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Greetings from South Dakota State University! 
 
Our USDA-NIFA undergraduate research fellowship is an opportunity to make a difference in  
sustainable energy, water resources, natural resources, and the environment. This booklet  
features undergraduate student research which is impacting the future of each field. The projects 
our research fellows conduct continue on after they leave because they have real-world impact. 
We are proud to offer this fellowship experience to a select few students who will work side by 
side with leading researchers in these areas.  
 
In today’s highly competitive job market, the benefit of work experience prior to graduation is  
extremely beneficial for landing that first job. This research fellowship is also an excellent  
opportunity to develop a strong professional network which could lead to an assistantship if you 
pursue graduate studies. 
 
As you read through our 2017 research fellows’ projects, I hope you think about the research  
discoveries YOU could make at SDSU in the summer of 2018. 

GO JACKS! 

Van C. Kelley, PhD, P.E. 
Department Head 

Agricultural and Biosystems Engineering 



 

Driving the  

Future of  

Agriculture 

This selective fellowship brings bright, creative students from across 
the country for three months of innovative research. Projects range 
from field-scale all the way down to the molecular level with our 
million-dollar transmission electron microscope (TEM). Program 
mentors such as Dr. Zhengrong (Jimmy) Gu are leading researchers 
at SDSU and bring students into the fold on their exciting research. 
A current example from this exciting research environment is that 
Dr. Gu and a graduate student are working on a patent for technolo-
gy producing graphene directly from biomass in one step. 
 
A total of 30 undergraduates research fellows will be trained over 
three years in an interdisciplinary environment in basic and applied 
research of biochar related agricultural applications. Projects are  
designed to:  
 
 Establish extension and outreach activities for enhanced interaction 

among students, faculty and farmers 
 

 Train undergraduates with hands-on experience using innovative            
sustainable energy, agriculture science, and engineering tools 

 
 Explore the mechanisms of biochar modification of the lifecycle of  
       agricultural chemicals and biochar-soil microbial profile-plant interactions 

 
The fellowship enables undergraduate students to explore research 
and seeks to inspire interest in graduate studies in sustainable  
energy, water resources, natural resources, and the environment.  



Shelby Adair, a junior Biological Engineering major from Mississippi State  

University, teamed up with SDSU’s Erin Benson (Electrical Engineering) to  

determine if the LIDAR laser system can accurately indicate weather phenomena 

or plant growth trends by studying whether or not the system’s de-pol value could 

detect changes within the physiology of corn leaves. Their study focused on  

recording the de-pol value as it changed over the growing season and as it changed 

with water levels within the leaves. 

 

Adair says she expanded her knowledge regarding laser systems and plant-

environment interactions, as well as gained valuable insight on how to conduct 

experiments from her research mentor, Dr. Songxin Tan. “Dr. Tan did a great job of 

immersing me in the field. He showed me the lab on the first day of the program 

and immediately had me practice calibrating the laser and taking samples on white 

paper,” Adair says. 

 

Adair and Benson used an OLGDP-2057 LIDAR laser system to record the  

polarimetric reflectance of corn leaves. Once the laser landed on a target leaf, it 

reflected back onto a photodetector that sent the signal to the oscilloscope to be 

read by the researchers. Depending on the angle of the photodetector lens, either 

the co-pol or cross-pol value would be displayed on the oscilloscope. To find the 

end value—the de-pol value—the cross-pol was divided by the co-pol. 

 

Under the mentorship of Dr. Tan, the researchers concluded that the LIDAR laser 

system was capable of detecting changes in water content. With more time and 

testing, it is probable that this system will be proven further capable of identifying 

other critical measures of plant health, according to Adair and Benson. They are 

interested in further investigations to explore what else de-pol value can indicate. 

 

Lasers and Corn Leaves 

Laser Polarimetric Reflectivity of Corn Leaves 
Shelby Adair, Biological Engineering 

Shelby Adair 
Biological Engineering 

OLGDP -2057 L IDAR laser  system  



The technique of manufacturing pesticides has not changed much over the past several 

years—most pesticides are synthetic or petroleum-based. However, plants have a natural 

defense system that can be utilized to organically control pests. The organic molecule,  

singrin, is a glucosinolate (GLS) which defends the plants against natural predators and 

disease. Normally a very stable molecule, singrin turns into a reactive isothycoiante when 

broken down, creating a pungent taste that can be toxic to pests. Brassicacea carinata is a 

mustard plant that has one of the highest concentrations of singrin. 

 

Matthew Cole, a senior Agricultural and Biosystems Engineering major from South  

Dakota State University, worked on extracting glucosinolates from mustard seeds to  

develop an organic alternative to synthetic pesticides. Cole and his research mentor, Dr.  

Zhengrong (Jimmy) Gu, extracted GLS using water methods because it is an economically 

feasible approach. However, the catalyst for GLS reaction, the enzyme myrosinase, is  

sensitive to high temperatures—heat can denature this enzyme and slow down the  

reaction. Their solution: a cold-water method which combats heat produced by the soxhlet 

extraction of B. carinata’s oils. Distilled water and a phosphate buffer were used to  

prevent acid build up, allowing for a clean extraction. The mixture was then stirred in a 

cooled, high shear mixer. 

 

The results yielded small amounts of GLS, and Cole looks forward to improving the process 

for further optimization. He credits productivity regarding the process of his research to 

SDSU faculty and staff. “My advisor had me read a variety of articles…this made coming to 

the table to put together a project plan and having a discussion very productive,” he says. 

 

Cole adds that faculty members’ enthusiasm to help and willingness to engage in discus-

sions with students stood out amongst most research programs. “The staff and students 

were high caliber and courteous. I could not imagine going anywhere else to complete this  

prestigious program—I would highly recommend this program to anyone considering a 

STEM major or doing undergraduate research,” says Cole. 

Organic Alternatives to Synthetic Pesticides 

Using Water Methods to Extract Glucosinolate from 

Defatted B. Carinata Meal 
 Matthew Cole, Agricultural and Biosystems Engineering 

Matthew Cole 
Agricultural and Biosystems  
Engineering 

High shear mixer, water-cooled. 



Arbuscular mycorrhizal (AM) fungi form symbiotic relationships with more than 80 

percent of all land plant species. AM fungi absorb phosphate and nitrogen from soil  

beyond the root zone, providing it to the host plant. Little information exists on the  

specificity of different AM fungi with the host plant for the nutrient delivery.  

 

Kelyah Spurgeon, a Biological Engineering major from North Carolina Agricultural and 

Technical State University, utilized two types of AM fungi to explore their benefits to the 

host plant in terms of growth response and plant nutrient acquisition.  

 

After the seed surface scarification and germination of the host plant, Medicago  

Truncatula, Spurgeon transferred the seedlings into custom-designed two compartment 

box systems. The seedlings were inoculated in the root compartment with either AM 09 

(Rhizophagus irregularis), AM 165 (Glomus aggregaum) or none for the control. After  

successful AM fungal root colonization, Spurgeon supplied 4mM of NH4Cl and 0.5mM of 

KH2PO4 to the hyphal compartment.  

 

Two weeks after nutrient application in the fungal compartment, Spurgeon harvested the 

plants for growth response and nutrient acquisition mediated by the AM fungi. She then 

compared the data against the inoculated control.   

 

Spurgeon dried the plants’ shoots and roots separately at 70 OC for forty-eight hours  

before she collected the dry biomass. The dried plant tissues were then grounded down 

to a powder for phosphate and nitrogen analysis.  

 

Research determined that AM 09 supported an increased biomass and a better growth 

response in the host plant, in addition to influencing its phosphorous concentration. 

Spurgeon concluded that AM 09 had a better symbiotic specificity than AM 165 with the 

host plant, supporting her thesis that not all AM fungal morphotypes provide the same 

nutritional benefits to their hosts.  

Not All Species Are Beneficial  
Different Benefit Niches of Arbuscular Mycorrhizal Fungi  
      

Kelyah Spurgeon, Biological Engineering 

Kelyah Spurgeon 
Biological Engineering 

 

 

Custom designed two compartment system 
separates the plant roots from the nutrient-
rich soil using a membrane made with 50 
micro-meter diameter pores. 

Nutrient Compartment 

Arbuscular mycorrhiza seen under microscope. Flax 

root cortical cells containing paired arbuscules.   



Biochar, an activated carbon—or organic charcoal—can be used in a variety of 

ways to improve the environment. Biochar as soil additive can reduce levels of 

carbon dioxide entering the atmosphere, as well as increase the fertility of acidic 

soils and provide protection against soil-borne diseases. 

 

Bryce Dahl, an Agricultural and Biosystems Engineering major from Mississippi 

State University, explored whether biochar could reduce E. coli bacteria  

concentration. 

 

Dahl conducted his research by first constructing custom-made filtration  

columns out of acrylic and tubing, utilizing the Agricultural and Biosystems  

Engineering Department’s shop space. He then began the inoculation period, 

using an outlet bacteria from the Baltic research site. This period of inoculation 

proved to be the most challenging aspect of Dahl’s research, as he had to cycle 

the columns evenly around the drip line every six hours. 

 

After flushing, E. coli and other inlet bacteria were introduced to the columns. 

Dahl conducted an optical density test to determine the initial concentration of 

bacteria, a process identical to inoculation. 

 

Samples were taken at the immediate retention time, then at fourteen hours 

and twenty-four hours. Dahl then processed the samples to study the bacteria in 

the solution by placing them onto plates with bacteria enriched food. This  

bacteria was able to grow due to the specific bacteria agar that Dahl applied to 

the plates. 

 

Unfortunately, due to time constraints, Bryce was unable to obtain conclusive 

data but is interested in continuing the project in the future. 

 

 

A Column Study 

Using Biochar to Reduce E.coli 
Bryce Dahl, Agricultural and Biosystems Engineering 

 

Bryce Dahl 
Agricultural and Biosystems  
Engineering 

Custom-made columns 
filled with wood chips and 

charcoal as a filtering 
mechanism.  

Low-temperature electron micrograph of a cluster of E.coli 

bacteria, magnified 10,000 times. Each individual bacterium is 

oblong shaped.    



Biochar is an organic product capable of affecting several soil properties and has been 

utilized by farmers to improve soil quality. The application of organic matter, such as 

biochar, in soils can influence greenhouse gas (GHG) emissions, the chemical, physical, 

and microbiological properties of soil, and subsequently, crop yield. 

 
José González, a senior Agronomy major from the University of Costa Rica, studied 
the effects of several rates and sources of manure and biochar on soil properties and 
GHG emissions. The goal was to determine if the use of two different corn-biochar  
application rates would have an effect on GHG emissions and soil carbon fractions. 
Additionally, González set out to evaluate the effect of mixing manure with biochar.  
 

Research concluded that the labile carbon fraction of soil is indeed influenced by  

biochar and manure application, establishing biochar as capable of affecting soil  

properties in a short period. It was also determined that depositional lowland areas 

are more prone to the emission of GHG than erosional highland areas. 

 

González, who hopes to apply these concepts in large-scale agricultural production 

systems in Costa Rica, says there is much more data to measure and study to fully  

understand the usage of biochar in agriculture and its impact on GHG emissions. 

“More studies should be developed in order to establish the best management  

practice for each agroecosystem,” he says. 

 

The Costa Rican native thanks his mentor, Dr. Sandeep Kumar, and graduate students 

from SDSU’s Soil Physics Laboratory for their help with his research. “My advisor  

provided me with research done by him and others related to this subject. I got  

Immersed into my research area quickly with the help of graduate students from the 

lab,” says González. 

 

Vegetable Oil Becomes Fuel  

Using Biochar and Manure to affect Greenhouse Gases 

and Soil Labile Carbon Fractions  
José Gonzalez, Agronomy 

José González 
Agronomy 

TOC machine ready to run 
samples.  



Emerging pathogens have drastic impacts on entire industries—in 2014 and 2015,  

influenza A caused substantial economic loss in the swine and poultry industries.  

Dangerous pathogens also pose threats to the human population, and early detection of 

highly infectious diseases, such as Ebola, is of paramount importance in ascertaining the 

safety of our public. 

 

Current assays for diagnosis of viruses like influenza are based on antigen-antibody  

interactions and nucleic tests, which take a minimum of two to three days to evaluate. 

Development of a rapid, efficient on-site biosensor is vital for maximizing counteractive 

efforts and minimizing loss. Graphene biosensors offer a highly conductive, functional, 

and spacious base to create a reusable biosensor. 

 

Kristen Lacey, an Agricultural and Biosystems Engineering major from Mississippi State 

University, conducted experimental research using a graphene base to create a buffer 

solution that would properly exhibit oxidation or reduction of the graphene surface,  

preparing the electrode for the addition of a DNA probe.  Lacey placed 50mL of 0.1 M  

potassium chloride and 5.0 M ferricyande solution onto the center of graphene-coated 

electrode. The electrode was then connected to the EC-Lab Software, and a cyclic  

voltammetry graph was produced using Electrochemical Impedance Spectroscopy (EIS), 

which exhibits increasing and decreasing values of voltage, as well as a relative axis of 

symmetry. 

 

Both of those characteristics indicate the occurrence of a redox reaction, demonstrating 

that Lacey’s solution created to coat the graphene biosensor was effective in oxidation. 

 

With the redox reaction complete, the ssDNA that will be used as a DNA probe for the 

biosensor may now be attached by dropping it into the modified surface and incubating 

it. From there, the complimentary antigen sample may be introduced, and afterwards 

binding of the cyclic voltammetry graph may be reassessed to determine if the probe was 

successful. 

Graphene Biosensors 

Using Graphene Base Biosensors to Detect Surfacing Pathogens  
Kristen Lacey, Agricultural & Biosystems Engineering 
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The ideal crystalline structure of graphene is a hexagonal grid.  

A cyclic voltammetry 
graph made using EIS. 

Kristen Lacey 
Agricultural &  

Biosystems Engineer 



Production of Pullulan from Soybean Industry 
Wastewater Using Aureobasidium Pullulans 
Transforming a Waste Product and Making It Usable  
 

Camille Massmann, Biochemistry and Biotechnology 

Food and pharmaceutical producers make use of edible films in many of their 

products. The films need to be safe for consumption and economical to produce. 

Pullulan, an exopolysaccharide produced by the yeast-like fungus Aureobasidium 

pullulans, is one such edible biofilm.  

 

Soybean processing wastewater is an industrial by-product of soybean processing 

for feed meal.  After the oils are extracted from the soybean, the solid remains, 

which is considered a soybean meal, are separated and used for feedstock while 

the liquid is discarded.  However, this liquid has a high dissolved protein content as 

well as relatively high concentrations of minerals such as zinc, manganese, and 

iron.  

 

Camille Massman, a junior Biochemistry and Biotechnology major from South 

Dakota State University, worked in an industrial Microbiology lab to evaluate the 

possibility of utilizing soybean processing wastewater for the production of the 

high-value Pullulan using the fungus, A. pullulans.  

 

Research concluded that soybean processing wastewater can be used as a very 

effective growth media for the production of A. pullulans, taking Massman one 

step closer to being able to make use of a waste product. For further studies, she 

proposes using enzyme assays and high-performance liquid chromatography  to 

accurately measure the true Pullulan instead of the crude Pullulan content.  

 

An avid researcher, Massman thanks her research mentors for providing  

support and direction throughout the program. “Our mentors were passionate 

about what they do and that came through in what they expected of us. They 

pushed us to work really hard and were always there to point us in the right  

direction, so in the end we had some really great results,” she says.  

Aureobasidium pullulans under a microscope.   
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Inoculated flasks at 120 hours of incubation showing 
varying melanin production of the organisms.  

Camille Massmann  
Biochemistry and Biotechnology  



Energy storage is becoming a limiting factor in green energy production. Supercapacitors are an efficient 

energy storage model due to their high power density, increasing capacitance, long life cycle, and ability 

to charge rapidly. Based on the high surface area required of the electrodes, carbon materials such as 

graphene and activated carbon are an area of great interest for improving performance and expanding 

the application and efficiency of supercapacitors. 

 

Sargassum horneri seaweed is endemic to the seas of Korea and Japan and is an invasive species off the 

coast of southern California. It grows rapidly and may outcompete native species. Currently, there is 

little economic value to harvesting S. horneri, resulting in its continued growth on the California coast. 

 

Bradley Jones, a Civil Engineering major from Montana State University, worked on developing a  

supercapacitor from seaweed-derived graphene with a high capacitance and energy density comparable 

to a lithium ion battery in order to create a demand for invasive seaweed species. 

 

Carbon preparation began by soaking seaweed in a nickel nitrate and potassium hydroxide solution. The 

seaweed then underwent pyrolysis at 400oC for one hour followed by graphenization at 700 oC for one 

hour. The carbon sample was then placed in 6 M of hydrogen chloride at 100 oC for 24 hours to  

precipitate nickel as nickel chloride. The carbon sample was washed with deionized water until the  

carbon pH was 7. 

 

Jones determined the surface area of the sample using a Surface Area Analyzer and the BET Theory. 

Transmission Electron Microscope (TEM), was used to study pore size and structure, and a cyclic  

voltammetry graph was used to determine electrochemical properties. 

 

Research concluded that surface area and pore volume shared an inverse relationship; as such, the 

mesh (particles size) 40 particles presented the greatest surface area with larger pore sizes,  

demonstrating that more micropores tend to increase specific capacitance. Further, all samples showed 

highly rectangular cyclic voltammograms, indicating high capacitor performance and behavior. 

 

Looking to the future, Jones hopes to develop a method to adapt the development process to be  

produced at an industrial scale, as well as developing further reasons for harvesting invasive species 

such as S. horneri. 

Seaweed: Powering Future Electric Vehicles 

Development of Supercapacitors from Macroalgae-

Sourced Graphene: Creating Use for an Invasive Species  
Bradley Jones, Civil Engineering 

Blade of immature “devil weed” (Sargassum horneri).    

Graphene structures 
grown around a nickel 
core. Seaweed AC at a 
100 nm scale. 

Nanoporous graphene struc-
tures in seaweed AC. 
Seaweed AC at a 5 nm scale 

Brad Jones 

Civil Engineering 



Agricultural practices use large amounts of nutrient-rich fertilizers to optimize soils.  

However, excess nutrients not utilized by crops or held by the soil are transported via  

agricultural runoff during events of snowmelt or rainfall. Surplus nutrients such as  

nitrogen and phosphorous are pollutants to bodies of water and lead to eutrophication, 

which often results in hypoxic zones. In addition, heavy metals enter waterways and  

bio-accumulate in aquatic organisms, consequently harming both the organisms and their 

consumers. 

 

Annika Oetken, a senior Chemical Engineering major from Montana State University, 

worked on developing a better understanding of the effectiveness of biochars in  

removing nutrients and metals from surface agricultural runoff. She collected water  

samples from several sources and filtered them through columns in which she had placed 

specific biochars. The filtrates were then analyzed for dissolved phosphorous, nitrate, 

iron, and aluminum concentrations. 

 

Oetken’s research found that although biochar was not effective in removing nutrient 

pollution from agricultural runoff, it was effective in removing low concentrations of 

heavy metal pollution. 

 

With plans to work in environmental engineering and conservation, Oetken says biochar 

research at SDSU is important for agriculture as well as renewable energy and  

environmental conservation. She adds that working alongside her mentor and graduate 

students from around the globe helped familiarize her with a broader range of concepts. 

“I got to know people from Botswana, Bangladesh, Nepal, and South Korea. Getting the 

opportunity to form new friendships and explore an unfamiliar area while applying my 

educational experience to the laboratory is what made the USDA-NIFA fellowship a very 

valuable program,” she says. 

 

Oetken also had the chance to study different bioreactors in the field and to observe  

several of the graduate students’ final defenses. 

Runoff Pollution  
Assessing Pollutant Removal from Agricultural Runoff using 

Biochar 
Annika Oetken, Chemical Engineering 

View of runoff, transporting potential pollutants, from a 
farm field during a rainstorm.  

Annika Oetken 
Chemical Engineering 

Filtration columns set up us-
ing burette clamps and ring 
stands.  



The United States is currently dependent on importing most of its fuel in the form of oil. 
To achieve self-sufficiency, the U.S. needs new processes to yield energy at home. 
While promising biofuel upgrading processes exist, further improvements must be 
made before they are implemented at the industrial level for large-scale production. 
 

Lucas Ramos, senior Chemical Engineering major from the University of  
Massachusetts Amherst, aimed to develop a new process to upgrade bio-oil into  
biofuels. Ramos designed and built a continuous reactor in which he treated the  
catalyst, ZSM-5, with plasma. He then analyzed the catalyst’s nanostructure using 
Transmission Electron Microscopy to determine plasma’s effect. Following the  
regeneration of ZSM-5’s nanostructure, Ramos attempted to upgrade vaporized  
vegetable oil by placing it in the reactor with plasma and the catalyst. 
 

Research concluded that treating ZSM-5 with plasma could regenerate the deactivated 
catalyst down to the nanostructure level. Unfortunately, Ramos discovered that the 
vaporized vegetable oil condensed too quickly and was unable to move through the 
electric field created by the plasma. However, he has not given up. “There is still  
potential for this process to be effective,” he says. 
 

Nevertheless, Ramos appreciates the experience he garnered. “Being part of a research 
lab is a unique growth experience because you have to manage your own time and  
always take initiative with your work. On top of that, my project was genuinely  
interesting to work on, so academically, I really enjoyed the experience.” 
 

Ramos adds that he recommends the program to students wanting to conduct  
in-depth, hands-on research. “I definitely recommend this to a STEM major, particularly 
if they do not have any independent study experience as it helps to determine if you 
are interested in research while also building a lot of important skills that do not get 
enough attention in school,” he says. 
 

With interest in renewable technologies—particularly in photovoltaics—Ramos hopes 
his impact as a researcher will result in a more rapid and efficient transition from  
reliance on fossil fuels to an energy-independent society. 

 

Vegetable Oil Becomes Fuel 
Plasma Assisted Catalysis to Upgrade Bio-Oil into Biofuel 
Lucas Ramos, Chemical Engineering 

Energy Arc; central electrode of a Plasma Lamp.  

Lucas Ramos 
Chemical Engineering 

Vegetable oil condensing 
in reactor before being 
treated with plasma.    

ZSM-5 catalyst undergoing plasma treat-
ment in a custom-built plasma-assisted 
catalysis reactor.  



Modern swine barns utilize boot baths to disinfect boots thereby protecting hundreds of pigs 

from simultaneous outbreaks of diseases. Proper maintenance and concentration of boot baths 

reduces transmission of disease-causing organisms. Due to the increasing importance of  

biosecurity procedures and protocols, Jane Rouse took a rigorous scientific look at the  

effectiveness of the long-time industry standard of changing boot baths weekly. Her summer  

research project findings were immediately adopted at South Dakota State University farms and 

have the potential to spread across the industry. 

 

Jane Rouse, senior Biomedical Engineering major from the University of Maryland, tested the 

efficacy of biosecurity measures in swine barns. Rouse collected daily samples from eight  

solutions and measured their Minimum Inhibitory Concentration (MIC) to determine the lowest 

dilution that could still prevent bacterial growth. Rouse also analyzed contamination by plating 

the samples on half MacConkey’s agar and half Sheep’s Blood agar. After pouring off the  

supernatant, the pellet was weighed to determine contamination and traffic. 

 

Research concluded that in order to properly maintain sanitization, baths with high traffic—

roughly 75 or more passes per week—should be changed every two to three days. Baths with 

moderate traffic—about 40 or more passes—should be changed every four to five days, and 

baths with minimum traffic could continue being changed weekly. 

 

In addition to her research, Rouse participated in other projects such as designing an experiment 

to test nipple drinker flowrates and assisting in pig nutrition studies, a task that involved placing 

cannulas in pigs. “My advisor allowed me to come along to everything he was involved in during 

the fellowship. I think just the variety of opportunities I was able to have was astounding,” she 

says. 

 

As a volunteer with GEMS (Girls in Engineering, Math, and Science) helping introduce young girls 

to scientific research, Rouse believes the USDA-NIFA program was advantageous for her  

education. “This program gave me a lot of exposure into the possibilities within my field that I 

otherwise would have had no knowledge of. This is an amazing program that really gives a lot of 

background and offers new ideas to those participating—I would absolutely recommend it to  

everyone,” says Rouse. 

Boot Baths and Biosecurity  
The Effect of Traffic and Time on Efficacy of Swine Biosecurity 
Jane Rouse, Biomedical Engineering 

Jane Rouse 
Biomedical Engineering 

Students and faculty observe SDSU’s Sow    
Teaching and Intensive Research Complex.  

Comparison of a recently changed boot bath 
(left) and a week-old boot bath (right).  



General Inquiries 

Jasmine Greene 

Program Coordinator  

 

Phone: 605-688-5144 

Email: Jasmine.Greene@sdstate.edu 

 

  

Research-Related Inquiries 

Dr. Zhengrong Jimmy Gu 

Associate Professor 

 

Phone: 605-688-5372 

Email: Zhengrong.Gu@sdstate.edu 
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Jerome J Lohr College of Engineering 
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Brookings, SD 57007 
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