
Abstract: Utilization of the terahertz (THz) spectral region is growing in importance for a host of applications. These 
applications include broadband communications, spectroscopy, non-destructive evaluation, biomedical imaging, and 
security [1]. In order to successfully implement THz systems, low-cost passive elements are necessary. Compared 
with components in the microwave and optics spectral regions, THz passive elements are not readily available and 
are difficult to design. Among the many THz passive components, quasi-optical bandpass and bandstop filters are 
necessary in a variety of THz applications. A variety of methods have been used to design these filter, but recently 
interest has grown in using metamaterial structures in the THz spectrum because of inherent design benefits. 
Metamaterial based filters can be designed to achieve a large quality factor (Q) and out of band rejection, as well as 
being low-cost and compatible with fabrication on flex substrates. However, to achieve complex filter designs, such 
as wideband and multiband filters, multiple filter layers are often required [2]-[3]. Adding multiple layers of 
metamaterial structures increases design and fabrication complexity, as well as the size of the filter. The additional 
layers can also impact the Q-factor as well as the bandwidth of the filter due to the loading between elements. In this 
paper, single-layer metamaterial based THz bandpass and bandstop filter designs are presented. The filters are 
constructed with a single metamaterial unit cell, which can then be expanded into an array to be used as a filter. The 
geometry of each unit cell is optimized with a binary genetic algorithm (GA). The GA is implemented with a 3D full-
wave EM solver, HFSS, by developing a HFSS-MATLAB interface. The objective of the GA is to maximize a selected 
filter parameter, such as the filter Q, bandwidth, number of pass/stop bands, or resonance locations. Multiple filter 
designs will be studied showing a tradeoff between the desired optimized parameters mentioned above. The filters 
will be fabricated on flex dielectric substrates using simple cleanroom fabrication methods. Measurement and testing 
of a wide arrangement of filters will also be investigated using a frequency domain THz system to characterize their 
individual resonance spectrums. 
 
 
 
ECE-39 Growth And Characterization Of High Quality, Large Single Crystal Diamond Substrates (SCDs) 

Authors: Shreya Nad; Yajun Gu; Jes Asmussen 
 
Abstract: Exciting properties of diamond like extreme hardness, chemical inertness and wide band gap can be 
exploited in high power electronics and high power optical components. The main obstacle has been the synthesis of 
large (>1cm^2), high purity and defect-free SCDs to overcome the problem of grain boundaries arising in 
polycrystalline diamond (PCD) substrates. Here, we investigate methods of increasing the area of SCD during 
synthesis. It is important to mitigate the growth of the PCD rim which reduces the required SCD surface area. We 
have conducted experiments using several variations of open and pocket holders. By adjusting the dimensions of the 
pocket holder, the PCD rim can be reduced by a factor of 2 or more in comparison to open holders. Designing novel 
substrate holders, which allow the growth of diamond in both longitudinal and lateral directions, will help in obtaining 
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thick large SCD substrates. We have grown high quality (< 300ppb [N] impurities), thick (~2.2mm) SCDs by using 
pocket holders. High growth rates of 25–32μm/h were achieved. These substrates have been synthesized via 
microwave plasma assisted CVD in a microwave cavity plasma reactor whose operating conditions have been 
optimized for an efficient process. Threaded dislocations arising from the HPHT seeds propagate parallel to growth 
direction <100>. After removing the HPHT seed and by flipping the grown CVD SCD by 90° for another synthesis 
step, the propagation of the dislocations can be minimized. By subsequent flipping of substrates, it is possible to 
obtain high quality, large type IIa SCDs. 
 
This work was supported in part by II-VI Block Gift Program 
 
 
 
ECE-40 Self-Structuring Antennas For Phased Arrays 

Authors: Christopher Oakley; Matthew Hodek; Lee Harle 
 
Abstract: A self-structuring antenna (SSA) has been developed to enable scalable and rapidly upgradable phased 
array systems over broad tunable bandwidths. The SSAs are of a patch antenna design, utilizing shorting pins 
distributed throughout the patch face to control current distribution through switch activation. This poster describes 
the SSA concept, the design approach for this application, and presents measured results of two prototype designs. 
 
This work was supported in part by Raytheon Company and the Defense Advanced Research Projects Agency 
 
 
 
ECE-41 Longitudinal Groove Loading Of A Half-Width Microstrip Leaky-Wave Antenna 

Authors: Korede Oladimeji; Jonathan Frasch; Edward Rothwell; Leo Kempel 
 
Abstract: Their utilization in applications requiring high directivity and broadband systems and ability to scan with 
frequency are some of the advantages provided by leaky-wave antennas. Half-width leaky-wave microstrip antennas 
have been studied extensively because of the simplicity of their feeding mechanisms and the ease of fabricating 
them. To date, they have found applications in communications systems and direction-finding. Beam control of such 
half-width leaky-wave antennas can be typically achieved by reactively loading the edge of the microstrip. Various 
methods have been utilized in implementing this loading including lumped capacitors, varactors, and microstrip stubs. 
An alternative to these loading methods is proposed here which involves the inclusion of a longitudinal groove next to 
the shorting wall of the antenna underneath the microstrip and within the substrate. In this case, the desired beam-
scanning is achieved by modifying the dimensions of the longitudinal groove. The possibility of two scanning methods 
is explored. First, frequency tuning while the principle beam-angle is kept constant is investigated. Also, fixed 
frequency tuning of the principle beam-angle is considered. The inclusion of the longitudinal groove is ultimately 
cheaper than other currently used methods and potentially easier to fabricate. The performance of the antenna will be 
demonstrated in the two scenarios mentioned. Simulations showing the impedance and radiation properties, as well 
as the angular extent of the scanning of the antenna will be presented. Experimental results with fabricated antennas 
will also be explored for different scanning scenarios.  
 
 
 
ECE-42 Graph Wavelet Transform: Application To Image Segmentation 

Authors: Alp Ozdemir; Selin Aviyente 
 
Abstract: Recently, there has been a lot of work on extending traditional signal processing methods to irregular 
domains such as graphs. Graph wavelet transform offers a multiscale analysis of graphs similar to traditional 
wavelets. Similar to wavelets which are effective at detecting transients in a signal, graph wavelets can be used to 
detect discontinuities of functions defined on graphs. In this paper, we use this realization to propose a graph wavelet 
based approach to image segmentation. The images are first transformed to the graph domain and the graph wavelet 
transform is used to detect the discontinuities in the pixel domain. 
 
 
 
ECE-43 Sensing Of Torsion Based On A Tubular IPMC Sensor 

Authors: Montassar Aidi Sharif; Hong Lei; Mohammed Al-rubaiai; Xiaobo Tan 
 
Abstract: Typical ionic polymer-metal-composite (IPMC) sensor takes the shape of a beam and is able to measure 
stimuli that bend the beam. In this project, sensing of torsion based on a tubular, thin-wall IPMC sensor is presented. 
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The fabrication process the tubular IPMC is explained in detail. An experimental setup which provides rotational 
movement is used to characterize the sensor response to angular acceleration. The experimental results have 
showed that the response of the sensor is similar in clockwise and counterclockwise rotations for a specific 
acceleration. Finite element analysis is conducted to understand the sensing mechanism. 
 
 
 
ECE-44 Mathematical Modeling Of A Screw Propeller-Based Underwater Robot 

Authors: Pratap Bhanu Solanki; Xiaobo Tan 
 
Abstract: Accurate mathematical modeling of underwater vehicles is critical for navigation and control purposes. In 
this work a dynamic model is derived for a propeller-based underwater robot. A low- cost 10DOF IMU (10 Degree of 
Freedom, Inertial Measurement Unit) is integrated with the robot and calibrated. The IMU is later used in the robot as 
an inertial sensor to estimate the state of the robotic system. The parameters of the model can be further tuned by 
comparing the predicted states of the system with the actual trajectory the robot follows. 
 
 
 
ECE-45 Topography And Mechanical Properties Measurement Using Nanorobot Working In Vibration Mode 

Authors: Bo Song; Ning Xi; Zhiyong Sun; Yongliang Yang; Liangliang Chen; Zhanxin Zhou 
 
Abstract: During recent several decades, atomic force microscopy (AFM) plays an important role of providing 
accurate topography image and near-filed mechanical properties measurement in the nanoscale. AFM enables the 
biomedical studies have a tremendous development from bull experiment to single molecule studies. Mechanical 
properties of single cell have been known as an important indicator or reporter to estimate or predict the state of the 
cells. Traditionally, the Mechanical properties are measured by using “force curve” nano-indentation method that 
works in the “contact mode” which may damage the sample surface. In addition, it is difficult to obtain the accurate 
topography information while measuring the mechanical properties, which makes less meaningful to the mechanical 
properties measurement. In order to address these issues, we present a method called “vibration mode” for the study 
of internal mechanical properties of elastic samples. The vibration mode has a combination of the advantage of 
conventional tapping mode imaging with nanoscale resolution, and the nanomechanical properties mapping using the 
additional deformation induced by vibrating near the resonance frequency of the measured sample. The images of 
mechanical properties map and the topography information can be obtained simultaneously. One of the significances 
of this technology is the non-invasive measurement. The AFM tip is not mechanically contacted with the sample 
surface, which assure the accuracy of the measurement by means of ruling out the affection by the tip-surface 
interactions which are the biggest issue for the current nano-indentation measurement. 
 
This work was supported in part by NSF Grant 1301691, NIH Grant R43 GM084520 
 
 
 
ECE-46 Time Domain Monotonicity Based Inversion Method For Eddy Current Tomography 

Authors: Zhiyi Su; Antonello Tamburrino; Salvatore Ventre; Lalita Udpa; Satish Udpa 
 
Abstract: Monotonicity based methods are a class of newly developed non-iterative inversion methods for 
addressing inverse problems related to partial differential equations (PDE). This poster proposes the monotonicity 
method in the time domain for pulsed eddy current data inversion. A primary inversion strategy as well as numerical 
examples are demonstrated in the poster. This method is suitable for real-time imaging. 
 
 
 
ECE-47 A Computationally Efficient Measure Of Multivariate Phase Synchrony Based On Hyper-Torus 

Synchronization 
Authors: Marisel Villafañe-Delgado, Ali Yener Mutlu; Mahmood Al-khassaweneh; Jason Moser; Selin   

Aviyente 
 
Abstract: Cognitive and sensory processes rely on the coordinated neural activity of multiple regions in the brain. 
The integration of regions involved in such processes has been mostly assessed by means of bivariate phase 
synchrony. However, bivariate synchrony presents various drawbacks in the assessment of large-scale 
synchronization. In particular, it is an indirect measure of the global connectivity in a network, is computationally 
expensive for large networks and difficult to interpret for large connectivity matrices. Multivariate phase synchrony 
measures have been proposed as an alternative to bivariate measures. However, these metrics rely on the 
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synchronization matrix constructed from bivariate synchrony measures, on the average of phases or cluster-based 
methods which are computationally expensive or are not reliable under noise. This work proposes a novel 
multivariate phase synchrony measure based on a hyper-torus representation of multiple oscillators. The proposed 
method is compared to a widely implemented multivariate technique, the S-estimator, and result to be less 
computationally expensive, more robust to noise and exhibits higher synchrony among the central-frontal electrodes 
in an Event-related negativity experiment. 
 
 
 
ECE-48 Nonlinear Biomedical System Identification Using A Set-Theoretic Evolutionary Approach 

Authors: Jinyao Yan; John Deller; Erik Goodman 
 
Abstract: Biomedical systems are complex and are generally nonlinear and time-variant. The modeling of biomedical 
systems therefore presents significant challenges that are not overcome by the classical linear methods. In recent 
decades, arduous research has begun to produce methods for analyzing and modeling isolated classes of nonlinear 
systems, but this vast class of models still presents many challenges, especially in complex biomedical systems. This 
application proposes a novel method for nonlinear system identification. The approach integrates three modeling and 
identification strategies: linear-time-invariant-in-parameters models, set-based parameter identification, and 
evolutionary algorithms for optimization over fitness measures derived from the set solutions. While conventional 
model identification has focused on the estimation of parameters, the proposed method simultaneously addresses 
both selection of the model and parameter estimation. The proposed algorithm can identify biomedical system 
models in different unknown noise scenarios, especially in correlated or multiplicative noise. An medical application is 
currently being analyzed using this algorithm: epileptic seizure prediction and detection. The proposed evolutionary 
model identification has significant potential for further theoretical development. Furthermore, the method significantly 
generalizes model possibilities, with wide applicability to nonlinear filtering, detection, and estimation, and to 
pathological state feature extraction and identification, for an array of biomedical modeling problems. 
 
This work was supported in part by U.S. National Science Foundation under Cooperative Agreement DBI-0939454 
 
 
 
ECE-49 Diamond Schottky Barrier Diodes For High Power, High Temperature Electronics 

Authors: Stephen Zajac; Timothy Grotjohn 
 
Abstract: Diamond semiconductors have the potential to revolutionize electronics. Compared to silicon based 
semiconductors, the breakdown electric field strength is 30 times higher, and the thermal conductivity is 10 times 
higher. These two properties of diamond enable high power, high temperature applications that are impossible with 
silicon based semiconductors. Schottky barrier diodes are fabricated using synthetic diamond grown by chemical 
vapor deposition. Measurements of current/voltage characteristics are taken between room temperature and 300 
degrees Celsius. Reverse bias breakdown voltages of 700 Volts, and forward bias currents of 1 Amp are achieved. 
 
This work was supported in part by ARPA-E 
 
 
 
ECE-50 Compressive Sensing-Based Preisach Hysteresis Model Identification 

Authors: Jun Zhang; David Torres; Nelson Sepulveda; Xiaobo Tan 
 
Abstract: The Preisach hysteresis operator has been adopted extensively in the modeling of magnetic and smart 
material-based systems. In this poster we present a novel compressive sensing-based approach to identify the 
Preisach operator that requires much fewer measurements. Fidelity of the Preisach operator hinges on accurate 
identification of the Preisach density function on the Preisach plane. Existing work on the identification of density 
function usually involves applying an input that contains sufficient excitation and measuring a large set of output data. 
The proposed compressive sensing-based Preisach model identification approach would require much fewer 
measurements. Compressive sensing is an alternative to Nyquist-Shannon sampling theory for acquisition and 
reconstruction of sparse signals. According to the compressive sensing theory, any length-N signal that can be well 
approximated using K coefficients can be faithfully recovered from M =O(Klog(N/K)) random linear projections of the 
signal. The density function is transformed into the frequency domain, generating a sparse signal of discrete cosine 
transform (DCT) coefficients, which can be efficiently reconstructed using compressive sensing algorithms. The root-
mean-square error (RMSE) and the maximum absolute error are adopted to examine the density function 
reconstruction capability and the model estimation performance. The effectiveness of the proposed scheme is first 
illustrated through simulation results. Being an interesting class of smart materials, vanadium dioxide (VO2) 
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undergoes a thermally induced solid-to-solid phase transition, during which the electrical, mechanical and optical 
properties change in a hysteretic way. The effectiveness of the proposed identification approach is further verified 
involving the hysteresis between the voltage input and the deflection output of a VO2 integrated microactuator. 
 
This work was supported in part by National Science Foundation (CMMI 1301243) 
 
 
 
ECE-51 Bolometric Effect Application For The TFT Based On Single Chirality Carbon Nanotubes 

Authors: Suoming Zhang; Le Cai; Tongyu Wang; Jinshui Miao; Qinqin Wei; Nelson Sepúlveda; Chuan 
Wang 

 
Abstract: This paper reports the bolometric effect on thin film transistor using sorted 99% semiconducting Single 
Walled Carbon Nanotubes (SWNTs) and sorted (9,8) SWNTs as channel layer material. We observed when the laser 
is illuminating the channel region of the transistor, the drain current would increase under very positive gate voltage 
while the drain current would decrease dramatically under very negative gate voltage. Furthermore, we found that the 
transistor showed different thermal response upon different laser intensity, which following the trend of the absorption 
spectrum of semiconducting SWNTs and (9,8) SWNTs. That’s to say, our transistor is wavelength-selective. 
 
 
 
ECE-52 Super Resolution Infrared Light Field Imaging Using Single Carbon Nanotube Detector 

Authors: Liangliang Chen; Ning Xi; Zhanxin Zhou; Ruiguo Yang; Bo Song; Zhiyong Sun 
 
Abstract: Computational photography which enhances or extends the capabilities of digital imaging is one of most 
rapidly developing research field in computer vision, image processing and applied optics. The output of these 
techniques can reconstruct information of scene which is not obtained by today's traditional camera. It also opens a 
new approach for light field sensing. In this work, by analyzing optics of single pixel imaging system, we present a 
novel design for single pixel light field camera, which allows for capturing high resolution light field by carbon 
nanotube based infrared photodetector. The spatial light modulator reflects objects and forms a virtual image behind 
the plane in which the mirror lies. It consists of millions micro scale mirror which works as CCD array in camera and it 
is controlled separately so as to project linear combination of object image on lens array. The carbon nanotube based 
infrared detector, which has ultra high signal to noise ratio and fast responsibility, will sum up all image information on 
it, without image deformation. The proposed method will sample multiple angular images through different pin holes 
so that more information is captured. Then, a robust reconstruction algorithm is applied to recover high resolution 
image. The performance of high resolution single pixel light field camera can achieve million pixels image from 
angular images. 
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ENVIRONMENTAL ENGINEERING 
 
ENE-01 Exposure To Higher Doses Of 2,3,7,8-Tetrachlorodibenzo-p-dioxin Causes Changes In Specific 

Bacteria Communities In Mice Gut Microbiota 
Authors: Prianca Bhaduri; Robert D. Stedtfeld; Tiffany Stedtfeld; Kelly A. Fader; Norbert E. Kaminski; 

Timothy R. Zacharewski; James M. Tiedje; Syed A. Hashsham 
 
Abstract: Specific bacteria in the gut including segmented filamentous bacteria (SFBs), Clostridia cluster IV, 
Clostridia cluster XIVa and Bacteroides fragilis are important commensals that are known to respond to changes in 
the intestinal micro-environment and help modulate immune responses. The environmental contaminant, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) has been widely studied as a potent toxin that suppresses immune responses. 
TCDD dose-population abundance studies were conducted to observe changes in the abundance of SFBs within the 
intestine of mice that have been exposed to TCDD. We studied SFB abundances before and after TCDD dosage (30 
µg/kg) in mice and found an increasing trend in SFB populations after dosage. Also, fecal samples were collected 
weekly from mice treated with 0, 0.01, 0.03, 0.1, 0.3, 1, 3, 10 or 30 µg/kg TCDD every four days over a period of 90 
days. The animals exhibited a dose-dependent increase in SFB abundance, with mice exposed to higher doses (3, 
10 and 30 µg/kg TCDD) showing a significant increase in SFB numbers in their intestines. Similarly, a dose-
dependent decrease in Clostridia cluster XIVa (Roseburia spp. and Eubacterium rectale), Clostridia cluster XIVa and 
Bacteroides fragilis were observed in both the short term and long term mice studies. 
 
This work was supported in part by Superfund Research Program (P42ES04911) from the National Institute for 
Environmental Health Sciences 
 
 
 
ENE-02 Groundwater Sustainability In Michigan Lowlands - A Multiscale Analysis 

Authors: Zachary Curtis; Hua-sheng Liao; Prasanna Sampath; Shu-Guang Li 
 
Abstract: This research investigates a coastal hazard that may significantly impact the sustainability of groundwater 
resources in Michigan. Recent analysis of a statewide water quality database (106+ samples) revealed that 
groundwater salinity in low-lying areas of the Lower Peninsula is significantly high. Moreover, this is NOT a result of 
surface contamination (e.g., road salt infiltration). We hypothesize that the contamination originates from below, that 
is to say, upwelling of brine “plumes” from deep bedrock formations is the pollution mechanism and it is driven by 
increased water consumption, effects of climate change, and/or land use changes. Key questions to address include: 
(1) how fast is the saline water moving upward (2) what is the relative importance of human pumping?; and (3) what 
are the management implications? Our approach systematically integrates field measurements, data-driven analysis, 
and process-based modeling to evaluate groundwater sustainability at multiple scales of interest. At the regional 
scale, we analyze large volumes of pre-processed groundwater and geo-spatial data. At the sub-regional and local 
scales, we collect high-quality field data and develop hierarchical groundwater models, using Ottawa County, 
Michigan as the study area. We recently analyzed ~450 geo-referenced groundwater samples for [Cl-] to enable 
water quality mapping and comparative analysis with historical Cl- levels. A county-wide groundwater model was 
developed to test and extend our conceptual understanding of the aquifer system. Preliminary results correlate areas 
with extensive subsurface clay and aggressive groundwater withdrawals to increasingly saline groundwater. Future 
work includes an expansion on data analysis, continued field work, and model development/application. 
 
This work was supported in part by Ottawa County Board of Commissioners (Ottawa Michigan); Michigan 
Department of Agriculture and Rural Development 
 
 
 
ENE-03 Development Of Loop Mediated Isothermal Amplification (LAMP) For Rapid Detection Of 

Dehalococcoides spp. In Groundwater Samples 
Authors: Yogendra Kanitkar; Robert Stedtfeld; Paul Hatzinger; Rob Steffan; Syed Hashsham; Alison 

Cupples 
 
Abstract: Typically, real time quantitative polymerase chain reaction (qPCR) based on the TaqMan probe or DNA 
binding dyes is used to quantify and monitor the in situ activity of Dehalococcoides spp. To date, a wide range of 
qPCR protocols to quantify 16S rRNA genes as well as reductive dehalogenase genes such as vcrA, tceA and bvcA 
are available. Although qPCR methods have been successful for monitoring reductive dechlorination, alternate 



Abstracts of the 2015 Engineering Graduate Research Symposium, Michigan State University   52 

molecular methods that are faster and cheaper, may make quantification of reductive dehalogenase genes in 
groundwater samples easier. In this study, we developed LAMP for rapid and specific quantification of the vinyl 
chloride reductive genes (vcrA and bvcA), in two commercial reductive dechlorinating SDC-9 and KB-1 as well as 
groundwater samples. LAMP primers specific to the vinyl chloride reductive genes (vcrA and bvcA) in 
Dehalococcoides spp. were designed using Primer Explorer V4. DNA templates were prepared using active KB-1 
microcosms or groundwater samples from four distinct monitoring wells located on a recently SDC-9 bio augmented 
groundwater aquifer in Topeka, KS. Threshold times and sensitivities were determined by creating a 10 fold dilution 
series for both template types. Detection limits were evaluated using plasmid standards for both genes. All 
experiments were performed on a thermal cycler. Amplification was observed using LAMP primer sets for both KB-1 
as well as groundwater templates. LAMP can detect the vinyl chloride reductive genes (vcrA and bvcA) in 
Dehalococcoides spp. below 107 gene copies/L, the accepted threshold for natural attenuation. The presence of PCR 
inhibitors in groundwater templates may explain the slightly higher detection limit compared to SDC-9 and KB-1 
templates. Future research will focus on developing the LAMP assay for the detection of 16S rRNA gene as well as 
other reductive dehalogenase genes (pceA and tceA), identifying PCR inhibitors in groundwater and mitigating their 
effects on amplification. 
 
This work was supported in part by Strategic Environmental Research and Development Program 
 
 
 
ENE-04 Field- Based Detection Of Environmental DNA (eDNA) From Aquatic Invasive Species Using Novel 

Technology And Citizen Science 
Authors: Maggie R. Kronlein; Robert D. Stedtfeld; Cathrine Kronlein; Erin Dreelin; Jo Latimore, R. Jan 

Stevenson; Syed A. Hashsham 
 
Abstract: Environmental DNA (eDNA)-based species detection is a promising tool for monitoring and initiating early 
responses to aquatic invasive species (AIS) introductions. Using these genetic-based approaches, populations can 
be detected in much lower abundances and earlier than tradition field survey-based techniques, greatly increasing 
the likelihood of successful control or eradication efforts. While eDNA methods are promising, most require time-
consuming sample processing and DNA extraction steps, all of which require a laboratory. In this study, a field-based 
alternative to traditional eDNA measurement methods was developed which included: i) a rapid sampling technique 
which uses a 35 µm mesh to recover and concentrate larger cells, ii) an extensive volunteer network to allow 
collection of samples from throughout Michigan, iii) isothermal amplification of eDNA using a field-deployable device 
(Gene-Z) and microfluidic chips, and iv) reporting of results through an Android- based application termed iSAW 
(invasive species appearance warning). In all, over 200 samples were collected in the 2014 sampling season from 
inland lakes in the state of Michigan and analyzed for a number of current and high-risk potential invasive species 
including Dreissena polymorpha and bugensis, Limnoperna fortunei, Cercopagis pengoi, Dikerogammarus villosus, 
Bythotrephes longimanus, Daphnia cristata, Channa argus, Neogobius melanostomus, Orconectes rusticus and 
Petromyzon marinus. Results from this study are viewable in the iSAW application as well as on Google Maps. To 
our knowledge, this study represents the first comprehensive invasive species monitoring program of its kind, which 
includes the developed sampling approach, use of a network of sampling volunteers and novel technology. 
 
This work was supported in part by United States EPA Great Lakes Restoration Initiative (GLRI) grant number GL-
00E01127-0 
 
 
 
ENE-05 Temporal Patterns Of Chloride And Sodium In A Suburban Watershed During Snow Melting 

Authors: Eunsang Lee; Huiyun Wu; David T. Long; Thomas C. Voice 
 
Abstract: It has been shown that levels of sodium and chloride in surface waters have been increasing over several 
decades due to the use of deicers on roadways. It has been challenging to study the dynamic behavior of these ions 
because it is difficult to separate the effects of release patterns and pathways from interactions with soils. For 
example, it is well known that sodium can be retained and later released during transport through soils by cation 
exchange. In this study, we collected samples from the Red Cedar River one to two times per day over the course of 
a spring snow-melt event and measured sodium and chloride concentrations. We also collected occasional samples 
from snowpack and puddles on the roadside in order to evaluate locations that could serve as significant sources. 
The results showed that: 1) samples from the river showed a peak in sodium and chloride concentrations early in the 
period of snow-melt, suggesting a first-flush phenomenon, 2) applied deicer was not representative of pure NaCl, 
having a ratio of about 0.5 rather than 1, and 3) Na/Cl ratios from suspected source locations decreased over the 
snow-melt period, while ratios in the stream were stable and similar to those in source locations over the first-flush 
period, but increased afterwards. This suggests that the first-flush of these ions originates largely from residual 
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deicing chemicals proximate to the stream, whereas longer-term behavior is likely linked to longer transport pathways 
with significant interactions between ions and soils. 
 
This work was supported in part by U.S.G.S. Michigan RASA project, MSU Water Initiative and the National Institute 
of Health 
 
 
 
ENE-06 Bacteriophage Diversity And Abundance In Activated Sludge And Potential Applications 

Authors: Camille McCall; Mariya Munir; Terence Marsh; Irene Xagoraraki 
 
Abstract: Bacteriophages have been identified as the largest viral group in the environment, and continue to 
predominate in wastewater treatment plants over any natural aquatic system. Tailed phages constitute the largest 
order of bacteriophages, Caudovirales, which is composed of three families, Siphoviridae, Myoviridae, and 
Podoviridae. Polyhedral, filamentous, and pleomorphic type phages represent a smaller percentage of bacterial 
viruses. Bacteriophages play a large role in the structure of the microbial biosphere and have thus proven themselves 
major influencers in larger systems, such as water and wastewater treatment systems, food, and health industries. 
Since the discovery of bacteriophages in the early 1900’s over 5,000 phages have been recognized by the 
International Center of Taxonomy of Viruses (ICTV). A large concentration of bacteriophages in wastewater treatment 
systems is found in the activated sludge process due to its favorable environment. This study utilizes metagenomic 
analysis to compare the diversity and abundance of phages in the activated sludge of two different wastewater 
treatment processes. It was reported that Caudovirales comprises 92% of affiliated sequences with Siphoviridae 
being the most abundant family of bacteriophages followed by Podoviridae, and Myoviridae. Pseudomonas phages 
were also identified as the most abundant bacteriophage species type in both samples, which give insight into the 
bacterial composition of the activated sludge. This study offers the abundance and diversity of phages in activated 
sludge, which can be utilized to explore possible applications of these phages in food, plant disease control, 
wastewater and water treatment, and medicine. Results show activated sludge as an ideal environment for isolating 
virulent bacteriophages useful for phage applications. 
 
 
 
ENE-07 Screening For Potential Viral Pathogens In Wastewater Effluent And Activated Sludge From An MBR 

And A Conventional Treatment Utility Using Metagenomics Analysis 
Authors: Mariya Munir; Evan O’Brien; Terence Marsh; Irene Xagoraraki 

 
Abstract: Despite recent rapid advancements in water and wastewater treatment technologies, waterborne 
pathogens still remain as one of the major environmental threats to human health. Monitoring of all pathogens with 
conventional methods is not feasible due to time and cost constraints. In this paper, viral diversity of two wastewater 
treatment plant effluents, one a conventional activated sludge (CAS) facility and one a membrane bioreactor (MBR) 
facility, are investigated using metagenomics. Diversity analysis does not provide quantitative data on pathogen loads 
or infectivity but it provides a list of potentially pathogenic viruses that need to be considered in more detail. The most 
abundant potential human viral pathogen observed in our study belongs to taxonomic order Herpesvirales. Other 
potentially pathogenic viruses detected in this study include Poxviridae, Adenoviridae, and Coronaviridae. 
Metagenomic analyses in this study also revealed that a large proportion of sequences could not be assigned to 
taxonomic affiliations even at the phylum/class levels and thus are most likely to be derived from novel, 
uncharacterized microbes. This paper provides guidance on which viral pathogens to monitor in the effluents of 
WWTPs especially in case of wastewater reuse. 
 
 
 
ENE-08 Vinyl Chloride Assimilators DNA Biomarker Design For Future Field Applications 

Authors: Fernanda Paes; Alison Cupples 
 
Abstract: Vinyl chloride (VC) is a common groundwater contaminant and a known carcinogen. The use of 
microorganisms to treat contaminated sites (bioremediation) is a technology with great potential and lower costs 
compared to other remediation approaches. Identifying which microorganisms are key degraders of the targeted 
chemical is important if bioremediation is desired. Here, stable isotope probing (SIP) was combined with Illumina 
sequencing and used to identify microorganisms able to uptake carbon from the 13C- labeled VC in a mixed culture. 
Microcosms were constructed using mineral media, micronutrients, mixed culture and amended with 13C-labeled or 
12C-unlabeled VC. On days 3 and 7, 13C-labeled and 12C-unlabeled VC microcosm’s replicates were sacrificed for 
DNA extraction. DNA was ultracentrifuged, fractioned, and the fractions of greater buoyant density (heavy fractions) 
were subject to Illumina sequencing. Specific primers (biomarkers) were designed for the identified phylotypes using 
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Primer-BLAST. The new primers were tested for specificity by Sanger sequencing and used in qPCR assays across 
the buoyant density gradient to confirm label uptake by these phylotypes. Four phylotypes were identified as VC-
assimilators: Nocardioides, Sediminibacterium, Aquabacterium and Variovorax. Both previously identified VC-
assimilating (Nocardioides) as well as novel genera, were responsible for VC-carbon uptake (or VC degradation 
products). The designed biomarkers were successfully validated to the tested culture. Using biomolecular 
technologies to assess VC-assimilators from mixed cultures is important because there is likely a greater diversity of 
VC-assimilators in the environment than is currently represented in pure culture. The biomarkers designed in this 
work could be helpful to assess these phylotypes in future field studies. 
 
This work was supported in part by NSF; SERDP 
 
 
 
ENE-09 Biological Degradation Of Carbamazepine In Anaerobic Soils 

Authors: Jean-Rene Thelusmond; Alison M. Cupples 
 
Abstract: Carbamazepine (CBZ) is an anti-epileptic drug encountered in wastewater effluent and surface water due 
to its refractory behavior to biodegradation during wastewater treatment. Introduced into agricultural soils primarily via 
irrigation with reclaimed wastewater and biosolids application, CBZ has been recognized to accumulate in soils. This 
study aims at investigating carbamazepine biodegradability in soils subjected to anaerobic conditions and 
determining the responsible microorganisms. Prior to establishing the microcosms and measuring degradation, 
methods were developed in order to extract spiked CBZ from soils by using the modified QuECHERS which stands 
for “quick, easy, cheap, effective, rugged, and safe.” The extraction procedure consisted of adding acetonitrile to soil-
CBZ-deionized water mixture before slowly and continuously adding the QuECHERS buffer. The extraction was then 
followed by the purification of the extracts by solid phase extraction (SPE) using a strong anion exchange cartridge 
(SAX) in tandem with a polymeric cartridge (Oasis HLB) before the samples were analyzed by liquid chromatography 
electrospray tandem mass spectrometry (LC-ESI-MS/MS) performed on a 3200 QTRAP. Ascentis ® Express C18 
column was used, and the mobile phases were (A) 1% formic acid in MilliQ water and (B) acetonitrile. The flow rate 
was 0.3 ml/min and the injection volume 10 µl. The average recovery for CBZ in soil was 103.78±1.42 for the tested 
concentration (500 ng g-1). On-going research focuses on determining CBZ biodegradation rates in three agricultural 
soils. In addition, the effect of CBZ on soil microbial communities will be investigated with high throughput 
sequencing. 
 
This work was supported in part by U.S Department of Agriculture (USDA) 
 
 
 
ENE-10 Utilizing Fermention Byproducts To Enhance Hydrogen Production Using Spinel Photocatalysts 

Authors: Xiaoyu Wang; Susan Masten; Simon Davies 
 
Abstract: Recent research in fuel cell technology using hydrogen to store solar energy in a photovoltaic array still 
cannot meet the demand for electricity, so semiconductor photocatalytically mediated water splitting has been widely 
investigated. However, with a narrow band absorbing visible light, a semiconductor is often not sufficiently energetic 
to oxidize water. Using organic wastes or wastewater containing fermented biomass with spinel photocatalysts is 
supposed to solve the problem and improve hydrogen production. The objective of this study is to test the ability of 
several compounds commonly found in fermented biomass to produce hydrogen using spinel photocatalysts and 
sunlight, select a limited number of scavengers effective for hydrogen production, and clarify the factors that affect 
the efficacy of hole scavengers enhances hydrogen production for obtaining higher solar energy storage efficiency in 
photocatalyst system in the future. Therefore, we will produce heterojunction photocatalyst and examine the extent to 
which the intermediates formed during its photodegradation enhance hydrogen production. In the system, selected 
organic compounds in the fermented biomass are expected to improve photocatalytic hydrogen production as 
sacrificial hole scavengers by orders of magnitude compared to that in the absence of scavengers. This proposed 
process would oxidize the organic material in the waste and at the same time produce energy. 
 
This work was supported in part by Discretionary Funding Initiative MSU Internal Funding; MSU College of 
Engineering; Department of Civil and Environmental Engineering 
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ENE-11 Wind Fetch Length Impacts On Coastal Bacteria Loading In Southwestern Lake Michigan 
Authors: Chelsea Weiskerger; Meredith Nevers; Phanikumar Mantha; Richard Whitman 

 
Abstract: The bacterial content observed at beaches along Lake Michigan’s southwestern shore varies on both 
temporal and spatial scales. Previous research indicates that these variations are caused by both point and nonpoint 
sources of contamination, but it is reasonable to think that physical and geological conditions also have effects on the 
bacterial loading at these beaches. In this study, daily wind fetch length was characterized at twenty beach sampling 
sites in Chicago, Illinois, over the course of three field seasons. These daily wind fetch lengths were compared to 
daily counts of Escherichia coli (E. coli) bacteria at each location, to determine the extent of influence that wind fetch 
length has on bacterial loading and risk of beach closure due to high E. coli counts.  
While the resulting data do not suggest a direct influence of wind fetch length on raw bacterial counts, a Spearman 
Correlation test indicates that among the beaches, wind fetch length is significantly correlated (α = 0.01) with high risk 
of beach advisory or closure. The data show that as wind fetch length decreases, probability of advisory or closure 
due to contamination increases. This may be due to the prevalence of embayments and breakwaters along Chicago’s 
shore. Prevailing winds are often out of the north and run along the shoreline in Chicago. These embayments and 
breakwaters decrease wind fetch length while increasing the capacity for the shore to trap bacteria over time, thus 
leading to high contamination rates and risk of advisory or closure. 
 
This work was supported in part by United States Geological Survey, contract G13PX01435 
 
 
ENE-12 Temporal Patterns Of DOC And K+ Concentrations In Salted Urban Watersheds 

Authors: Huiyun Wu; Eunsang Lee; Thomas Voice; David Long 
 
Abstract: First flush refers to a phenomenon where the concentrations of chemical species increase dramatically 
before the peak of flow during a runoff event. In this study, we measured the temporal concentration patterns of 
dissolved organic carbon (DOC), potassium (K+) and specific ultraviolet absorbance (SUVA) at 254 nm, and 
evaluated the relationship of these parameters to streamflow rate, soil temperature, precipitation and snow-pack 
depth for a spring snow-melt event in 2014 and 2015.  In 2014, it was found that DOC exhibited first-flush behavior, 
with a series of concentration peaks that decreased with subsequent precipitation/melting events.  Average DOC 
concentrations increased over the melting period, nearly doubling.  The trends for K+ were similar.  Preliminary 
analysis of 2015 data shows that SUVA 254 increases over the first-flush peak.  Since DOC originates largely 
degradation of plant material on the landscape and SUVA measurements provide insight into the extent of 
degradation, the results may inform our understanding of sources and transport pathways.  This will be explored in 
further analysis of the data collected. 
 
This work was supported in part by DEQ 
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MATERIALS SCIENCE 
 
MSE-01 Swift Heavy Ion Irradiation Damage In Ti-6Al-4V And Ti-6Al-4V-1B: Study Of The Microstructure And 

Mechanical Properties. 
Authors: Aida Amroussia; Carl J. Boehlert;Florent Durantel; Clara Grygiel; Wolfgang Mittig; Isabelle Monet; 

Frederique Pellemoine 
 
Abstract: Due to their excellent mechanical properties, corrosion resistance, fatigue strength, low density and low 
activation under irradiation, titanium (Ti) alloys are currently being considered for use as a structural material for the 
beam dump shell for the Facility for Rare Isotope Beams (FRIB): A new generation accelerator with high power heavy 
ion beams. The capability of the FRIB to operate at full beam power depends on the beam dump being able to absorb 
up to a 325 kW beam power (with primary Beam from O to U). Ti-6Al-4V (grade 5) is the preferred candidate for this 
beam dump shell material. A significant increase of beam dump lifetime with respect to fatigue due to thermal cycling 
can be expected for the rotating beam dump if Ti-6Al-4V with an addition of 1% boron (Ti-6Al-4V-1B) is used [1]. Two 
sets of samples of both Ti-6Al-4V and Ti-6Al-4V-1B were irradiated at the IRRSUD beam line at the GANIL CIMAP, 
Caen France with swift heavy ion beams respectively 36Ar (36MeV, Se =7.5keV/nm) and 131Xe (92MeV, Se =19.7 
keV/nm).  The samples were polished and etched before irradiation and selected areas on the surfaces of the 
samples were characterized before and after irradiation using Scanning Electron Microscopy and Electron 
Backscatter Diffraction. In addition, Vickers hardness and nano-indentation measurements were also used to probe 
the change in hardness and elastic modulus as a function of the depth. The poster will describe irradiation setups and 
the post irradiation techniques used to characterize the material. The results indicate a low-radiation damage 
sensitivity in both materials. [1] W. Chen, C. J. Boehlert (2009). Materials Transactions,, Vol. 50, No. 7 pp. 1690 to 
1703. 
 
This work was supported in part by U.S. Department of Energy Office of Science under Cooperative Agreement DE-
SC0000661, the State of Michigan and Michigan State University 
 
 
 
MSE-02 Contraction Twinning Dominated Tensile Deformation And Subsequent Fracture In Extruded Mg-1Mn 

(wt%) At Ambient Temperature 
Authors: Ajith Chakkedath; C.J. Boehlert; J. Bohlen; S. Yi; D. Letzig 

 
Abstract: Due to superior strength-to-weight ratio, Mg alloys are attractive for applications where weight savings are 
critical. However, limited cold formability of wrought Mg alloys severely restricts its widespread usage. This is partly 
attributed to the insufficient number of independent deformation systems to accommodate uniform elongation 
according to von Mises criterion. However, additional mechanisms might play a role in limited elongation-to-failure. In 
order improve the cold formability of Mg alloys it is critical to understand the mechanisms that limit the elongation-to-
failure. In this study, we are reporting a contraction twinning based mechanism responsible for failure at lower strains 
under tensile loading in extruded Mg-1Mn (wt%). The alloy studied is of interest for a variety of applications including 
biomedical applications. Contraction twinning dominated the tensile deformation in extruded Mg-1Mn (wt%) at 50°C. 
The contractions twins evolved in to {10-11}-{10-12} double twins which accounted for the formation of shear bands in 
the twinned volume. The formation of shear bands was expected to be due to the enhanced activity of basal <a> slip 
in the twinned region. With an increase in strain, cracks were developed along the shear bands which eventually 
resulted in shear failure. The activity of contraction twinning decreased with increase in temperature, and at 250°C no 
contraction twinning was observed. This was expected to be due to the lower CRSS value for pyramidal <c+a> slip 
compared to contraction twinning at elevated temperatures. The deformation at 150°C and 250°C was dominated by 
slip mechanisms. Thus, the improved elongation-to-failure at elevated temperatures was attributed to the limited 
activity of contraction twinning. 
 
This work was supported in part by NSF Division of Material Research “Materials World Network” (Grant No. 
DMR1107117) 
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MSE-03 Electrospun Carbon Nanofiber Supports For Bioelectrodes 
Authors: Duyen Do; Cenk Gumeci; Scott Calabrese Barton 

 
Abstract: High surface-area electrospun carbon nanofiber (CNF) supports for bioelectrodes are introduced to 
enhance enzyme utilization. This study employed Glucose Oxidase (GOx) in a redox hydrogel system, which 
mediates electron transfer via Osmium (Os2+/Os+) centers, to create a glucose bioelectrode. The strategy was to 
enhance the transport of electrons via the redox mediator by reducing the average hydrogel thickness at fixed 
hydrogel volume. The tunable electrospun carbon fiber reduces hydrogel film thickness via uniform distribution on 
small fibers of high surface area. Glucose oxidizing current density at electrodes made from electrospun carbon 
nanofiber and several commercial counterparts suggest a possibility for low-cost fibers, in a diameter range below 
100 nm, that enable high current density (~8.5 mA/cm2) comparable to multiwalled carbon nanotubes (MWCNTs). To 
adjust electrospun CNF size, various concentrations of Polyacrylonitrile (PAN)/ Dimethylformamide (DMF) precursor 
solution (7 wt% to 14 wt%) were spun in a high voltage field prior to oxidation, stabilization and carbonization in Argon 
environment at two temperatures, 850°C and 1100°C. Graphitization of CNFs increased with the increasing heat 
treatment temperature, demonstrated by Raman spectroscopy, leading to increased conductivity. CNFs based on 7 
wt% PAN/DMF carbonized at 1100°C had a diameter of 150 nm (a decrease from 250 nm uncarbonized PAN fibers), 
and showed good performance in electrochemical characterization compared to MWCNT electrodes. 
 
 
 
MSE-04 Investigation Of Strain Transfer Across Grain Boundaries In Commercially Pure Tantalum 

Authors: Bret Dunlap; Philip Eisenlohr; Claudio Zambaldi; David Mercier; Yang Su; Thomas Bieler; Martin 
Crimp 
 
Abstract: In order to investigate heterogeneous deformation across grain boundaries in commercially pure tantalum, 
nanoindentation was carried out near and far from boundaries to induce bi-crystal and single-crystal deformation. 
Electron backscatter diffraction orientation mapping was used to measure grain orientations and grain boundary 
misorientations. Grain boundary inclinations were determined using focused ion beam cross-sections. Indent pile-up 
topographies were characterized through atomic force microscopy. Using a topography subtraction procedure, single 
and bi-crystal indents were compared and used to examine grain boundary effect on strain transfer. Crystal plasticity 
finite element simulations of bi-crystal indents were performed. To ensure efficient generation of the finite element 
models, a graphical user interface was used to input the experimental conditions into the simulations. Using the same 
subtraction procedure, differences between the simulations and experiments were quantified. Dislocation activity 
around the indents was assessed using electron channeling contrast imaging and compared to activated systems 
identified by the simulation. 
 
This work was supported in part by Sandia National Lab, NSF, DFG, and DOE-BES 
 
 
 
MSE-05 Carbonate-Doped P-Type Mg2Si0.4Sn0.6 Materials 

Authors: Peng Gao; Tim Hogan 
 
Abstract: The Mg2(Si,Sn) materials are promising candidate materials for thermoelectric power generation 
applications in the 500-800K temperature range. There have been extensive studies on the n-type Mg2(Si,Sn) 
materials while the p-type compounds were less extensively investigated. A carbonate-doping approach was used in 
our research to improve the ZT of the p-type Mg2Si0.4Sn0.6 materials. It was found that the alkali metal carbonate 
had the similar doping effect on the Mg2Si0.4Sn0.6, compared with pure alkali metal. Lithium carbonate (Li2CO3) 
was found to be the most effective dopant among all the carbonates. A state of art ZT~0.6 for p-type Mg2(Si,Sn) 
materials was found in the Li2CO3-doped Mg2Li0.05Si0.4Sn0.6 materials. 
 
This work was supported in part by DOE--EFRC 
 
 
 
MSE-06 Study Of Slip In High Purity Single Crystal Nb For Accelerator Cavities 

Authors: Di Kang; Derek Baars; Thomas Bieler; Chris Compton 
 
Abstract: High purity Nb has been used to build accelerator cavities over the past couple decades. The study of slip 
and dislocations using single crystal Nb is an initial step towards understanding the metallurgical state evolution of 
large grain Nb during cavity fabrication. Two groups of specimens with different orientations were extracted. The first 
group was deformed monotonically to 40% engineering strain. Analyses suggest that slip on {112} planes controlled 



Abstracts of the 2015 Engineering Graduate Research Symposium, Michigan State University   58 

the hardening behavior. The second group was heat treated at 800ºC for two hours, and then deformed incrementally 
to 40% engineering strain. Results indicate that {110} slip was favored instead. Activated slip systems were verified 
using the crystal rotations with deformation. The variation in initial specimen states poses a challenge to interpreting 
and predicting the deformation behavior of Nb. 
 
This work was supported in part by U.S. Department of Energy, Office of High Energy Physics, through Grant No. 
DE-FG02-09ER41638 
 
 
 
MSE-07 Molecular Dynamics Studies Of Diffusion Dynamics During Lithiation Of Si Electrode: Increasing Si 

Vacancies Can Improve The Lithiation Rate 
Authors: Kwang Jin Kim; Yue Qi 

 
Abstract: The study of diffusion properties upon lithiation is important and challenging topic since the stress 
generation and rate performance of electrodes for lithium-ion batteries are affected by diffusion of active materials. 
This issue becomes more intriguing for Si anodes, whose ultrahigh capacity is accompanied by 300% volume 
expansion and structural changes occurring upon lithiation which results in mechanical fracture, capacity loss, and 
limited cycle life. In order to study diffusion kinetics of both Si and Li during lithiation, we performed MD simulations 
using reactive force field. To study the characteristic diffusion patterns among different Si surface orientations, we 
computed local concentrations corresponding to lithiation direction. We find out that Li diffusion patterns are affected 
by the location of (111) planes, which Li atoms proceed by layer-by-layer peeling off of {111} atomic facets. We also 
studied the relationship between concentrations and diffusion coefficients of Li by correlating the local MSD and 
RMSD with corresponding local concentrations. Our results clearly demonstrate diffusion of Li is concentration 
dependent, where higher lithium concentration results in faster diffusion. To further understand the control factor of 
concentration dependent diffusion, we introduced 10% random vacancy in Si and Li and studied the movement of the 
reaction front. We find that Si vacancy accelerates the movement of the reaction front which clearly indicates that 
movement of Si is the rate-limiting factor. These findings provide great insight into understanding lithiation process 
and increasing the lithiation rate, which contribute to enhance the rate performance of Si anode. 
 
 
 
MSE-08 Atomistic Simulation Of Phase Transformation In Al Dope Li7La3Zr2O12 

Authors: Matthew Klenk; Wei Lai 
 
Abstract:  
The fast ion conducting lithium garnet oxide Li7La3Zr2O¬12 (LLZO) has been studied as a suitable solid electrolyte 
to replace conventional separators in lithium ion batters due to its stability to lithium metal and high ionic conductivity 
which approaches 10-3 Scm-1. However, pure LLZO exhibits two phases: a high temperature cubic and low 
temperature tetragonal phase. Only a stabilized cubic phase is highly conductive at ambient temperature and various 
cation doping strategies have been employed to stabilize the cubic phase. This study investigates the role of 
aluminum in modifying the local structure and dynamics of lithium in AlxLi7-3xLa3Zr2O12 (Al-LLZO) using energy 
minimization (GULP1) and molecular dynamic simulations (DLPOLY_Classic2). Various studies have reported that 
aluminum stabilizes cubic LLZO at lower temperatures, but the mechanism through which this is achieved is still 
debated. Previous work by our research group investigated the thermally induced phase transformation of LLZO.3 
With sufficient thermal energy lithium will overcome the configurational entropy of LLZO resulting in disorder about 
lithium sites which in turn drives the phase transformation from tetragonal to cubic. Energy minimization simulations 
show that the doping of aluminum into LLZO results in aluminum replacing lithium at tetrahedral sites. The 
electrostatic repulsion of aluminum forces neighboring lithium to previously unoccupied 16e tetrahedral sites inducing 
lithium disorder similar to the thermally induced disorder of pure LLZO. References J.D. Gale; A.L. Rohl. Mol. Simul. 
2003, 29, 291-341.  Smith, W.; Forester, T. R. J. Mol. Graphics 1996, 14, 136−141. Klenk; Lai. Phys. Chem. Chem. 
Phys.,2015, DOI: 10.1039/c4cp05690f. 
 
This work was supported in part by Ceramics Program of National Science Foundation (DMR-1206356) 
 
 
 
MSE-09 Comparing The Predictions Of Non-Schmid And Schmid Crystal Plasticity Models For BCC Materials 

Authors: Aboozar Mapar; Thomas Bieler; Farhang Pourboghrat 
 
Abstract: Classical crystal plasticity does not accurately predict the deformation behavior of BCC single crystals. 
One reason for this short coming is that the deformation of BCC single crystals does not follow the Schmid law. In 
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fact, stresses non-parallel to slip direction or non-planar with dislocation line affect the critical stress necessary to 
activate the dislocation motion. This is usually modeled through non-Schmid crystal plasticity. In this study a Schmid 
and a non-Schmid crystal plasticity are developed and used to predict the deformation behavior of single crystal 
Niobium (BCC). The predictions of these two models are then compared. 
 
 
 
MSE-10 Tensile, Creep, And Fatigue Analysis Of Friction Stir Welded Al 2139-T8 Alloy 

Authors: Uchechi Okeke; Tomoko Sano; Jian Yu; Chian-Fong Yen; Carl Boehlert 
 
Abstract: Aluminum alloys are commonly used for structural applications due to their high strength and low weight. 
Welding techniques are often applied to join two or more aluminum alloy plates together. The welding process 
introduces heat, plastic deformation, and chemical variation into the weld joints and modifies the microstructure, 
strength, and elongation-to-failure of the welded region. The Al 2xxx alloy series is difficult to weld using conventional 
methods, therefore friction stir welding is being studied. Samples studied were extracted from two plates of Al 2139-
T8 alloys friction stir welded together. Electron backscattered diffraction was performed on the cross section of the 
weld. Hardness testing was performed on the base metal (BM) and the friction stir welded (FSW) regions. Tensile, 
fatigue, and creep tests were performed on the BM and FSW regions. The results of the room temperature fatigue 
tests at 100, 150, 200, and 250 MPa indicated no significant differences in performance between the BM and the 
FSW regions. The creep test results at 250C and 300C at 25MPa and 50MPa reveal that the FSW region has 
significantly poorer creep resistance than the BM samples. Backscattered electron (BSE) images were taken of the 
microstructures of failed samples of both tests to try to understand the different fracture behaviors of the materials. 
 
This work was supported in part by National Science Foundation Division of Material Research (Grant No. 
DMR1107117); material was provided by the U.S. Army Research Lab 
 
 
 
MSE-11 Characterization Of Twinning Behavior And Corresponding Crystal Plasticity-Based Modeling In 

Commercial Purity Titanium 
Authors: H. J. Phukan; C. Zhang; P. Eisenlohr; L. Wang; J.S. Park; P. Kenesei; T. R. Bieler; D. Mercier; M. 

A. Crimp 
 
Abstract: A clearer understanding of the micromechanical conditions favoring the nucleation and growth of extension 
(T1) twins in alpha titanium is sought using far field 3D X-ray diffraction from a synchrotron source at the APS. In-situ 
characterization of eleven 100 micron thick layers along the gage length of a highly textured tensile sample were 
recorded. T1 twin–parent grain pairs were identified using criteria for c and a axis misorientation and spatial proximity. 
The possibility of twin nucleation by slip transfer, or twin-induced shear transfer across a grain boundary was 
assessed using slip transfer parameters. From the grain center-of-mass positions, a 3D representation of the 
measured microstructure was constructed using Voronoi tessellation. The experimental average grain stress tensor 
values were compared to results from a spectral method crystal plasticity simulation, and computed local stress 
states at twin nucleation sites were assessed. Supported by NSF Materials World Network grant NSF-DMR-1108211. 
 
This work was supported in part by Materials World Network, National Science Foundation, use of APS supported by 
the Office of Basic Energy Sciences, Department of Energy 
 
 
 
MSE-12 Engineering Poly(lactide) For Blown Film Applications 

Authors: Jeff Schneider; Xiangke Shi; Ramani Narayan 
 
Abstract: Epoxy Functionalized Poly(lactide) (EF-PLA) was synthesized by reacting PLA with a multifunctional epoxy 
polymer (MEP) using reactive extrusion (REX) processing. These polymers can function as a rheology modifier for 
PLA and a compatibilizer for other biopolyesters in blown film and foam applications. Model compound studies show 
that the epoxy functional group on the MEP reacts selectively with the carboxylic acid chain-ends of PLA at 
processing temperatures below 200C. An EF-PLA containing up to 10% MEP was prepared without gel formation and 
reactively extruded with neat PLA to obtain three different product formulations containing MEP (0.25%, 0.5%, and 
1.0%). These products showed significantly enhanced rheological properties compared to what has been reported by 
other groups and is currently used in the PLA blown film industry, the blending of MEP with PLA in a single step. 
These benefits are a result of how the MEP gets distributed in the material, and can lead to improved properties even 
at lower MEP concentrations. Our new materials showed significant strain hardening rheological behavior 
demonstrating that they can be readily blown into films and foams. A statistical simulation was developed to provide a 
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fundamental understanding of the reaction as well as provide information on the molecular weight characteristics and 
reactivity of the EF-PLA. The EF-PLA molecule shows good potential for use as a rheology modifier and 
compatibilizer. It has been successfully used in the production of biobased films at the commercial scale. 
 
This work was supported in part by National Science Foundation (NSF) for funding this project under Grant #1127552 
 
 
 
MSE-13 Preparation Of Poly (Lactic Acid)/Polystyrene Bioblend Hollow Microparticles Embedded With 

Nanoparticles Via A One-Step Emulsion-Diffusion Method 
Authors: Anna Song; Shaowen Ji; Chris Tawfik; Ilsoon Lee 

 
Abstract: Poly (lactic acid) (PLA) is a highly potential drug delivery carrier because of its biodegradation and 
biocompatibility. However, the brittleness and high cost of PLA limit its application. PLA combined with polystyrene 
(PS) has been considered as a potential bioblend for biomedical applications. In this work, PLA and PS have been 
dissolved in ethyl acetate under heating, which is a good solvent for PLA but a non-good solvent for PS. This PLA/PS 
blending solution has then been mixed with a 1:1(v/v) water/glycerol system to form an oil-in-water emulsion, which is 
followed by the diffusion process to obtain the spherical particles. From the SEM result, hollow microparticles 
embedded with nanoparticles can be clearly observed. Electron energy loss spectroscopy (EELS) will be employed to 
define the composition of the dispersive nanoparticles and the continuous phase of the microparticles, respectively. 
This type of microparticles can be used to design a “two-stage” release system for drug delivery due to the two 
separated polymer phases and will be tested in the future work.  
 
This work was supported in part by SPG funding 
 
 
 
MSE-14 Quantifying Deformation Processes Near Grain Boundaries In Alpha Titanium Using 

Nanoindentation And Crystal Plasticity Modeling 
Authors: Yang Su; Claudio Zambaldi; David Mercier; Philip Eisenlohr; Thomas Bieler; Martin Crimp 

 
Abstract: To understand the roles that different grain boundaries play in plastic deformation of commercially pure 
titanium, instrumented sphero-conical nanoindentations were placed at preselected grain boundaries where 
corresponding grain orientations had been mapped by electron backscatter diffraction. The topographies of the 
nanoindents were measured using atomic force microscopy. The effects of grain boundary misorientation and 
boundary inclination (determined by focused ion beam sections) on indentation pile-ups were categorized by slip 
transmission parameters. Corresponding bi-crystal indentations simulations were carried out using crystal plasticity 
finite element (CPFE) models to better understand the details of the mechanical response of the grain boundaries to 
different slip systems. The constitutive parameters for these CPFE simulations were adjusted through an optimization 
process that matches simulated to experimental topographies of indents collected in grain interiors [Zambaldi et al. J. 
Mater. Res. 27, 356–367 (2012)]. The ability of the current CPFE method to predict bi-crystal grain boundary 
response to plastic deformation has been evaluated for different grain boundaries with the aim of implementing grain 
boundary behavior in to the CPFE polycrystal simulations. 
 
This work was supported in part by NSF Materials World Network Grant DMR-1108211 and corresponding DFG grant 
ZA523/3-1 
 
 
 
MSE-15 Reduction Of The Thermal Conductivity Of PtSb2 For Low Temperature Thermoelectric Use 

Authors: Spencer Waldrop; Donald Morelli 
 
Abstract: Effectively cooling space based electrical systems is inherently difficult due to the sensitivity of the 
machinery, the challenges of transportation into space, and the extremely low temperatures that must be achieved. 
Current high efficiency thermoelectric materials are designed to operate at above room temperature and are ill-suited 
for the task of cooling to temperatures of 150 K or below. Previous study has shown that PtSb2 has potential to be a 
material useful for this purpose. One of the main inhibitors to the use of PtSb2 is the inherently high thermal 
conductivity that it exhibits. Utilizing the substitution of Pd for Pt a reduction in the thermal conductivity of the material 
can be achieved which may increase its efficiency substantially. Samples were made with a composition of Pt1-
xPdxSb2 where x= 0.05 to 0.50. The reduction of thermal conductivity via this method proved successful with a 
reduction from 35 Wm-1K-1 to less than 6 Wm-1K-1 at low temperatures. A moderate change in the electrical 
resistivity and Seebeck coefficients resulted in improved efficiency in some samples at temperatures greater than 180 
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K. These results inspire further research into the substitution of Pd for Pt to discover at what composition the thermal 
conductivity is minimized and the efficiency is maximized. 
 
This work was supported in part by Air Force Office of Scientific Research under the Multi-University Research 
initiative (MURI), “Cryogenic Peltier Cooling,” Contract No. FA9550-10-1-0533 
 
 
 
MSE-16 Analysis Of Slip Activity And Deformation Modes In Tension Tests Of Cast Mg-10Gd-3Y-0.5Zr (wt.%) 

At Elevated Temperatures Using In-Situ SEM Experiments 
Authors: Huan Wang; Carl Boehlert; Qudong Wang 

 
Abstract: The tension behavior of a cast Mg-10Gd-3Y-0.5Zr (wt.%, GW103) alloy at elevated temperatures was 
investigated using in-situ observation inside a scanning electron microscope (SEM). The tests were performed at 473 
K, 523 K, 573 K and 598 K. Both the ultimate tensile strength and the yield strength of the studied alloy decreased 
with increasing temperature. The active slip systems were identified for each test using an EBSD-based slip trace 
analysis, and the global stress state Schmid factor distribution for the activated systems was summarized. The results 
showed that for all of the tests, basal slip was the most likely system to be activated, and non-basal slip was activated 
to some extent depending on the temperature. No twinning was observed. Non-basal slip consisted of ~35% of the 
deformation modes at low temperatures (473 K and 523 K), while basal slip consisted of between 88% to 93% of the 
deformation modes at high temperatures (573 K and 598 K). Pyramidal <c+a> slip was more easily activated 
compared to prismatic <a> slip with increasing temperature. Slip-transfer in neighboring grains was prevalently 
observed for the low-temperature tensile tests. Intergranular cracking occurred at grain boundaries nearly 
perpendicular to the loading axis during tension. Grain boundary ledges were prevalently observed for the tensile 
tests at high temperatures (573 K and 598 K), which suggests that besides dislocation slip, grain boundary sliding 
contributed to the deformation. 
 
 
 
MSE-17 Dislocation-Magnetic Field Interactions In Nb Used For Superconducting Particle Accelerator 

Cavities 
Authors: Mingmin Wang; Di Kang; Zuhawn Sung; Peter J. Lee; Anatolii A Polyanskii; Christopher C 

Compton; Thomas R. Bieler 
 
Abstract: Pinning of magnetic flux usually occurs at local surface defects within Nb superconducting radio frequency 
cavities during operation at 2-4K. This leads to power dissipation (hot spots) that degrade the cavity performance. 
Thus the relationship between dislocations produced from controlled mechanical deformation and magnetic flux 
pinning is investigated. Laue X-ray characterization of ingot slices and EBSD-OIM crystallographic analysis are used 
to identify crystallographic orientations and orientation gradients of single crystal Nb samples deformed in tension. 
Cryogenic magneto-optical imaging is used to characterize the behavior of magnetic flux on the deformed Nb. By 
selecting grain orientations to favor specific dislocation slip systems in tensile testing, dislocations are generated on 
primary and secondary slip systems. TEM is used to identify defects and their distributions close to the Nb surface. 
Their effect on flux pinning in single crystal Nb is assessed, and compared to deformation expected in typical cavity 
forming processes. 
 
 
 
MSE-18 The Efects Of Sn Substitution On The Thermoelectric And Phase Transition Properties Of Ge4SbTe5 

Authors: Jared B. Williams; Spencer Mather; Donald T. Morelli 
 
Abstract: The world’s energy demands have continued to increase over the past century, and the method of 
producing energy is primarily through the burning of hydrocarbon based fuels such as gas, coal, and oil. To avoid the 
use of nonrenewable energy sources research is being dedicated to find alternative and renewable sources of 
energy. Among the many new forms of energy harvesting technologies are thermoelectric materials. Thermoelectric 
materials possess the ability to convert wasted thermal energy into electrical energy through solid-state processes. 
The efficiency of this process is constrained by the Carnot efficiency and ZT, the dimensionless figure-of-merit, which 
is dependent on the intrinsic electrical and thermal properties of the thermoelectric material at hand. Though the 
materials have the potential to increase the efficiency of modern energy sources, the materials still have many 
obstacles to overcome: such as price, efficiency, and toxicity of materials used. It was recently shown that Ge-Sb-Te 
based phase change materials exhibit high thermoelectric efficiencies above 673 K. The following work has studied 
Ge4SbTe5 and the effects of substituting Sn atoms on the germanium site. The substitution of Sn for Ge scatters 
heat-carrying phonons and thereby reduces the thermal conductivity, which is beneficial for thermoelectric 
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conversion. The substitution of Sn also alters the phase transition properties of Ge4SbTe5, which undergoes a 
transition from the cubic rocksalt phase to the rhombohedral phase at 473 K. 
 
This work was supported in part by Revolutionary Materials for Solid State Energy Conversion, and Energy Frontier 
Research Center sponsored by the Department of Energy 
 
 
 
MSE-19 Analysis Of The Subsurface Slip Activity During Plastic Deformation Using Crystal Plasticity Finite 

Element Method With Realistic 3D Microstructure 
Authors: Chen Zhang; Philip Eisenlohr; Thomas R. Bieler; Martin A. Crimp;  Carl J. Boehlert; 

 
Abstract: Computational models with a microstructure that is representative of the sample are commonly used to 
investigate heterogeneous slip, but such models are not correlated with experiments. To assess how well a model 
can simulate heterogeneous deformation, a simulation was made based on measured local deformation of a subset 
of about 30 surface and subsurface grains of a Ti-5Al-2.5Sn polycrystal deformed under uniaxial tension using a 
crystal plasticity finite element (CPFE) model. The 3D microstructure model was built using Electron Backscatter 
Diffraction (EBSD) and Differential Aperture X-Ray Microscopy (DAXM) data. Schmid analysis using the local stress 
tensor and generalized m’ slip transfer analysis using local accumulative shear extracted from the simulation were 
correlated with experimental observations to gain better understanding of the effect of subsurface slip activity on the 
observed surface deformation history of the alloy. DAXM was done at beamline 34-ID-E, Advanced Photon Source. 
Supported by DOE/BES grant DE-FG02-09ER46637. 
 
This work was supported in part by DOE/BES, grant number: DE-FG02-09ER46637 
 
 
 
MSE-20 Microstructure Evolution And Stress-Strain Analysis Of Wafer Level Chip Scale Package (WLCSP) 

Solder Joints With Different Thermal Cycles 
Authors: Quan Zhou; Bite Zhou; Thomas Bieler; Tae-Kyu Lee 

 
Abstract: Wafer-level chip-scale package samples with pre-cross-sectioned edge rows were thermally cycled to 
study microstructure evolution and damage development. Electron backscattered diffraction (EBSD) and high-energy 
x-ray diffraction were used to obtain Sn grain orientations and the average coefficient of thermal expansion normal to 
the board in every joint of the package for samples in the as-fabricated and thermally cycled conditions. The results 
indicated a near-random distribution of joint orientation. Optical, scanning electron microscopy, and EBSD methods 
were used to characterize microstructure changes in pre-cross-sectioned samples due to thermal cycling. Slip trace 
analysis and Orientation Imaging Microscopy (OIM) show that slip systems with high Schmid factors (estimated 
global shear stress based on the package neutral point) are responsible for the observed microstructure evolution 
during thermal cycling, which provides information about slip systems that are more easily activated. Two joints were 
analyzed in detail to evaluate slip activity at different stages of their thermal history. The first case showed that a 
solidification twin grain boundary can influence damage development and the path of crack propagation. The second 
case showed a new grain orientation developing due to gradual lattice rotation about the Sn [110] axis by a 
continuous recrystallization mechanism. This rotation was correlated with the operation of slip system {110)<001]. As 
the local stresses are not known experimentally, this analysis provides observations that can be compared with a 
crystal plasticity model simulation. 
 
This work was supported in part by NSF-GOALI Contract 1006656 and Cisco Systems Inc., San Jose, CA. Use of 
Advanced Photon Source was supported by the US Department of Energy, Office of Science, Office of Basic Energy 
Sciences, under Contract No. DE-AC02-06CH11357. 
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MECHANICAL ENGINEERING 
 
ME-01 Dynamic Modeling And Optimal Control Of Continuous Flow Microbial Fuel Cells 

Authors: Ali Abul; Xiaobo Tan 
 
Abstract: Even though there are many parameters affecting the power output of microbial fuel cells (MFCs) in certain 
systems, batch or continuous flow, in this work we focus on the effect of substrate flow rate on the voltage output. 
First, a dynamic model is presented for a continuous flow membraneless MFC. This model includes the substrate 
consumption dynamics based on Monod kinetics. The input for the control model is the dilution rate while the output 
is voltage output. The voltage output is written in terms of state variables, which are the substrate consumption and 
the biomass production. Such a model will facilitate the analysis and optimal control of the MFC. We will also 
describe our ongoing effort in building an MFC prototype, which will be used in experimental validation of the 
modeling and control approaches. 
 
 
 
ME-02 Dynamics Of Horizontal Axis Wind Turbines 

Authors: Gizem Acar; Brian F. Feeny 
 
Abstract: The aim of this project is to deepen our understanding in horizontal axis wind turbine dynamics. Wind 
turbines are under dynamic loading due to varying wind speed, cyclic changes in tangential and normal components 
of gravitational force, and tower shadowing. These dynamic loadings may contribute to failures. To find the loading on 
the rotor and the gearbox, the parts that are most susceptible to failure, blade dynamics are investigated first. A pre-
twisted beam with a varying cross-section is used to model the blades. The beam is assumed to be under bend-
bend-twist coupled deformation. To find the natural frequencies and the mode shapes of the blade, energy methods 
are used. First, potential and kinetic energy expressions are formulated. Then, using an assumed modes method, 
energies are expressed in terms of generalized assumed modal coordinates. Applying Lagrange’s method, the 
equations of motion for a single blade are found. A modal analysis is then performed on the linearized equations to 
find the natural frequencies and the mode shapes. The method is applied to existing turbine blades, and the results 
are found to be consistent with those provided in the literature. The next stage of the project involves the dynamics of 
three blades coupled through the rotor. Parametric excitation due to gravity and the centrifugal effects are to be 
investigated. 
 
This work was supported in part by National Science Foundation-Grant:CMMI-1335177 
 
 
 
ME-03 Dispersion Relationship Using Complex Decomposition Methods 

Authors: Rickey Alfred Caldwell, Jr.; Brian Feeny 
 
Abstract: Understanding traveling waves is important in structural mechanics, geophysics, biomedicine, and material 
science. The goal of this research is to extract the parameters of traveling waves propagating in one direction through 
an elastic beam. A harmonic traveling wave has the form y(x,t) = sin(kx - wt), where k and w are the wavenumber 
(rad/m) and frequency (rad/s). A semi-infinite Euler-Bernoulli beam is realized in the laboratory using a thin beam 
suspended at one end by an elastic cord, and buried in sand at the other. The sand absorbs the waves and arrests 
reflections to the extent that they were not detectable. The beam was sensed with evenly spaced accelerometers 
along the centerline of the unburied portion of the beam. An impact at the free end generated waves with components 
at multiple frequencies. As the waves traveled down the beam the higher frequency waves traveled at a higher 
velocity as predicated by the dispersion relationship w = a k^2, where a = (EI/(rho A))^(1/2), where E, I, A, and rho 
are the Young's modulus, area moment of inertia, area, and density of the material and its cross section. Three 
complex decomposition methods were applied to extract the dispersion relationship. The complex orthogonal 
decomposition (COD) extracted complex wave modes, from which wave numbers were estimated, and the 
associated modal strength. Modal coordinates were computed to obtain frequency information. Smooth complex 
orthogonal decomposition (SCOD) extracted complex wave modes, from which wave numbers were estimated, and 
the modal frequencies. A spatial smooth complex orthogonal decomposition (SCODx) is in development. From the 
extracted information, the parameter a was estimated as 6.44 m^2/s from COD and 6.72 from SCOD, compared to 
the theoretical value from the model of a = 6.55 m^2/s. An estimate from SCODx is forthcoming. 
 
 



Abstracts of the 2015 Engineering Graduate Research Symposium, Michigan State University   64 

ME-04 Multiscale Analysis Of Micro-Scale Stresses At The Laminate Free Edge And Influence Of The 
Interlaminar Microstructure 
Authors: Christopher Cater; Xinran Xiao; Robert K. Goldberg 

 
Abstract: In composite laminates, the property mismatches between plies of varying orientations results in stress 
gradients at the free edges of the composites and are a significant driver of delamination failure. The free edge effect 
has been well understood at the laminate or meso-scale. The influence of the microstructure on free edge cracking, 
however, is less known. A two-scale multiscale finite element (FE) approach was utilized to model the micro-scale 
stresses near the laminate free edge. An IM7/8552 carbon fiber composite with a laminate stacking of [25/-25/90]S, 
known to be vulnerable to free edge initiated failure, was investigated. Two free edge investigations were performed 
using the multiscale approach. First, the influence of the micro-scale interlaminar thickness between 90 degree plies 
on the formation of pre-cracking during manufacturing, as a result of thermal free edge stresses, was explored. The 
results found a correlation between matrix rich interlaminar regions and higher free edge micro-scale stresses. 
Second, an investigation of mechanical tensile loading on the composite at the 90 degree ply interfaces found the 
local free edge micro-scale stresses were not strongly influenced by interlaminar thickness. The conclusions from the 
analysis are supported by experimental evidence from literature which found higher pre-cracking at 90 ply interfaces 
and relative insensitivity of pre-cracks to the development of transverse cracks. 
 
This work was supported in part by NASA NRA 
 
 
 
ME-05 Improving Structural Integrity With Boron-Based Additives For 3D Printed 420 Stainless Steel 

Authors: Truong Do; Shenli Pei; Aleksandr Vartanian; Patrick Kwon 
 
Abstract: This study explores the possibility of attaining fully dense stainless steel (SS) 420 parts with a powder-
based 3D printing (3DP) method by sintering, instead of following the standard protocol of bronze infiltration. Possible 
ingredients that can be added to improve the densification are explored, as a small addition of ingredients (sintering 
aids) enhances densification and improves the final structural integrity of a metal base powder. Boron based sintering 
aids, Boron (B), Boron Nitride (BN) and Boron Carbide (B4C), were experimented in this study. The contents of each 
sintering aid ranging between 0 wt% to 1.5 wt% was added to the SS420 powder with an average powder size of 
30μm. Parts produced by powder-based 3DP were sintered at various temperatures between 1150°C to 1350°C. 
Each sintered sample was analyzed in terms of the final density attained, the amount of ingredient mixed, the 
sintering temperature and the distortion after sintering. Samples with 0.5 wt% B sintered at 1350°C for 6 hours 
yielded 93% relative density and also retained a minimum distortion. Additionally, the study further explored the 
possibility of mixing two different particle sizes of SS420 power (~30μm and ~6μm) with the sintering aids in order to 
further increase the density attained. 
 
 
 
ME-06 Identification And Comparison Of Finger Forces Over Ranges Of Motions Between Healthy And 

Reduced Hand Functionality Participants 
Authors: Joshua Drost; Sam Leitkam; Tamara Reid Bush 

 
Abstract: Diagnosing the amount of hand function lost due to injury, arthritis, or nerve damage is currently task-
based and subjective to the clinician. Recently, work has modeled the differences in kinematic finger space between 
hands with and without reduced functionality due to arthritis; however, the forces that each finger can produce at 
each posture are not included in this kinematic model. Both motion and forces associated with each finger posture 
are necessary to generate a comprehensive hand model for clinical use. The goal of this work was to map forces 
associated with the index finger at different positions and orientations within the kinematic fingertip workspace of 
participants with and without reduced hand functionality.Twelve participants without any reported injury or arthritis, 
termed “Healthy”, and fifteen participants with doctor diagnosed arthritis, termed “Arthritic”, were included in this 
study. In-plane tests (no adduction or abduction of the finger) measured force differences related to flexion and 
extension and out-of-plane tests measured force differences related to abduction/adduction. Using a two-way 
ANOVA, several significant differences were identified in the finger forces. Overall, the forces of Arthritic participants 
were less than those of Healthy participants. In both groups, maximum forces were lower with abduction (left) and 
increased with adduction (right). Also, models overlaying these force data with the kinematic space were successfully 
developed. With the combination of motions and forces, subject specific models will be robust tools for clinical 
assessment of the hand and fingers. 
 
 
 



Abstracts of the 2015 Engineering Graduate Research Symposium, Michigan State University   65 

ME-07 Comparing The Flexural Modulus Of High Modulus Carbon Fibers In Randomly Oriented 
Thermoplastic Composites 
Authors: Martin Ducote; Alfred Loos 

 
Abstract: The objective of this investigation was to compare the flexural properties of high-modulus carbon fiber in 
two different thermoplastic composite systems. With increased pressure from government regulations and consumers 
to create lighter, more fuel-efficient cars, the automotive industry has long been looking toward composite materials. 
Thermoplastics offer the strength and toughness required for many applications as well as the promise of reduced 
cycle times over thermosetting resins. In this study, a papermaking process was used to randomly and uniformly 
disperse matrix and reinforcement fibers in a non-woven, fabric-like mat, which could then be molded into square 
composite panels. Multiple composite systems were created, pairing a high-modulus carbon fiber along with a 
thermoplastic Nylon 6,6 or PEEK to produce the composite plates at different fiber volume fractions. Test blanks were 
then cut from these panels and subjected to visual inspection and flexural strength testing. Insights were then drawn 
from the comparisons giving specific attention to fiber-matrix bonding and overall strength properties. As a secondary 
objective, this papermaking process was evaluated as a viable production method for consistent, randomly oriented 
composite material. 
 
 
 
ME-08 Experiments And Modeling Of A Controlled Turbulent Jet Ignition System For Internal Combustion 

Engine 
Authors: Masumeh Gholamisheeri; Elisa Toulson 

 
Abstract: Pre-chamber combustion systems are advanced ignition systems which are under investigation in order to 
replace current automotive ignition systems. In the last several decades various pre-chamber combustion systems 
have been produced and investigated to increase efficiency and reduce pollutants through lean, low temperature 
combustion. Turbulent jet ignition (TJI) is composed of a pre-chamber and a main chamber connected with a 
single/multiple orifice(s). The combustion occurs first in the pre-chamber where the fuel injector and the spark plug 
are located and then is directed into the main chamber via the orifice. Orifice geometry is critical as it determines the 
mixing quality of the air-fuel mixture and the turbulent structures generated in the main chamber. Hence, it has a 
great influence on the quality of combustion and flame propagation. The main focus of the present research is to 
investigate the performance of TJI system both numerically and experimentally by changing a range of various 
parameters such as nozzle shape and the number of injectors (fuel, air or both) in the pre-chamber. Investigation of 
the effectiveness of alternative fuels, such as propane, on efficiency and lean limit extension is another priority. 
Generally, it was found that the jet ignition system provides faster burn rates due to the distributed ignition sites and 
higher level of dilution (lean burn). In addition, jet ignition systems also enable higher compression ratio and higher 
engine efficiency compared to SI engines. 
 
 
 
ME-09 Influence Of An Asymmetric Trajectory On The Forces And Flow Structure Of An Airfoil Pitching At 

High Reduced Frequency 
Authors: P. Hammer; A. Naguib; M. Koochesfahani 

 
Abstract: Previous experimental work has shown that non-sinusoidal oscillation of a pitching airfoil can greatly alter 
the vortical flow structure in the wake. The current study focuses on characterizing the corresponding changes in the 
resulting loads on the airfoil and how they might be connected to the wake structure. High-order computations are 
carried out using the FDL3DI solver developed at the Air Force Research Laboratory. It is observed that the 
introduction of asymmetry produces a non-zero average lift. However, the behavior of the average lift depends 
strongly on both the amount of asymmetry and the pitching reduced frequency. Decomposition of the lift shows that 
the average lift comes primarily from the vortex lift component. It is found vortex lift generated during the pitch-down 
increases in relation to the pitch-up vortex lift as the reduced frequency increases. 
 
This work was supported in part by AFSOR Grant No. FA9550-10-1-0342 
 
 
 
ME-10 Design And Development Of A Wirelessly Charged Robotic Fish 

Authors: Hussein Hasan; Xiaobo Tan 
 
Abstract: In the past two decades, robotic fish have received significant interest due to their various perceived 
applications. Designing robotic fish is a very challenging task, partly due to the delicate need of waterproofing. In 
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addition, one needs to optimize the hydrodynamic performance while accommodating the constraints on size, cost, 
and feasibility of manufacturing. In this work a robotic fish with wireless charging capability is designed and 
prototyped. The robot is equipped with wireless communication for data transmission and remote control. Integrated 
on this robot are inertia measurement unit (IMU), temperature sensor, and power measurement unit. The body is 3D-
printed and propelled by a pair of pectoral fins and a caudal fin, all actuated with servomotors. The developed robotic 
fish will be used for research on modeling and control of robotic fish, as well as for education and outreach including 
museum exhibits. 
 
This work was supported in part by National Science Foundation (NSF) 
 
 
 
ME-11 Numerical Simulation Of A Charged Particle In A Charged Rotating Tubular Membrane 

Authors: Sina Jahangiri Mamouri; Volodymyr V. Tarabara; André Bénard 
 
Abstract: Cross flow filtration (CFF) is a common membrane separation process which has broad applications in 
food industry, biotechnology, chemical industry and recycling technologies. For instance, membranes are widely used 
for liquid-liquid separation processes such as oil-water separation. However, a major challenge in this method of 
separation is fouling. It can dramatically decrease the permeate flux and therefore shorten the membrane life and its 
efficiency. Membrane fouling can be treated by increasing the shear on the membrane’s surface. In this regard, 
induction of swirl in a stationary membrane was shown to be significantly beneficial. Another treatment to improve 
membrane efficiency, is to repel droplets/particles from the surface of membrane using a repulsive electric force. For 
this purpose, the surface of the membrane is coated with Polyelectrolyte Multilayers (PEM) with a surface potential, 
and droplets/particles are induced to have the same electric charge. Polyelectrolyte multilayers are thin films 
manufactured by layer-by-layer (LbL) deposition, which can maintain a charged surface with a small uncertainty. In 
this work, a numerical simulation of motion of a charged solid droplet within an axially rotating charged tubular 
membrane is investigated. The particle and the inner surface of the tubular membrane are assumed to be positively 
charged. It is expected that the increase in the shear stress due to the rotation of membrane on one hand, and the 
repelling force between the charged membrane and the particle on the other hand, improve the separation efficiency 
of the membrane. 
 
 
 
ME-12 The Effect Of Temperature On The Tensile Deformation Behavior Of A Beta Titanium Alloy, An In-

Situ SEM Study 
Authors: Vahid Khademi; Carl J. Boehlert 

 
Abstract: Beta titanium alloys are becoming more and more attractive for medical and structural applications due to 
their good formability, high strength, and good fracture toughness. However, some beta alloys tend to exhibit 
microstructural instabilities and transformations at intermediate temperatures. In this study, rolled sheets of Ti-13Cr-
1Fe-3Al, which is a low-cost B-type alloy, were studied. In-situ SEM tensile tests were conducted to investigate the 
effect of temperature on the mechanical behavior between room temperature and 450 C. Electron Backscatter 
Diffraction and slip trace analysis showed that the active slip systems at RT and 200 C had relatively high Schmid 
factors. However, at 400 and 450 C, this trend was not observed. This was due to the omega-phase transformation 
which will be discussed. Overall, this work highlights the stability of this alloy at intermediate temperatures along with 
the deformation mechanisms as a function of temperature and microstructure. 
 
 
 
ME-13 Asymmetric Post-Flutter Oscillations Of A Cantilever Due To A Dynamic Follower Force 

Authors: Vahid Zamani; Ehsan Kharazmi; Ranjan Mukherjee 
 
Abstract: For elastic systems with an end-load, instability can occur through divergence or flutter. The type of 
instability depends on the load. When the load is conservative, instability can occur through divergence whereas for 
non-conservative load, flutter instability can occur. Follower force is a common example of a non-conservative end 
load. It has been shown in the literature that for the case of follower force, increasing the load above a critical value 
can make the system unstable through flutter. In this study, the behavior of a cantilever beam subjected to a follower 
force has been investigated where the direction of the force follows the slope of the tip of the beam and the 
magnitude of the force is comprised of "static" and "dynamic" terms. The "static" term is a constant term and the 
"dynamic" term is a term that varies linearly with the slope of the tip of the beam. The Ritz-Galerkin method is used to 
obtain a finite degree-of-freedom model of the system; this model has a quadratic nonlinearity due to the slope-
dependent magnitude of the follower force. After introducing modal damping, the dynamics of the system is 
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investigated using the method of multiple scales. Our results, which are verified through numerical simulations, 
indicate that in the presence of damping, stability is maintained for a follower force of constant magnitude larger than 
the critical load. More importantly, the addition of the slope-dependent term in the magnitude of the follower force 
does not cause instability; instead, it results in asymmetric oscillations. Such behavior of the cantilever is expected 
due to the asymmetric nature of the force. 
 
 
 
ME-14 Experimental Method To Quantify Residual Limb Displacement Within A Prosthetic Socket 

Authors: Amy L. Lenz; Katie A. Johnson; Tamara Reid Bush 
 
Abstract: In prosthetics, many clinical practices are subjective in nature. When an amputee presents with a pressure 
ulcer on their residual limb the exact cause or etiology is often unknown. Previous research has attempted to address 
bone motion relative to the socket because assessing tissue motion is difficult to capture due to the opaque nature of 
the device. The current research study presents the development of a novel method to measure residual limb motion 
beneath the surface of a prosthetic socket using motion capture technology. Twenty-two retro-reflective thin-disc 
markers were placed beneath a clear transparent test socket. Using a 12 camera Vicon system, the location of all 22 
markers was recorded relative to markers placed on the outside of the socket and pylon. Data collection included a 
test setup with a replica of a patient’s leg interfaced with a standard gel liner pin suspension system. Distances 
between markers were measured with a digital caliper. These values were compared to the inter marker distances 
captured with the motion capture system when the residual limb replica was placed into the test socket. Dynamic 
trials were then collected of by vertically displacing the limb and capturing marker movement patterns relative to the 
device. Results of inter marker distances (+/- 0.25mm) were within error tolerances of the motion analysis system, 
confirming the ability to accurately capture limb motion within a socket. These results encourage this novel 
methodology to be applied to amputee patients during walking to empirically assess the distribution of deformation 
within the socket. 
 
 
 
ME-15 Modeling To Predict Micro-Scale Permeability For Fiber Reinforcement In Liquid Composite Molding 

Authors: Timothy Luchini; Stephen Sommerlot; Alfred Loos 
 
Abstract: In liquid composite manufacturing, permeability is the driving process parameter for mold fills and is critical 
for understanding the infusion flow and pressure distribution that results. Permeability has been identified as a 
complex variable which can vary significantly in magnitude for similar test cases. Permeability has also been isolated 
at different levels because of the multi-scale nature of composite fiber reinforcement. In the micro-scale, fibers are 
formed into randomly aligned tows composed of thousands of fibers. A second scale, the meso-scale, considers the 
tow dimensions and weave parameters, but inputs a Darcy based permeability to make up for physical geometry 
variations. On the micro-scale, fibers are generally considered as ordered in some kind of idealized packing 
arrangement, for example hexagonal or square packing. This is not always realistic and defining permeability as a 
function of porosity alone may not be enough to achieve an accurate permeability prediction on the micro-scale. 
Here, we isolate the micro-scale structures of unidirectional fiber reinforcements and investigate flows across aligned 
fiber geometries and infusion characteristics during manufacturing. Reduced geometries are utilized to represent the 
fiber and matrix interactions during a liquid infusion and periodic boundary conditions are applied. The overarching 
goal of this research is to use numerical tools to create better understanding of composite manufacturing processes. 
A systematic computational approach will be utilized to understand how material packing changes the fluid flow 
regime during composite manufacturing, helping to select appropriate infusion parameters to produce a finished part 
with good properties. This approach incorporates a numerical modelling procedure to predict unidirectional 
permeability on the micro-scale. The results set up a baseline that compares well with analytical models as a function 
of fiber diameter and volume fraction. The ability of this numerical procedure goes above current analytical models 
because, in the future, it can take various fiber diameters, fiber count, random packing arrangements, and flow rates 
into account. Specific areas that analytical models lack could be investigated like the effects of a fabric that 
incorporates both fiberglass and carbon fiber elements. Results show that variations due to fiber packing can be 
identified independently of fiber volume fraction. 
 
This work was supported in part by General Electric Aviation 
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ME-16 Stretchable Luminescent Films Of Silicon Nanocrystals 
Authors: Rajib Mandal; Naomi Carlisle; Michael Bigelow; Rebecca Anthony 

 
Abstract: Nanocrystalline silicon is widely known as an efficient and tunable optical emitter and is attracting great 
interest for applications such as light-emitting devices. To date, however, luminescent silicon nanocrys-tals have 
been used exclusively in traditional rigid devices. There is a need to investigate whether these nanocrystals can be 
used in flexible and stretchable devices. Here we present a study on how the optical and structural/morphological 
properties of plasma-synthesized silicon nanocrystals (Si NCs) change when they are deposited on stretchable 
substrates made from polydimethylsiloxane (PDMS). The silicon nanocrystal synthesis was performed in a 
nonthermal, low-pressure gas phase plasma reactor. Silicon nanocrystals were deposited directly out of the plasma 
into thin-film layers using inertial impaction through a slit-shaped orifice. The PDMS substrates were either relaxed or 
pre-stretched to several different percentages of their original length ("stretching ratio") prior to deposition. The 
morphologies of films deposited on both PDMS substrates and on rigid silicon wafer sub-strates were studied using 
SEM. Si NC Films deposited on PDMS substrates have significantly different morphology as compared to films 
deposited on silicon substrates. The reason behind this morphological difference is still under investigation, but is 
likely attributed to the difference in elastic properties of the PDMS as compared to silicon. We also measured the 
photoluminescence (PL) properties of Si NCs deposited on pre-stretched PDMS substrates depending on stretching 
ratio. Between unstretched PDMS and PDMS stretched 40% beyond its original length, the PL peak is adjusted by 80 
nm. We will also present results on how the PL from Si NCs depends upon the stretch state of the PDMS substrates 
during measurement, demonstrating the viability of these luminescent Si NC layers for flexible electronics such as 
light-emitting device dis-plays and sensors. 
 
 
 
ME-17 Design Considerations And Estimated On-Vehicle Performance For A Compression-Couple Based 

Thermoelectric Generator 
Authors: Nariman Mansouri; Edward Timm; Harold Schock 

 
Abstract: Approximately 55% percent of the energy produced from conventional vehicle resources is lost due to heat 
losses. An efficient waste heat recovery process will undoubtedly lead to improved fuel efficiency and reduced 
emission of greenhouses gases. A thermoelectric generator (TEG) is one of the most viable waste heat recovery 
approaches being used among industries for the purpose of converting waste heat to electrical energy. With high fuel 
costs and increasing demand for clean energy, a solid-state thermoelectric device is an attractive choice for reducing 
fuel consumption. Although they are reliable energy convertors, there are several barriers that have limited their 
implementation into the automotive market. Cracking of the materials is found to be a major failure mechanism which 
affects not only structural integrity, but also the energy conversion and overall performance of the system. In this 
paper, cracking of the thermoelectric material as observed in performance testing is analyzed by both numerical 
simulations and analytical approaches. With the help of finite element (FE) analysis, the detailed distribution of stress, 
strain, and temperature are obtained for each design. FE based simulations show that the tensile stresses are the 
main reason causing radial and circumferential cracks in the thermoelectric material known as skutterudite. Based on 
FE and computational fluid dynamic (CFD) analysis, strategies in tensile stress reduction and failure prevention are 
suggested followed by the reasons to change the thermoelectric couple and generator design resulting in a reliable 
TEG. 
 
This work was supported in part by Tenneco Inc, Grass Lake, MI 
 
 
 
ME-18 An Exponential Hardening Model For Crystal Plasticity Modeling Of Single Crystals 

Authors: Aboozar Mapar; Farhang Pourboghrat; Thomas Bieler 
 
Abstract: Stress-strain curve of single crystals usually involves three stages. The deformation starts activation of a 
single slip system, there is not much dislocation interactions and therefore the hardening rate is low. The next stage 
is when other slip systems active and rapidly increase the hardening rate. In the third stage cross slip happens and 
hardening rate decreases. Classical hardening model can only capture the first part of the stress-strain curve. In this 
study a new hardening model is proposed that can capture the first and second stages of the deformation. This model 
has been evaluated for Iron and Niobium single crystals and has successfully predicted the deformation behavior of 
both materials. 
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ME-19 Electroosmotic Flow Through The Polymer-Coated Nanochannels 
Authors: Aryan Mehboudi; Junghoon Yeom 

 
Abstract: The electroosmosis refers to the motion of a polar media next to a charged surface, due to an external 
tangential electric field. The counterions are attracted by the ions of the surface. In presence of the external electric 
field along the wall, the counterions located adjacent to the wall move along the surface and drag the fluid particles 
due to the fluid’s viscosity. The produced net flow is referred to as the electroosmotic flow (EOF). Nowadays, the EOF 
is employed as the underlying mechanism in a large number of the micro/nano devices. However, its effects 
sometimes need to be controlled or even completely suppressed, particularly in those designs which are purely 
based on the electrophoresis mechanism. In such situations, the device’s efficiency can be adversely affected by the 
EOF enormously. The polymer coating technique is commonly utilized to quench the unwanted side effects of the 
EOF. A profound understanding of the EOF behavior through the polymer-coated channels is consequently of 
uttermost importance. In this poster, we are going to present some of our results which have been obtained by using 
the numerical simulations. As a part of an ongoing project, we utilize the dissipative particle dynamics (DPD), which is 
a Lagrangian mesoscpic method, in order to study the effects of the important parameters like density of grafting, 
solvent quality, thickness of polymer layer, etc., on the EOF behavior in terms of the overall mobility, and the velocity 
profile across the channel. 
 
 
 
ME-20 Population Balance Method For Modeling Droplet Breakage And Coalescence In Turbulent 

Dispersion 
Authors: Abdul Motin; André Bénard 

 
Abstract: This paper addresses the detail mathematical modeling of droplet breakage and coalescence using the 
Population Balance Method (PBM). The population balance equation (PBE) represents the dynamics of droplet size 
distribution due to a process involving continuous interactions between individual droplets (such as coalescence and 
breakup). The PBM has been used to examine the time evolution of the distribution of volume fraction and Sauter 
mean size. An understanding of PBM in regards to the conservation of numbers and mass of dispersed droplets is 
also developed here. An in-house code (written in Matlab) has been used for solving the models for collision 
frequency, compaction force on the droplets, coalescence and breakage rates, daughter droplet distribution and the 
stand-alone PBE. Film drainage theory with the different regimes of droplet morphology is applied for calculating the 
coalescence time. Effect of the turbulent intensity and interfacial tension of oil-water mixture, volume fraction and API 
gravity of dispersed phase on the time evolution of size distribution of volume fraction and Sauter mean diameter are 
examined. The results show that, the drop-drop coalescence is dominant over the droplet breakage in pipe flow; the 
opposite is observed for flow through valve. 
 
This work was supported in part by CETCO Energy Services and Michigan State University 
 
 
 
ME-21 Combustion And Surface Degradation Of Solid Materials 

Authors: Yen Nguyen; Thomas Pence; Indrek Wichman 
 
Abstract: The goal of this research is to quantify the effect of heating and combustion on solid material degradation. 
Depending on the material degradation mechanism, many different surface morphologies may result like voids, 
cracks. These cracks affects heat and mass transfer in both solid and gas phases, therefore combustion process. 
This forms a cycle combustion- solid degradation- combustion. In this presentation, some crack patterns associated 
with some particular heating conditions are generated. They could show period doubling behavior and tree- like 
behaviors depending on the stages of heating. 
 
This work was supported in part by CVRC 
 
 
 
ME-22 Blood Perfusion Responses Of Lower Legs A Study Of Venous Stasis Ulcers 

Authors: Wu Pan; Joshua P. Drost; Marc D. Basson; Tamara Reid Bush 
 
Abstract: Venous stasis ulcers are skin wounds that occur most commonly on the lower leg. Little work has been 
conducted to identify differences in perfusion responses (blood flow) between healthy individuals and individuals with 
stasis ulcers. The goal of this work was to identify differences in perfusion responses to force (both normal and shear 
forces) between legs with existing venous stasis ulcers and healthy legs. A total of seventy five legs were evaluated 
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resulting in three groups: 20 legs with wounds (“wounded”), 15 non-wounded legs but from patients with leg wounds 
(“non-wounded”) and 40 “healthy” legs. A Laser Doppler Perfusion Monitor was used to monitor and record the blood 
perfusion of the skin during the entire test period. Statistically significant differences occurred between wounded legs 
and healthy legs during baseline, perfusion decrease under loading and reactive hyperemia. Effect size calculation 
suggested that statistically significant differences might be expected for higher sample sizes when comparing 
wounded and non-wounded legs; as well as for the comparison between non-wounded legs and healthy legs. These 
data show that the legs with existing venous stasis ulcers are significantly different from healthy legs whereas the 
non-wounded legs exhibited an intermediate trend between wounded and healthy legs. A progressive trend from 
healthy to non-wounded to wounded legs exists and the fact that individuals eventually develop an ulcer in the “non-
wounded” leg supports the possibility that changes in force-perfusion responses could serve as predictor of ulcer 
formation.  
 
 
 
ME-23 Multi-Objective Optimization Using Variable-Length Genomes 

Authors: Matt Ryerkerk; Ron Averill; Kalyanmoy Deb; Erik Goodman 
 
Abstract: Design optimization algorithms typically operate within a fixed-sized search space. However, there exists a 
class of problems where the number of design variables may not be fixed. Such problems include laminate composite 
design, coverage problems, and portfolio problems. Solutions for each of these problems are represented by a vector 
of components, such as layers in the laminate composite problem. The length of this vector can change, and the 
optimal length may not be known a priori. For multi-objective optimization the optimal length can vary between 
different regions of the Pareto-optimal front. Gradient based algorithms are ill-suited for such problems due to the 
changing dimensionality of the search space. Genetic algorithms (GA) are viable candidates, however the traditional 
operators are of little use with a variable-length genome. In literature, GA is often used for such problems, but the 
approaches often simplify the problem so that traditional operators can be used, or use new operators that don’t 
handle the variable-length genome in a respectful manner. This include simply fixing the length of the vector, 
including an activation flag that can remove some parts of the vector from the evaluated solution, or using a cut and 
splice operator. These approaches are either inefficient or incapable of fully characterizing the Pareto-optimal front. 
This poster demonstrates the effectiveness of GA operators that have been developed to handle a variable-length 
genome in a meaningful way, and compares their performance to other approaches commonly found in literature. 
 
This work was supported in part by BEACON Center 
 
 
 
ME-24 Multiscale Modeling Of Polymer Nano-Composites 

Authors: Azadeh Sheidaei; Farhang Pourboghrat 
 
Abstract: In recent years, polymer nano-composites (PNCs) have increasingly gained more attention due to their 
improved mechanical, barrier, thermal, optical, electrical and biodegradable properties in comparison with the 
conventional micro-composites or pristine polymers. With a modest addition of nanoparticles (usually less than 
5wt.%), PNCs offer a wide range of improvements in moduli, strength, heat resistance, biodegradability, as well as 
decrease in gas permeability and flammability. Although PNCs offer enormous opportunities to design novel material 
systems, development of an effective numerical modeling approach to predict their properties based on their complex 
multi-phase and multiscale structure is still at an early stage. In this research, I have focused on establishing a 
computational framework to predict the mechanical properties of PNC. I have developed a microstructure inspired 
material model based on a statistical technique to reconstruct the microstructure of polymer nanocomposite. The 
model was able to successfully predict the material behavior obtained from experiment. This 3D microstructure model 
was later incorporated in a damage modeling problem in nanocomposite where damage initiation and damage 
progression have been modeled using cohesive-zone model and modified Gurson-Tvergaard-Needleman (GTN) 
material model. 
 
 
 
ME-25 Direct Numerical Simulation Of Turbulence And Mixing In Highly Compressible Flows 

Authors: Yifeng Tian; Farhad Jaberi; Zhaorui Li; Daniel Livescu 
 
Abstract: The effects of normal shock waves on isotropic turbulence and scalar mixing are studied by direct 
numerical simulation (DNS) of fully compressible equations with high-order monotonicity-preserving and compact 
finite-difference numerical schemes for various flow and scalar conditions. Detailed examinations of the turbulence 
and scalar statistics such as the turbulent kinetic energy and scalar variance indicate that the numerical method is 
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accurate and is able to correctly capture the shock-turbulence interactions and scalar mixing near and away from the 
shock even at very high Mach numbers. As expected, the shock wave increases the small-scale turbulence and the 
skewness and flatness of the turbulent velocity fluctuations, but the turbulent compressibility is actually decreased by 
the shock. The effect of shock on the turbulence was to found be strongly dependent on the pre-shock turbulence 
parameters such as the turbulence intensity. The enhancement of scalar mixing by the shock is also found to be 
dependent on the pre-shock scalar structure. The mechanisms responsible for the modification of turbulence and 
scalar mixing are identified by analyzing the flow structure and the transport equations for the Reynolds stress, 
vorticity and scalar variance inside and outside the shock zone. 
 
This work was supported in part by Los Alamos National Laboratory 
 
 
 
ME-26 Numerical Simulation Of Turbulent Jet Ignition 
And Combustion In Advanced Engines 

Authors: AbdoulAhad Validi; Farhad Jaberi 
 
Abstract: The ignition and combustion of lean fuel-air mixtures by a turbulent jet flow of hot combustion products 
injected into various geometries are studied by high fidelity numerical models. Turbulent jet ignition (TJI) is an 
efficient method for starting and controlling the combustion in complex propulsion systems and engines, e.g. Rapid 
Compression Machines (RCM). The TJI and combustion of hydrogen and propane in various flow configurations are 
simulated with the direct numerical simulation (DNS) and the hybrid large eddy simulation/filtered mass density 
function (LES/FMDF) models. In the LES/FMDF model, the filtered form of the compressible Navier-Stokes equations 
are solved with a high-order finite difference scheme for the turbulent velocity and the FMDF transport equation is 
solved with a Lagrangian stochastic method to obtain the scalar field. The DNS and LES/FMDF data are used to 
study the physics of TJI and combustion for different turbulent jet igniter and gas mixture conditions. The results show 
the very complex and different behavior of the turbulence and the flame structure at different jet equivalence ratios. 
 
This work was supported in part by NSF/DOE 
 
 
 
ME-27 Study Of Li Diffusivity In Si Via Finite Element Analysis 

Authors: Miao Wang; Xinran Xiao 
 
Abstract: Silicon is a very promising high capacity anode material for lithium iron batteries. However, the large 
volume expansion during lithiation can cause rapid capacity fading during battery cycling. The volume expansion 
effect may be remedied through electrode design. Numerical models can greatly facilitate the design process. The 
numerical models require material properties of Si/LixSi. The lack of key material data has prevented the efficient use 
of such tools in battery design. Diffusivity of Li in Si is one of the critical material properties since it determines the Li 
concentration gradient, and therefore the intercalation stresses in silicon. However, the diffusivity values reported in 
literature range from to . In this work, finite-element-analysis (FEA) is used to study the right order of Li diffusivity in 
Si. By simulating the a-Si nanoparticles under lithiation of the experiments by McDowell et al.1 , the Li diffusivity is 
estimated at the order of for Li-rich phase and for Si-rich phase. These values are further validated by comparing 
lithiated thickness growth, the lithiation time with several experiments in literature, and by comparing the level of 
stresses generated inside the particle with the reported fracture strength of Si material.  Reference: McDowell, 
Matthew T., Seok Woo Lee, Justin T. Harris, Brian A. Korgel, Chongmin Wang, William D. Nix, and Yi Cui. “In Situ 
TEM of Two-Phase Lithiation of Amorphous Silicon Nanospheres.” Nano Letters 13, no. 2 (February 13, 2013): 758–
64. doi:10.1021/nl3044508. 
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