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TO REALITYFROM 
VISION

TRANSFORMATIONAL $300 MILLION 
GIFT CONTINUES TO PAY DIVIDENDS

Nearly two years after June Kummer and her late 
husband, Fred S. Kummer, gave $300 million to 
Missouri S&T, their vision continues to transform S&T.

�e gift created the Kummer Institute for Student 
Success, Research and Economic Development. 
�e institute is designed to increase access to 
STEM education, strengthen Missouri’s economy, 
and establish new research and development 
partnerships with Missouri manufacturers 
and state and national funding agencies.

�e Kummers’ gift has led to several initiatives 
at S&T to carry out their vision. �ey include:

• Four new research centers that build on 
S&T’s strengths in infrastructure, advanced 
manufacturing, advanced and resilient 
arti�cial intelligence and autonomous 
systems, and resource sustainability. 

• New endowed chairs and professorships 
supported by Kummer funds (see page 17).

• Research Ignition Grants for 
proposed development grants for 
S&T researchers and instructors.

• �e Missouri Protoplex, the �rst building of 
a proposed manufacturing technology and 
innovation campus that will serve as an R&D 
hub for manufacturers across the state  
(see page 16).

• �e Innovation Lab, which will give 
students room to collaborate in 
makerspace areas and “idea labs” for 
brainstorming and generating ideas, as 
well as various student support services. 

• �e Kummer College of Innovation, 
Entrepreneurship and Economic 
Development, which builds on 
S&T’s strengths in STEM �elds.

• �e Kummer Innovation and 
Entrepreneurship (I&E) Doctoral Fellowship, 
which supports STEM-focused Ph.D. 
students interested in technological 
innovation and entrepreneurship. 

• �e Kummer Vanguard Scholarship 
program, which provides scholarships for  
up to 500 �rst-year S&T students yearly.

• �e Kummer Center for STEM Education, 
which provides resources and outreach for 
elementary and secondary school students in 
Missouri and trains teachers in STEM �elds.

Images: Artist renderings 
for S&T’s Innovation Lab 
by Dake Wells Architecture





SOLVING FOR 
SUSTAINABILITY

Missouri S&T is helping society adapt to 
meet the long-term needs of our planet and 
its inhabitants without compromising the 
needs of future generations. And that theme 
of sustainability runs throughout S&T’s 
research programs, touching on many �elds 
of study, from social sciences to engineering 
and from physical sciences to business. 

S&T researchers study the responsible use 
of materials, energy and natural resources 
while developing new ways and new materials 
to solve today’s challenges as well as 
those that haven’t yet been imagined.

Here are a few notable ways S&T is 
building a more sustainable future.

GET YOUR FEET WET
Missouri S&T’s “Getting your feet wet” 
program is advancing geoscience 
education using water-based �eld 
experiences. �e National Science 
Foundation-funded program aims 
to recruit students into this �eld 
and train high school teachers 
to integrate geoscience �eld 
activities into the classroom. 
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A MATTER OF DEGREES
As the demand for environmentally focused 
education rises, S&T is responding with 
new degree programs — a bachelor’s degree 
in environmental science and a master’s 
degree in water science and engineering — 
to address this growing interest.

 Missouri S&T’s leadership in environmental 
education extends to 2004, when S&T 
established Missouri’s �rst environmental 
engineering degree program. Other programs, 
including civil engineering, electrical 
engineering, geology and geophysics, 
geological engineering, and mining 
engineering, o�er specialized degrees related 
to sustainability. �ey include solar energy, 
environmental protection and hazardous waste 
management, groundwater and environmental 
geochemistry, and sustainable development. 

THE ROOF IS GREEN
�e Green Roof atop Missouri S&T’s Emerson 
Hall features 16,000 plants arranged in the 
shape of a shamrock — a nod to the university’s 
St. Pat’s tradition — and provides research 
and teaching opportunities for faculty and 
students. Most of the plants growing on the 
roof were chosen for their ability to thrive 
in direct sun and wind with limited water.

 �e roof is divided into three sections, 
each covered with di�erent roo�ng materials, 
which allows S&T researchers to compare 
the water runo� control, water quality and 
thermal properties of each material.

Photo: Tony Munnings investigates plants’ 
role in cleaning pollution from soil and water.
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SUNSHINE
Missouri S&T is home to six solar-powered 
houses designed and built entirely by S&T 
students for international Solar Decathlon 
competitions. �ese literal living laboratories 
actually house students. Missouri S&T’s Solar 
Village and EcoVillage are equipped with 
solar-based microgrids that demonstrate 
the viability of alternative energy sources. 
S&T’s Solar Car Design Team has been 
showcasing the power of the sun since 1993 
and has won two national championships. 

CREE BRINGS ENERGY AND 
ENVIRONMENT TOGETHER
�e Center for Research in Energy and 
Environment (CREE) is the focal point of 
sustainability research at S&T. Environmental 
technologies and deployment related to 
energy come together to bene�t the university, 
Missouri and the nation. CREE’s students 
and faculty research environmental and 
economic sustainability issues, such as how 
emerging contaminants from pesticides, 
pharmaceuticals and other sources a�ect 
natural and engineered systems.

SOLVING FOR 
SUSTAINABILITY
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GROWING FILMS OF GOLD
Missouri S&T chemistry researcher Jay A. 
Switzer  patented a method of creating metal 
foils with ordered crystal structure that could 
be used to manufacture electronics, especially 
the �exible electronics used in wearable 
technology. He uses a silicon template to shape 
and form thin, high-performance metal �lms of 
gold, silver or copper that remain �exible and 
maintain the order of the silicon substrate.

“With this new method, we are able to produce 
gold foils by epitaxial lift-o� from silicon single 
crystals,” says Switzer, Chancellor’s Professor 
and Curators’ Distinguished Professor emeritus 
of chemistry at S&T. “We use gold, which in 
bulk is quite expensive, but we work with gold 
that is only nanometers thick, so the cost is 
pennies instead of thousands of dollars. �e 
gold is thin enough to be quite transparent.”

Switzer creates high-performance inorganic 
“epitaxial” �lms. Epitaxy is the growth of 
crystals, or thin �lms, whose orientation is 
determined by the crystalline substrate they 
are layered on. Perfectly aligning the atomic 

structure of these crystals with their substrate 
creates a �lm with superior electronic and 
optical properties that rivals the attributes 
of more expensive single crystals.

“Electronic devices are usually based on 
highly ordered single crystals such as single-
crystal silicon, but �exible electronics are 
often based on polycrystalline or amorphous 
materials that have less ideal electronic 
properties due to the lower crystalline 
perfection,” says Switzer. “�is patent explains 
how to produce highly ordered gold foils 
that can serve as the substrate for depositing 
highly ordered and �exible semiconductors.”
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N
iranjana Krishnan , assistant research 
professor in biological sciences 
at Missouri S&T, says that certain 
insecticides have less impact than 

others on animal habitats. Krishnan published 
her research on milkweed plant habitats 
near corn and soybean �elds in the journal 
Environmental Toxicology and Chemistry.

In the article, Krishnan reviewed the toxicity 
of six insecticides commonly used in leaf 
and seed treatments in Iowa and how they 
a�ect nearby monarch butter�y larvae.

“To reverse the decline of North America’s 
eastern monarch butter�y population, 
there is a need to establish and maintain 
milkweed plants near agricultural landscapes 
in the north central region of the United 
States,” says Krishnan. “Approximately 50% 
of the monarchs overwintering in Mexico 
originate in this area and it is vital to 
improve our summer breeding success.” 

Monarch butter�ies recently were added to 
the endangered species list of the International 
Union for Conservation of Nature. 

Krishnan’s study focused on the e�ects of 
several widely used insecticides — including 
pyrethroid, organophosphate, diamide and 
neonicotinoid — on the di�erent life stages of 

monarchs. She also looked at the toxicity caused 
by direct exposure and from dietary residues 
on milkweed plant habitats that are near 
farmland and are treated with the insecticides.

“�e research team I was a part of was able 
to con�rm that exposure to several of these 
insecticides caused butter�y mortalities,” says 
Krishnan. “�ere are several variables at play 
and even wind direction during spraying could 
impact mortality; typically, only downwind 
habitat would have insecticide drift. Upwind 
milkweed habitats would remain una�ected.”

�e �ndings conclude that aerial application 
of the insecticides cause greater mortality 
in downwind monarch caterpillars than do  
ground boom applications. In the research, it 
was found that the least toxic insecticides were 
neonicotinoid- and organophosphate-based.

Krishnan specializes in insect toxicology 
and ecological risk assessment. She hopes to 
develop laboratory-based and computational 
methods to better predict risk of pesticide 
exposures to insect species of conservation 
concern. She received a $300,000 grant from 
the U.S. Department of Agriculture to study 
the mechanism through which neonicotinoids 
disrupt pupation in moths and butter�ies.

SAVING BUTTERFLIES W
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A 
circular economy is a production and 
consumption model that reduces material 
use, optimizes resources and promotes 
recycling or reusing waste materials. It 

has played a role in packaging for years by 
encouraging recycling and keeping packaging 
materials out of land�lls. Now, with support from 
the Kummer Innovation and Entrepreneurship 
Doctoral Fellow Program, a Missouri S&T 
graduate student hopes to bring the concept 
to construction by studying ways to build 
structures that incorporate reusable, modular 
components and materials that could be 
recycled at the end of the building’s useful life.

“�ere are design strategies that involve 
disassembly and reuse,” says researcher 
Radwa Eissa, who is working toward a Ph.D. in 
civil engineering. “Buildings can be designed 
for two lifespans, �rst for one use and then 
for a di�erent use. �ere are also strategies to 
extend the life cycle of the building itself.”

Eissa says newer technologies such as 3D 
printing and blockchain can help establish 
the circular economy in construction by 
streamlining construction and certifying 
that sustainable materials are used. She 
says building information modeling (BIM) 
can help eliminate waste by managing data 

to create a digital model that represents 
a building’s lifecycle, from the planning 
stages to the end of its useful life.

Eissa also wants to develop a metric to 
measure the circular economy. She says 
there are metrics in current literature, but 
no uniform measurement. �e metric is 
important to show the transition to circular 
construction models and ultimately a 
more sustainable built environment.

“We can’t have a circular economy while 
using extensive amounts of water and 
energy,” Eissa says. “�e transition has 
to include water and power e�ciency in 
building construction and operation.” 

�e Kummer I&E Fellows program is one of 
several new initiatives established through June 
and Fred Kummer’s $300 million gift to S&T. 
�e program encourages inventive students to 
pursue doctoral degrees and strengthen applied 
research, technological innovation and economic 
development in the region, state and nation. 
�e program is limited to 100 scholars each 
year and is open to domestic and international 
students. Each Kummer I&E Fellow receives 
a 12-month fellowship and tuition remission 
for required course work for up to four years.

ECONOMICS 
IN THE 
ROUND

“Buildings can be 
designed for two 
lifespans, �rst  
for one use and 
then for a different 
use. There are also 
strategies to extend 
the life cycle of  
the building itself.”

Radwa Eissa
Kummer I&E Fellow
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RENEWABLE ENERGY 
RESEARCH TAKES FLIGHT 
The Solar Energy Industries Association 
predicts that the demand for solar 
energy in the U.S. will quadruple from 
current levels by the end of the decade. 
Missouri S&T graduate student  Xinzhe 
Yuan  (pictured below) has come up 
with a way to address this challenge. 

Yuan uses drones mounted with 
thermal and hyperspectral cameras to 
inspect solar panels for damage from 
the air. His idea won a $70,000 Laegeler 
Sustainable Energy Fellowship�— from 
Concept to Reality. The fellowship, 
created by Missouri S&T graduates 
Andy and Molly Laegeler, will provide 
a stipend and bene�ts for Yuan to 
conduct postdoctoral research at S&T.

“If panels have surface defects, it 
can affect the output of solar farms,” 
Yuan says. “The traditional approach is 
to send people with thermal cameras 
to inspect the panels, but that is 
not very ef�cient. Drones are much 
faster and can quickly determine 
which solar panels need repair.”

Yuan says that based on data from a 
California solar farm, it takes humans 
195 hours to inspect the farm’s 
solar panels. Drones equipped with 
thermal and hyperspectral cameras, 
which can capture images the human 
eye cannot see, did the work in four 
hours. The farm saved $20,000.

Yuan’s research is supervised 
by Rui�Bo , assistant professor of 
electrical and computer engineering; 
Casey Can�eld , assistant professor 
of engineering management and 
systems engineering; Sanjay Madria , 
Curators’ Distinguished Professor of 
computer science; and Genda�Chen , 
the Robert W. Abbett Distinguished 
Professor of Civil Engineering.

DISSOLVING GLASS
Medical devices made of bioactive glasses and 
metals that dissolve at the end of their operational 
lifespan could replace other types of implants 
and eliminate the need for invasive removal once 
they have served their purpose, say Missouri S&T 
researchers who received a patent for their implant.

“Glass is an excellent material for packaging and 
substrate layers in implanted solid-state devices 
including sensors and actuators,” says Chang-
Soo Kim (pictured above), professor of electrical 
engineering. “Depending on the combination of 
materials, you can develop a bioactive glass that 
degrades very slowly or very quickly, based on 
the required operational time for the device.”

As lead researcher on the project, Kim 
worked with Richard Brow , Curators’ 
Distinguished Professor of ceramic engineering; 
and Delbert Day , Curators’ Distinguished 
Professor emeritus of ceramic engineering 
and inventor of bioactive glasses for cancer 

treatment, bone tissue regeneration and wound 
healing. Kim designed the devices’ electrical 
functions, and Brow and Day designed the 
glasses used in the implants. Former S&T 
metallurgical engineering professor Matthew 
O’Keefe also contributed to the research.

Kim says the resorbable implants eliminate 
the need for additional surgery to remove a 
sensor or other functional device when it is 
no longer in use. He says that is especially 
important for biodegradable devices designed to 
be implanted in the brain or other organs deep 
inside the body. Kim says the implants can also 
be used for drug delivery or tissue healing.
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With $2 million in funding from a NASA project to develop lunar 
infrastructure, Gertsch, associate professor of geological engineering, is 
coordinating S&T’s e�orts to use electrostatic and magnetic extraction 
techniques to separate anorthite from lunar soil known as regolith. 

Anorthite is a type of feldspar — a group 
of minerals that are found in rocks all over 
the world and make up more than 50% of 
the Earth’s surface. Anorthite contains the 
calcium and magnesium needed to make 
parts for manufacturing equipment on the 
moon, which NASA believes is more e�cient 
than launching supplies from Earth.

“We’ll be testing our processes in air and in 
a vacuum, and in cold and hot temperatures 
that mimic lunar conditions,” says Gertsch. 
“We’ll use simulated regolith that is the best 
estimate of what lunar soils are like.”

Missouri S&T is one of three universities 
chosen for di�erent aspects of the project. 
As S&T’s team develops mineral extraction 
processes, a team from Colorado School of 
Mines will develop tools and methods that will 
allow robots to build landing pads and living 
quarters. A team from Auburn University will 
create new electronics that maintain reliability 
despite the extremely cold lunar environment.

“If we can make the processes e�ective 
enough and e�cient enough that we can 
get the materials to build what we need 
on the moon, then we will have made a 

huge step forward in sustainably living 
and working in space,” Gertsch says.

Joining Gertsch in S&T’s research are 
Fateme Rezaei, associate professor of chemical 
and biochemical engineering; David Bayless , 
professor and chair of mechanical and  
aerospace engineering; Daoru Han , 
assistant professor of mechanical and 
aerospace engineering; Je�rey Smith , 
professor of ceramic engineering; and 
William Schonberg , professor of civil, 
architectural and environmental engineering. 

�e team will work with industrial partners 
from Bechtel, an engineering company 
based in Reston, Virginia; Honeybee Robotics 
Spacecraft Mechanisms Corp., headquartered 
in Brooklyn, New York; and O� Planet Research, 
a company based in Everett, Washington, 
that makes simulated extraterrestrial soil.

Before humans can 
successfully live on the 
moon, we have to find 
efficient and cost-effective 
construction methods. And to 
do that, we must develop the 
necessary materials on the moon. 

Enter Leslie Gertsch.

LUNAR 
LIVING
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W
hen NASA sends humans to the moon for the �rst time 
in nearly 50 years as part of its Artemis Exploration 
Program, research conducted by Missouri S&T aerospace 
engineering Ph.D. student David Lund  will help crew 

members understand how plasma interacts with lunar surface dust.
Lund received a NASA Space Technology Graduate 

Research Opportunity award to support his research.
Lund says solar winds and photoemissions positively charge 

sunlit surfaces and negatively charge shadowed regions. �is 
electrostatic environment creates a plasma region that charges 
dust grains and sends them aloft if the uplifting electric force on 
the dust grain is stronger than the downward gravitational force. 
Once aloft, charged dust grains may accumulate on astronauts’ 
spacesuits and equipment. Strong electrical �elds may discharge 
and arc, seriously a�ecting activities on the lunar surface.

Lund will collaborate with the Electrostatics and Surface 
Physics Laboratory at NASA’s Kennedy Space Center to 
develop accurate and e�cient computational models of the 
interactions between plasma and surface dust, from microscopic 
charging to macroscopic transport of dust grains. 

Previous e�orts focused on one scale or the other, Lund says, but 
no current known model links the two scales together. Varying space 
and time scales of physics — from micrometer-scale dust charging 
to meter-scale dust transport — and sources of uncertainty like 
dust size and ambient plasma environment present challenges. 

Lund’s summer research at Kennedy Space Center 
will address those challenges. �e award will also help 
Lund ful�ll his career aspiration to work at NASA.

DREAMING OF RESEARCH 
ON THE MOON

 

CREATING RESILIENT ENERGY

Extreme events like dramatic temperature shifts, hurricanes and cyber 
attacks can quickly put the nation’s energy infrastructure  
at risk. But Jacob Hale, a post-doctoral researcher in engineering 
management and systems engineering at S&T, has designed an 
energy grid resilient and secure enough to withstand extreme 
events while suf�ciently agile to meet future sustainability goals. 

Using the state of Missouri as an example, Hale predicted how a 
gradual shift from coal to renewable energy would change carbon 

emissions and resource use. His model shows that a shift to wind or 
solar energy would greatly reduce emissions and the amount 
of water used, but would also require a large amount of land devoted to 
energy generation. Transitioning energy systems to “net zero” pollution 
is Hale’s main target, but any new energy infrastructure needs to be 
resilient, adaptable and secure enough to withstand extreme events and 
variable demand to avoid cascading failures, such as power outages.
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Clean energy? Maybe, but we still need mining.  
Clean energy may mean less mining for coal, but it also means expanding 
mines or opening new ones to unearth minerals like cobalt for alloys 
and batteries, tellurium for solar cells and semiconductors, and 
germanium for transistors in electronic devices, says Michael Moats , 
professor and interim chair of materials science and engineering. 

Moats, who heads the Thomas J. O’Keefe Institute for the Sustainable 
Supply of Strategic Minerals at Missouri S&T, says current cobalt mining 
yields about 100,000 tons per year. To meet future green energy goals, he  
says, cobalt production would need to double by 2030 and triple by 2050. 
Current production comes mainly from the Democratic Republic of Congo  
and is re�ned by China.

“It becomes an issue of how much control you want over 
your supply chain and how dif�cult it can be to bring supplies 
from overseas during wartime or political upheaval,” says 
Moats. “It’s a very complex discussion because it involves 
energy, defense, economics, diplomacy and other areas.”

Moats says the United States has cobalt assets in Missouri, 
Minnesota and Idaho, but production trails other sources 
because the U.S. permit process takes years. U.S. resources are 
comparatively small, he adds, and the U.S. lacks the smelters 
to re�ne materials from ore and existing mine tailings.

Moats testi�ed to members of the U.S. House Committee on Natural 
Resources in spring 2021 that few U.S. universities offer degrees in 
mining or metallurgical engineering. S&T has one of 11 mining engineering 
programs accredited by ABET and is one of only seven U.S. schools 
that offer ABET-accredited metallurgical engineering programs.

In his testimony, Moats recommended that the federal 
government create a mining and metallurgy innovation center to 
foster research and build interest in critical metals production. 

“We want to promote science-based policy at the O’Keefe 
Institute,” Moats says. “We want to be engaged in the conversation 
to �nd solutions in the best interests of all stakeholders.”

Michael Moats  recommended that 
the federal government create a 
mining and metallurgy innovation 
center to foster research and build 
interest in critical metals production.
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ANCIENT PROFESSION PLAYS CRUCIAL 

ROLE IN CONTEMPORARY LIFE 
 

If you think of mining as an antiquated,  
old-tech industry, Kwame Awuah-Offei  
suggests you consider your smartphone.

“�ere are 46 elements in your iPhone, 
and every one of them comes from the 
earth,” says Awuah-O�ei, Union Paci�c/
Rocky Mountain Energy Professor in mining 
engineering and chair of mining and 
explosives engineering at Missouri S&T.

Your smartphone is a marvel of mining, 
which had a production value of over 
$82 billion in 2020, according to the 
U.S. Geological Survey. Its ingredients 
include aerospace-grade aluminum in 
the case, lithium cobalt oxide chemistry 
in its battery cathode, rare earth metals 
that bring color to the screen and 
myriad materials in the electronics.

Even if the smartphone market slows, 
Awuah-O�ei sees continued strong demand 

for mining and minerals. Industries as diverse 
as aerospace, computing, construction and 
electronics rely on minerals, he says. 

“As the old saying goes, ‘If it can’t be grown,  
it has to be mined,’” he says.

Awuah-O�ei is not alone in his belief in 
the importance of mining. George Webber, 
a mining engineering consultant with two 
mining engineering degrees from S&T, has 
been in the business for almost 50 years. He 
and his wife, Helma, recently established 
a $1 million scholarship endowment to 
help mining engineering students at S&T. 

“We need more mining engineers 
than ever before,” he says. “Everything 
in this world is based on minerals.”

LET’S TALK MINERALS
What are critical minerals, where do we �nd 
them, and why are they critical? Leading 
critical-minerals experts from across 
the country discussed these questions 
and more during two annual workshops 
Missouri S&T hosted in 2021 and 2022. 
The workshops examined mining of cobalt, 
germanium, tellurium, and rare earth 
elements used in magnets and electronics.

“The term ‘critical minerals’ describes 
commodities whose unreliable supply  
threatens our nation’s economy and 
defense,” says Marek Locmelis , assistant 
professor of geology and geophysics 
at Missouri S&T. “The critical-minerals 
discussion cuts across a variety of 
disciplines, from mining and geosciences 
to public policy to environmental 
considerations. Important concerns are 
sustainability, ethical and responsible 
sourcing, and research for compounds 
that could replace critical minerals.”

The National Science Foundation 
funded the workshop as part of the 
national conversations about critical 
minerals. The workshops will continue 
to bring together representatives 
from higher education, industry and 
government to help spur action and 
disseminate research on critical minerals.

“Because the critical-mineral challenge 
will stay with us for decades, we look 
forward to developing the workshop 
into a regular series of meetings 
in the future,” Locmelis says.

MODERN MINING: 
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2. Rainer Glaser , professor of chemistry, 
was elected a fellow of the American 
Chemical Society. His research has 
led to new classes of optical materials 
and the exploration of carbon dioxide 
capture from air with peptides inspired by 
rubisco, an enzyme found in all plants.

3. Frank Liou , the Michael and Joyce Bytnar 
Professor and director of manufacturing 
engineering, was named to the College of 
Fellows of the Society of Manufacturing 
Engineers in recognition of his research 
in metal additive manufacturing.

4. Chenglin Wu , an assistant professor of 
civil, architectural and environmental 
engineering, won a CAREER Award 
from the National Science Foundation. 
Wu is developing metals that are three 
atoms thick to save space and improve 
performance in electronic devices.

5. Daoru Han, assistant professor of 
mechanical and aerospace engineering, 
received the Young Investigator Award 
from the Air Force Of�ce of Scienti�c 
Research to support his research on 
electrospray propulsion systems.

1

2

1. Anthony Convertine , the Roberta and 
G. Robert Couch Assistant professor of 
Materials Science and Engineering, was 
elected a senior member of the National 
Academy of Inventors. Convertine patented 
a way to create a new generation of 
therapeutic molecules that more effectively 
treat disease with fewer side effects.

ACCOLA DE
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3

5

4

Eighty-one current and former Missouri S&T 
faculty members are among the top 2% of 
researchers in their field, according to a 2021 
Stanford University analysis. The Stanford 
study analyzes the number of research 
publications, citations and other measures 
of research productivity and included  
both career-long and single-year impact.

A DES
�2�ÏTOP 2%
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W
hen it opens in July 2025, the Missouri 
Protoplex will dramatically expand 
Missouri S&T’s footprint on the 
north side of Interstate 44, where it 

will anchor the university’s manufacturing 
technology and innovation campus. 

It will also signi�cantly increase the 
ability of companies — from smaller 
manufacturers to Fortune 500 �rms — 
to innovate. Inside the Protoplex, S&T 
researchers will conduct highly applied 
manufacturing technology research using 
full-size equipment rather than fundamental 
research with benchtop equipment. 

�at’s a huge di�erentiator. �e expertise 
of engineers is often broad, enabling them to 
develop new products. Faculty expertise tends 
to be deep but in a narrow domain, which 
equips them to address complex technology 
challenges. �e vision of the Protoplex is to 
create an environment that fosters strong 
industry-university collaboration that draws 
on this breadth and depth and the use of 
full-scale advanced manufacturing machines 
recommended by industry to more quickly 
develop new products or prototypes. �e 
Missouri Protoplex will put a range of skills 

and specialties, along with the right equipment 
and the expertise to use it, under one roof. 
By engaging with S&T, manufacturers will 
be able to conduct the research required to 
innovate in a state-of-the-art facility designed 
to solve multidisciplinary challenges to bring 
advanced manufacturing technologies into 
practical use for Missouri businesses. 

It’ll be almost three years before the 
Protoplex opens, but the work required to 
realize the vision that inspired the building is 
well underway. �e university is hiring sta�, 
recruiting engineers and developing plans to 
bring Kummer Innovation and Entrepreneurship 
(I&E) Doctoral Fellows into the mix. 

“Our goals are to drive economic development 
for Missouri and nationally, help create and 
sustain companies, grow jobs, and improve 
workforce competency,” says Richard Billo , 
founding director of the Kummer Institute 
Center for Advanced Manufacturing, which 
is one of the two major centers that will 
occupy the Protoplex. “We call this a shared 
manufacturing concept, and it’s how we’re 
engaging with the Missouri manufacturing 
community to achieve these goals.” 

SHOW�ME 
INNOVATION

Ashley-Ann Davis , one of S&T’s inaugural 
Kummer I&E Fellows, is researching better 
and more ef�cient ways to help developing 
countries recover after a disaster.

“I grew up in Jamaica, and hurricanes were 
something we had to deal with,” says Davis, 
a Ph.D. student in engineering management. 
“I’ve seen �rsthand that there are some 
issues with preparedness and response.”

Davis is reviewing preparedness and 
response research to determine what issues 
have been covered in journal articles and 
where there are research gaps. She wants to 
identify problems with supply chains and in 
tracking donations to help disaster victims. 

Davis appreciates the freedom the 
Kummer fellowship gives her to focus on her 
research. She also appreciates the support 
and in�uence of the Kummer Institute and 
hopes that other alumni will get involved.
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 �� Richard Billo
Richard Billo  joined Missouri S&T in January 
as founding director of the Kummer Institute 
Center for Advanced Manufacturing and 
a professor of mechanical and aerospace 
engineering. He came to S&T from the 
University of Notre Dame, where he served 
as associate vice president for research and 
professor of computer science and engineering.

 �� Mehrzad Boroujerdi
Mehrzad Boroujerdi became founding vice 
provost and dean of the College of Arts, Sciences, 
and Education (CASE) this summer. He joined 
Missouri S&T from Virginia Tech, where he led 
the School of Public and International A�airs. 

 �� Courtney Jones
Courtney Jones, a former Arkansas  
high school principal, joined Missouri S&T 
in July 2021 as the founding director of the 
Kummer Center for STEM Education. She  
also served the Je�erson City, Missouri,  
school district as a district curriculum 
coordinator and a science specialist.

 �� Melody Lo
Melody Lo joined the Missouri S&T faculty 
as the inaugural John and Ruth Steinmeyer 
Memorial Endowed Chair of Economics for 
Missouri S&T’s Kummer College of Innovation, 
Entrepreneurship, and Economic Development. 
Lo joins S&T from Arkansas State University, 
where she served as a senior advisor to the 
chancellor and a professor of economics.

 �� Xiaoming Wang
Xiaoming Wang became the �rst Gary W. 
Havener Endowed Chair of Mathematics 
and Statistics this fall. He comes to S&T 
from Southern University of Science and 
Technology in Shenzhen, China, where 
he served as chair of mathematics.

 �� Donald C. Wunsch II 
Donald C. Wunsch II will become the founding 
director of the Kummer Institute Center for 
Arti�cial Intelligence and Autonomous Systems 
in December. An AI expert, Wunsch is the Mary 
K. Finley Missouri Distinguished Professor 
of Electrical and Computer Engineering at 
Missouri S&T and is serving as a program 
director in the National Science Foundation’s 
Energy, Power, Control and Networks program.

IN PRINT
Associate professor of English and technical communication Kathryn 
Dolan  published Cattle Country: Livestock in the Cultural Imagination , 
which details 19th-century beef and cattle production in America.

Military historian John C. McManus, Curators’ Distinguished Professor of  
history and political science at Missouri S&T, published Island 
Infernos: �e U.S. Army’s Paci�c War Odyssey, 1944 , the second book 
in his trilogy about the Army in the Paci�c during World War II.

Daniel Reardon and David Wright , associate professors of English and  
technical communication, published �e Digital Role-Playing 
Game and Technical Communication , which examines 
the evolution of video game companies and the ways they 
convey complex information to their consumers. 1 2 3

1

2

3

MEET OUR NEW LEADERSMEET OUR NEW LEADERS
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THE MUSIC 
OF OUR 
MEMORIES

Amy Bel�

“MUSIC IS A PARTICULARLY  
EFFECTIVE CUE FOR  
EVOKING MEMORIES THAT 
SPONTANEOUSLY COME 
TO MIND WITH LITTLE 
COGNITIVE EFFORT.”

As we age, the ability to recall detailed memories 
declines — even in healthy aging adults. With a 
grant from the National Institutes of Health, Amy 
Belfi  is studying whether music can make it easier 
to retrieve those memories, and whether music-
induced remembering creates positive emotions.

“As with almost everything in psychology, 
there is individual variation, but music is 
a particularly personal thing,” says Bel�, 
assistant professor of psychological science. 
“We all have di�erent tastes in music, 
and even one’s musical experience or 
propensity to enjoy music could a�ect the 
way music triggers memories for them.”

Bel� believes music is a particularly e�ective 
cue for evoking memories that spontaneously 
come to mind with little cognitive e�ort. 
Memories retrieved in a voluntary manner 
often require cognitive capacities that degrade 
over the course of a person’s lifespan.

“Only recently have researchers started 
comparing music to other memory cues, and 
they have found some di�erences between 
music-evoked memories and memories evoked 
by other sensory cues such as images or 

particular words,” says Bel�. “My team will look 
at the vividness and level of detail in memories.”

Bel� will also look at the emotional 
outcome of music-induced memories in 
older adults to see if memory-evoking music 
leads to more positive mood changes than 
music that does not evoke memories. 

“One important aspect of this grant is 
investigating what emotions are triggered 
when we hear a song that reminds us of the 
past,” says Bel�. “Based on my previous work, 
I would say that the vast majority of memories 
evoked by music were positive — situations 
like weddings, parties, school dances and 
more. �is project will go further and measure 
these emotions that arise when a song evokes 
a memory, and see whether music-evoked 
memories are more likely to be associated 
with positive or negative emotions.”
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CONTROLLING THE 
ENERGY OF LIGHT

Missouri S&T researchers are developing a new way to update 
dynamic networks like those used to track viruses, connect people 
on social media and coordinate transportation systems. They say 
it’s the �rst scalable, expandable and user-friendly way to analyze 
who is using a network, where they are, and what information and 
channels they access.  
   Sajal Das, the Daniel St. Clair Endowed Chair of Computer Science 
at S&T, describes dynamic networks modeled as nodes and links. Your 
cell phone is a node, but unless you make a network connection, there 
is no link. If you switch off your phone or the battery dies, there is no 
longer a node. He says nodes and links come and go, making network 
management complex and challenging. 
    “The networks change all the time,” Das explains. His 
project, “Cyberinfrastructure for Accelerating Innovation in 
Network Dynamics,” or CANDY, is funded through a four-year, 
$2.5�million grant from the National Science Foundation.

LIKE CANDY FOR CYBERINFRASTRUCTURE

Light travels through opaque objects in random 
paths that are di�cult to control, but a team 
of physicists at Missouri S&T discovered 
that light energy can be concentrated at a 
certain depth. �is could allow researchers to 
target speci�c neurons or even early tumors 
inside tissue, which strongly scatters light.

“For decades, scientists have been improving 
ways and methods to concentrate light in 
speci�c areas of tissue,” says Alexey Yamilov , 
professor of physics at S&T. “�is new 
study sets the fundamental limit for deep-
tissue imaging, optogenetics, photothermal 
therapy and other applications.”

By observing undisturbed paths of light 
as it travels through scattering materials, the 
researchers demonstrate the possibility of 
enhancing and suppressing energy density 
at speci�c locations inside the sample.

 To observe how light travels through a 
medium, the researchers devised a simulated 
2D tissue sample and developed a model and 
computer simulations to predict 3D applications.

�e approach has applications in the �eld 
of optics, but also profound implications in 
condensed matter physics, acoustics, and other 
�elds involving wave propagation and scattering. 

Yamilov says it could also lead to advances 
in light-based medical technology. 

“�is work o�ers a glimpse of 
undiscovered physics,” Yamilov says. 
“I hope it spurs more interest from biologists 
and engineers to further improve their 
techniques on the way of approaching 
the physical limit found in this work.”

“This new study sets 
the fundamental 
limit for deep-tissue 
imaging, optogenetics, 
photothermal therapy  
and other applications.”
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SHINING A LIGHT  
     ON DATA TRANSFER

T
urning a light on and o� doesn’t require 
much thought — click on, click o�. But 
modulating that light — turning it on 
and o� faster than the human eye can 

comprehend — and using the modulated light 
for Wi-Fi data transmission requires a great 
deal of thought, and it’s the focus of Nan Cen’s 
visible-light communications research.

“An advantage of visible-light communication 
is the largely unregulated spectrum ranging 
from 375 terahertz to 750 terahertz, which would 
provide higher data-rate communication than 
current technologies,” says Cen, an assistant 
professor of computer science at Missouri S&T. 
“Another advantage is simplicity — using 
basic photo detectors to receive the data from 
standard room lights. �e technology is also 
inherently secure because it’s directional 
and can be con�ned within a room.”

Cen says there isn’t enough spectrum to 
handle the growth of interconnected devices 

within the Internet of �ings. More technology 
is needed, but she believes devices could be 
equipped with light sensors in the next 10 to 
20 years. �at would be a boon in rural areas 
where broadband access is challenging.

“Many rural residents use a Wi-Fi hot-spot 
for connectivity, but data speed is slow,” says 
Cen. “Telephone lines also provide slow data 
rates, and �ber-optic installation is expensive.”

Cen is researching the possibility of using 
lasers between power poles in rural areas, 
with solar panels acting as the home receiver. 
Instead of a router, standard household lamps 
would transmit data. Fascinating work, but 
Cen is one of only a few U.S. researchers 
studying visible light communication.

She says a drawback of visible light 
communication is its short propagation 
range. Using lasers could provide several 
kilometers of range, but with regular 
household light, the range is a few meters. 

Visible light is also easy to block. Cen says 
researchers may use novel algorithms to 
enhance the propagation range and propose 
new technologies to overcome blockage.

Applications could range from transportation 
to virtual reality to medical settings where 
electromagnetic interference limits contact 
using radio frequency. Eventually, drones 
could provide visible light communication 
to remote or extreme environments with 
no infrastructure. But Cen says the U.S. 
needs more researchers and industry 
interest to produce compatible devices.

“Visible light communication has a 
broad range of applications,” she says. “We 
need to demonstrate that this is feasible 
technology that we de�nitely need.”
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Manashi Nath , associate professor of 
chemistry at Missouri S&T, is working to 
reduce greenhouse gases by designing 
a method to convert carbon dioxide into 
new fuels and chemicals while minimizing 
the use of new resources. Her research 
is supported by a $500,000 grant from 
the National Science Foundation.

“Fossil fuels continue to supply the 
majority of global energy needs, and a 
large downside of the production process 
is the creation of huge quantities of 
carbon dioxide as byproduct,” says Nath. 
“Carbon dioxide concentration is at an 
all-time high and is projected to continue 
to rise over the next several years.”

Partnering with S&T’s Shubhender Kapila, 
professor of chemistry, and Julia Medvedeva, 
professor of physics, Nath is creating 

economically feasible catalysts from non-
precious elements such as copper or nickel to 
recycle the gas using lower voltages, pressures 
and temperatures than traditional methods.

Current carbon dioxide reduction processes 
are slow and energy intensive, but a catalyst 
can lower the activation barrier around 
the gas and “draw it out of the well.” An 
activation barrier is like a hurdle a reaction 
must cross. Electrocatalysts can help the 
process and capture carbon dioxide, but 
despite the amount of previous research 
on the topic, lowering the constraints 
of operating conditions still evades 
researchers and the energy industry.

“Our innovation lies in designing these 
electrocatalysts based on understanding 
how the gas reacts on the catalyst surface 
and trying to optimize that interaction 

toward valuable products such as ethanol, 
methanol and acetic acid,” says Nath. “If we 
can do this e�ciently, turning the gas from an 
atmospheric contaminant to fuels, we can not 
only take a huge step toward environmental 
remediation, but we can also close the gap in 
the carbon cycle in a cost-e�ective manner.”

Nath and her research team hope to show 
that their proposed catalysts, copper-based 
chalcogenides like copper selenide, will 
improve the process of converting carbon 
dioxide into fuel. By working with the gas at 
room temperature, the team says the research 
could be applied at the gas’s main generation 
points such as coal- or gas-power plants.

RECYCLING FOSSIL FUEL EMISSIONS

Ph.D. student Apurv Saxenda, left, 
with researcher Manashi Nath

 “If we can do this 
ef�ciently, turning the 
gas from an atmospheric 
contaminant to fuels, we 
can not only take a huge 
step toward environmental 
remediation, but we can 
also close the gap in the 
carbon cycle in a cost-
effective manner.”
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PLUGGING THE CRACKS
G

eothermal energy comes from heated water or steam within 
the earth and provides renewable energy to heat buildings 
and generate electricity. But many geothermal reservoirs also 
have an inherent problem — geological fractures that divert 

water into other areas, cooling the water and the surrounding rock 
and limiting the e�ciency of heat extraction from underground 
reservoirs. Researchers at Missouri S&T are working on a solution.

“We’re developing cost-e�ective polymer gels that can be 
injected into geothermal reservoirs to control the diversion 
problem,” says Baojun Bai  (pictured), the Lester R. Birbeck Chair 
in Petroleum Engineering at Missouri S&T. “�e particle gels can 
partially or fully block the geological fractures so that when water 
is injected into the reservoirs, it travels to other areas of hot rock, 
carrying more heat and improving geothermal recovery e�ciency.”

Bai says the gel swells, like the toy beads known as 
Orbeez that expand in water. Unlike the toys, he says, the 
time it takes the gels to expand can be controlled. And 
the gel can be injected into geothermal reservoirs before 
fully swelling, which improves plugging e�ciency.

Particle gels are already available, so why not use 
them? Bai says they can’t withstand the heat.

“Existing gels usually disappear after a few days in 
environments above 120 degrees Celsius,” Bai says. “We 
are developing novel particle gels that can be stable for 
more than six months at 150 to 275 degrees Celsius.”

Bai is working on the project with S&T chemistry 
professor �omas Schuman  and Mingzhen Wei , 
associate professor of petroleum engineering at S&T. 
�e U.S. Department of Energy will provide up to $2.4 
million over three years to support their research.

Bai has been researching particle gels for more than 20 years. 
Until now, Bai’s particle gel research has focused primarily on 
oil and gas recovery, but he says the technology and knowledge 
are transferrable to geothermal energy and carbon storage. 

“�ere are some technology challenges to be solved,” Bai says. 
“Improving heat recovery e�ciency is a part of the solution.”
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Solar technology is only one piece 
of the renewable energy puzzle. 
Getting people to use it is another. 
Casey Can�eld , assistant professor of 
engineering management and systems 
engineering at Missouri S&T, wants to 
make the process of switching to solar 
power easier for everyone. 
    Can�eld is part of a team of researchers from 
Missouri, Florida and Texas who assessed a 
program called SolSmart, which was developed 
to help communities streamline the solar 
permitting process and reduce installation costs. 

SolSmart lists various actions local 
governments can take to earn points toward 
a gold, silver or bronze designation, from 
simplifying permit applications to large-

scale solar installations on government 
facilities. �ese actions help participating 
governments focus on actions that make 
the most sense for their community while 
progressing toward an o�cial designation. 

“It actually did have the desired impact,” 
says Can�eld. “Communities with a SolSmart 
designation had about 18% more solar 
installed than very similar communities that 
did not pursue a SolSmart designation.

“Hopefully in the future it will be possible 
to �gure out whether there is more impact 
associated with a gold designation versus a 
bronze designation,” says Can�eld. “Regardless, 
this suggests that encouraging local 
governments to engage in best practices can 
actually have an impact on the solar market.”

Solar technology 
is only one piece 
of the renewable 
energy puzzle. 
Getting people to 
use it is another.

SHEDDING LIGHT ON SOLAR POWER

Ph.D. candidate Javier Valentín-Sívico reviews  
his research with faculty advisor Casey Can�eld.
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How widespread will the e�ects be as 
polar ice caps melt in a warming climate 
and release fresh water into our oceans? 
An international research group led by 
Missouri S&T may have found some 
answers after investigating a lake on 
the Caribbean coast of Guatemala.

Around 8,200 years ago, an ice dam 
collapsed and released water from two 
large lakes located near the current border 
between the United States and Canada. 
�e collapse pushed a large volume of 
fresh water into the North Atlantic.

“Previous studies have suggested that 
the volume of fresh water released from 
the lakes resulted in a global sea-level 
rise of only half a meter and had a very 
limited e�ect on coastal ecosystems around 
the world,” says Jonathan Obrist-Farner 
(photographed), assistant professor of 
geosciences and geological and petroleum 
engineering (GGPE) at Missouri S&T. 
“However, we found evidence of a �ooding 
event along the Caribbean coast of 
Guatemala that appears to coincide with the 

ice dam collapse and suggests a signi�cantly 
higher sea-level rise of at least 2.5 meters.”

Obrist-Farner worked with GGPE 
assistant professor Marek Locmelis , 
associate professor Andreas Eckert , and 
Ph.D. student Edward Duarte Martinez  to 
analyze sediment cores from Lake Izabal, 
Guatemala, to detect changes in the lake.

He says the sudden release of larger 
amounts of water strengthens the theory that 
fresh water released into the Atlantic Ocean 
triggered a temporary slowdown of the 
Atlantic Meridional Overturning Circulation, 
a large system of ocean currents responsible 
for transporting heat from tropical regions 
to high latitudes. �e slowdown resulted 
in colder temperatures in Europe.

“Global warming and continued melting 
of ice caps can trigger a similar slowdown 
event,” says Obrist-Farner. “�at could 
result in signi�cantly colder temperatures 
for western European countries and add 
pressure to a climate system that has been 
greatly changed by the continuous increase 
in anthropogenic greenhouse gases.”

WRITING THE RULE BOOK  
FOR CLEAR SKIES 
 
Philip White�eld , Chancellor’s Professor of 
chemistry at Missouri S&T, and his team of 
researchers have earned grants from the 
Department of Transportation and NASA to 
review engine-to-engine emissions variables 
using a measurement system largely developed 
by his team at S&T. 
    White�eld’s group is part of a consortium of 
university and corporate researchers working  
to lower emissions and environmental impact 
from civil sub- and supersonic transports by 
examining non-volatile particulate matter 
(nvPM) emissions.  
    S&T’s role is to measure combustor emissions 
using its mobile North American Reference 
System (NARS) to characterize and quantify the 
emissions. S&T designed and built the system  
with the Society of Automotive Engineers. 
White�eld says it’s now the global gold standard 
for quantifying exhaust particulates. 
    Through the project, researchers will analyze 
data from emissions collected at a range of 
simulated and actual altitude conditions and 
develop algorithms to allow international 
aviation organizations to predict nvPM 
emissions on a �eet-wide basis and estimate 
their impact on climate and local air quality. 

USING SEA�LEVEL RISE TO PREDICT  
EFFECTS OF ICE DAM COLLAPSE
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HOME�GROWN SEMICONDUCTORS
M

issouri S&T researchers are 
demonstrating a new 2D material 
heterostructure�— a basic building 
block for advanced semiconductor 

devices�— with potential for future 
applications in compact sensors and 
detectors, optical communication, optical 
integrated circuits, and quantum computers.

The researchers found that �akes of 
lengenbachite, a mineral discovered 100 years 
ago in Switzerland, have strong anisotropic 
properties, meaning the �akes’ optical 
responses vary along axis lines depending on 
orientation. That could have implications for 
directional light-emitting devices, encrypted 
data transfer and signal processing, and 
polarization-sensitive photodetectors, says 
Xiaodong Yang , associate professor of 
mechanical and aerospace engineering. 

Yang and his fellow researchers obtain 
ultrathin �akes of lengenbachite�— around 
30 nanometers thick�— by mechanically 
exfoliating the bulk mineral using Nitto 

PVC tape. Lengenbachite is composed 
of stacks of alternating, weakly bonded 
layers of four-atom-thick lead sul�de 
and �ve-atom-thick arsenic trisul�de.

Interestingly, the researchers observed 
out-of-plane 1D rippling structures along 
the lengenbachite �ake surface. The ripples 
are caused by periodic mechanical strain 
generated between alternating atomic layers. 
With the help of several optical spectroscopic 
techniques, the researchers found strong 
anisotropic optical properties in the �akes.

“Further study of the anisotropic 
mechanical, electrical and magnetic 
properties of lengenbachite thin �akes 
may help fully establish this new material 
for integrated on-chip sensors and 
microelectromechanical systems,” Yang says.

REMOTE�CONTROL RESEARCH
Missouri S&T is joining with other leading 
research institutions from Missouri and Illinois 
to form a geospatial research collaborative, 
the Taylor Geospatial Institute (TGI). �e 
institute will a�ect foundational research 
in areas such as food systems, health care, 
national security and economic development.

Geospatial science is a growing �eld that uses 
geographic information systems (GIS), remote 
sensing, global positioning systems (GPS) and 
other technologies to study people, places and 
processes. It involves smart devices, cloud 
computing, autonomous systems, robotics and 
predictive analytics using arti�cial intelligence.

“�e Taylor Geospatial Institute will 
harness S&T’s expertise in unmanned aerial 
vehicles and drones, robotics, geophysics and 
remote sensing,” says David Borrok , interim 
vice provost and dean for S&T’s College 
of Engineering and Computing and a TGI 
research council member. “We will work as 
equal partners with the other members of the 

institute to develop a geospatial corridor in the 
Midwest that is one of the best in the U.S.”

TGI is based at Saint Louis University. 
Other members of the collaborative are the 
University of Missouri-Columbia, the University 
of Missouri-St. Louis, Washington University 
in St. Louis, the University of Illinois Urbana-
Champaign, Harris-Stowe State University 
in St. Louis and the Donald Danforth 
Plant Science Center, a nonpro�t research 
facility located in Creve Coeur, Missouri.

In 2022, TGI provided $1.5 million in 
seed grants to the eight partner institutions 
to fund research and o�er access to data 
collection and analytics resources. 

“The Taylor Geospatial Institute 
will harness S&T’s expertise in 
unmanned aerial vehicles and 
drones, robotics, geophysics 
and remote sensing.”
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As America’s infrastructure ages and climate 
change takes a toll on highways, railroads 
and bridges, Missouri S&T is researching 
stronger, longer-lasting materials and 
innovative technologies as a member of 
National University Transportation Center 
(UTC) for Transportation Infrastructure 
Durability and Life Extension.

“S&T has very strong expertise,” says 
Jenny Liu (pictured), professor of civil, 
architectural and environmental engineering 
and the center’s primary investigator. S&T’s 
research focuses on critical infrastructure 
issues like natural hazards, corrosion 

agents, extreme events, and monitoring 
and managing infrastructure. 

Liu studies innovative additives and 
recycled materials like waste plastic for 
asphalt. Phase-change materials — those that 
change from liquid to solid, for instance — are 
used to create thermal adaptive pavement 
and enhance longevity, saving the cost and 
labor involved in asphalt maintenance.

“More than 94% of roads in the U.S. 
are paved with asphalt, which is a 
temperature- sensitive material,” says Liu. 
“We’re working to verify that phase-change 
materials can work to keep asphalt cool 
or release heat depending on the need.”

Xiong Zhang , professor of civil, 
architectural and environmental 
engineering, is developing a 3D method 
to detect and characterize cracks in 
bridges using an unmanned aerial 
vehicle and structure-from-motion 
photogrammetry to accurately reconstruct 
a 3D structure from 2D photographs. 

XianBiao “X.B.” Hu , assistant professor at 
Pennsylvania State University and an S&T 
adjunct faculty member in civil, architectural 
and environment engineering, is �nding 
ways to anticipate autonomous vehicles’ 
e�ect on the nation’s infrastructure. 

BUILDING A LONGER� 
LASTING INFRASTRUCTURE
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T
echnology is supposed to make tasks 
easier for people. But human biases 
may limit our trust in technological 
systems. Venkata Sriram Siddhardh 

(Sid) Nadendla , assistant professor of 
computer science at Missouri S&T, is 
building human-systems partnerships that 
let people and computers work as a team.

“I look at issues such as trust and 
misalignment in socio-technical systems,” 
Nadendla says. “Issues of trust can arise because 
the system isn’t secure or able to handle threats 
from external sources. �e system may be 
too complex to understand or o�er services 
unfairly across diverse communities.” 

Nadendla studies issues like the way 
humans interact with self-driving cars 
or use Google maps to navigate.

But �rst, he says, researchers need 
to de�ne trust and fairness — concepts 
that can be hard to nail down.

“�e question is, which fairness concept 
matters most given the context,” he says. “What 
Missourians consider to be fair might not be 
thought of as fair in Florida or New York. It’s 
very contextual and can’t be quanti�ed.”

Nadendla says the problem is so new — 
emerging as a computer science �eld in just 

the last �ve years — that researchers are just 
starting to get real-world feedback. Once 
they establish some parameters of trust and 
fairness, they can determine how to encourage 
teamwork between humans and machines.

“If a system has a limitation, it needs 
to communicate that in a way people 
can understand,” he says. “If a person 
needs something, how does the person 
communicate that to the system? It’s a 
fundamental problem, and I don’t know 
that we’ll solve it in my lifetime.”

Nadendla also studies healthy work-
time limits for people like taxi drivers and 
manufacturing workers — even social media 
monitors who �lter violent or potentially 
harmful images and information. His 
team developed algorithms to predict 
when workers are exhausted and at risk 
for mental health problems. In data tests 
using Chicago taxi drivers, the algorithms 
predicted the best stopping times within 
1% error for about a third of the drivers.

Nadendla says his students are 
at the forefront of discoveries.

“I basically o�er them the problem, and 
they are the ones who solve it,” Nadendla 
says. “�ey come up with brilliant ideas.”

DO YOU

TRUST
YOUR COMPUTER SYSTEM?
TRUST

“I basically o�er  
them the problem, and 
they are the ones who 
solve it. �ey come up 
with brilliant ideas.”

T

Venkata Sriram Sid Nadendla, right, leads research 
on the way humans interact with self-driving 
cars. Mukund Telukunta, far left, observes as 
Nikola Andric drives a remote control vehicle.
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H
ypersonic missiles threaten national 
security because they travel faster than 
traditional missiles currently used for 
air defense. Lasers could be used as a 

countermeasure, but �rst must be tested to 
determine if and how they can be most e�ective.

Serhat Hosder , a professor of mechanical 
and aerospace engineering and director of the 
Aerospace Simulations Laboratory, and his 
students are working with researchers at the 
University of Texas at Arlington’s Aerodynamics 
Research Center on a $1.5 million Department 
of Defense grant to study how lasers can 
destroy hypersonic threats to the U.S. 

�e multi-institutional grant, which was 
awarded by the DOD’s Joint Hypersonic 
Transition O�ce through the University 
Consortium for Applied Hypersonics, 
involves industry collaborators Lockheed 
Martin, Ansys Inc. and Speckodyne Corp.

“Missiles may not be as e�ective as 
interceptors as they are against ballistic threats, 
so we need to better understand how and when 
to use lasers as an e�ective countermeasure,” 
says Luca Maddalena, a UTA professor of 
mechanical and aerospace engineering, 
director of the Aerodynamics Research Center 
and principal investigator on the grant.

Hosder says that protecting the U.S. against 
emerging hypersonic threats is critical. 

“Hypersonic missiles travel so fast that the 
air surrounding them becomes plasma due 
to extreme temperatures,” he adds. “Plasma 
might shield the vehicle from directed-laser 
radiation, but in other situations, it might 
amplify the damage in�icted by the laser.”

Under this three-year project, Hosder 
and his students will perform computer 
simulations for numerical modeling and 
investigation of laser radiation interactions 

for hypersonic applications to support the 
experiments conducted at UTA. Hosder 
and his students also will contribute to the 
creation of mathematical models to predict 
the complex physical phenomena involved 
in this counter-hypersonics technology. 

Image courtesy of  Lockheed Martin

Serhat Hosder

STOPPING  
HYPERSONIC MISSILE 
THREATS
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IF IT ONLY HAD A BRAIN
R

obots are widely used in commercial 
applications and military and 
police operations around the world, 
but they lack visual perception 

and threat-recognition because they 
often operate solely on location sensors. 
Researchers at Missouri S&T are using 
deep learning — a type of machine 
learning — to develop “leader-follower” 
robot swarms equipped with cameras 
that will allow them to visually perceive 
and learn, recognize threats, and analyze 
options to keep humans safe from harm.

“When humans perceive something, they 
collect a series of images and process a lot 
of data,” says Jagannathan Sarangapani , 
the William A. Rutledge-Emerson Electric 
Co. Distinguished Professor of Electrical 
Engineering. “Using deep learning, we 
can program leader-follower robots — 
where a human controls the leader 
and the others follow — to learn and 
imitate the behavior of a human.”

Sarangapani uses autonomous cars as 
an example of decision-making capacity. 
When a ball rolls into a street, a human can 
assume a child may run after the ball, but 
robots lack the ability to make assumptions. 
An autonomous car may “see” the ball 
but has no capacity for assuming a child’s 
proximity. Sarangapani says using machine 
learning and visual perception, humans 
can program the robots to have that ability.

Sarangapani says the robots can also 
be used for a variety of defense functions 
like tracking threats. For instance, the 
robot could track the source and possibly 
neutralize chemical or biological attacks. 
�e military could continue to use the robots 
for reconnaissance, explosives removal 
and chemical disposal in environments 
that are not safe for humans, but with 
improved functionality, he says.

“Visual perception and 
intelligence are the 
next level of autonomy.  
Like a science �ction 
movie, we could 
someday use robots to 
conduct warfare and 
keep soldiers safer.”

From left, Jagannathan Sarangapani discusses leader-
follower robot swarms with students Charles Rawlins, 
Irfan Ganie, Ahmed Abugroun and Maxwell Geiger.
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HBCU students gain hands-on experience 
through Missouri S&T’s Summer 
Engineering Research Academy. For 
eight weeks, they work alongside faculty 
experts on real-world projects.

To learn more, contact the 
Missouri S&T College of Engineering and 
Computing at cec@mst.edu, and visit 
cec.mst.edu for more information about 
the college’s academic programs.

Tykerria Fowler  
analyzed lunar  
plasma to support  
life on the moon.
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