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ENTREPRENEURSHIP CHALLENGE AWARD

The VT KnowledgeWorks Fifth Annual Entrepreneurship Challenge was a great suc-
cess as enthusiastic attendees gathered at The Inn at Virginia Tech and Skelton Con-
ference Center on April 10, 2013. The Entrepreneurship Challenge provided a
unique opportunity for student teams from Virginia Tech and entrepreneurs to pre-
sent before a panel of local business leaders.

There were two winning concepts in the Tech Transfer Challenge, including Keraes-
thetics and NanoSpin. The winning teams will receive $100,000 worth of mentor-
ship and business support services over a two-year period, including assistance in developing the
overall business strategy as well as the presentations and plan documents needed for investor dis-
cussions and product launch.

NanoSpin is a cooling system for computers and electronic devices that uses a liquid dispersion of
magnetic nanoparticles to dissipate waste heat. NanoSpin team members include Mehran Tehrani,
and his coworker.

Mehran Tehrani received his BS in Mechanical Engineering from Sharif University of Technolo-

gy in 2007 and he got his MS in Mechanical Engineering from University of New Mexico in
2010. He earned his PhD in Engineering Mechanics from Virginia Tech December 2012. He has
just started working as an Assistant Professor at the Mechanical Engineering Department of the

University of New Mexico.

ASSOCIATION OF PROFESSORS & SCHOLARS OF IRANIAN HERITAGE

APSIH @4 (du ,(J:L/J(/

SIXTEENTH ANNUAL ACADEMIC ACHIEVEMENT AWARDS, 2013

On Sunday June 2, 2013, the Association of Profes-
sors and Scholars of Iranian Heritage held its six-
teenth annual graduation ceremony honoring academ-
ic achievements by students of Iranian Heritage who
will be graduating in the 2012/2013 academic year.

During the ceremony, students and their families had
the opportunity to meet scientists, scholars and pro-
fessors of Iranian heritage who are on the faculty or
conduct research at various universities in California
and elsewhere and who have agreed to serve as men-
tors to the honored students. All attending graduates
received a certificate and several special sponsored
awards were issued to the graduating students who
have demonstrated an outstanding track records in the
pursuit of their academic goals.
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LUNAR SETTLEMENT: PIECING TOGETHER A FULL MOON PICTURE
’s new projects with NASA

The Contour Crafting Simulation Plan for Lunar Settlement Infrastructure Build-Up, a
NIAC-supported concept. Rendering courtesy of Behnaz Farahi and Connor Wingfield
As the rocket flies, Earth’s moon is just a few days of travel away. While NASA Apollo
astronauts made repeat treks to the barren lunar surface in the 1969-1972 time period,

those fleeting footfalls were but a prelude to what some think a 21st century moon might
look like. y B0

The now foreboding lunar landscape could be crisscrossed with roads, dotted with land-
ing and departure pads, as well as other structures that signal humankind’s firm foothold
in another atmosphere.
A radically different approach to spur-settlement of the moon is proposed by Berok
Khoshnevis, a professor of industrial and systems engineering at the University of South-
ern California’s Viterbi School of Engineering. The visionary concept of Khoshnevis is
being supported under the NASA Office of the Chief Technologist’s Innovative Advanced
Concepts (NIAC) program. As a newly awarded NIAC Fellow, his winning proposal is
called “Contour Crafting Simulation Plan for Lunar Settlement Infrastructure Build-Up.”
Khoshnevis explains that most proposals for building lunar outposts are based on trans-
porting prefabricated modules from Earth and then putting them together on the spot. But
thgt approach i1s'very costly, he quickly adds, particularly if a long-term target is to contin-
ily expand operations on the moon. The forward looking concept by Khoshnevis
es use of automated construction technology that’s pre-planted on the moon, a capa-
bility tailored to fabricate infrastructure on the lunar surface layer by layer, in a swift and

reliable manner. - 2




Khoshnevis began work on Contour Crafting (CC) technology in 2000, a pioneering ef-
fort that was acclaimed in 2006 as one of the top 25 inventions by the National Inventors
Hall of Fame.

Extraterrestrial Setting

Thanks to the NIAC-supported research, Khoshnevis is adopting CC automated building
technology for an extraterrestrial setting. “The moon offers unique opportunities because
it provides for realistic,and feasible experimentation with planetary exploration and colo-
nization,” Khoshnevis says. “It also offers valuable resources, a clear view of the heavens,
and a stable post for communication platforrs.”

To further showcase the power of CC technology for off-Earth uses, Khoshnevis and his
colleagues are drawing up a detailed plan for a high-fidelity simulation at NASA’s Desert
Research and Technology Studies facility in Arizona. That simulation would also encom-
pass a number of NASA-matured systems, such as habitat module mockups, various lunar
rover designs, as well as the space agency’s versatile light-weight crane and Tri-Athlete
cargo transporter. Furthermore, a key ingredient to building structures on the moon is
making use of local materials. That’s known as “in-situ resource utilization” — or in
NASA lingo, ISRU for short. '

Indeed, one research avenue that the NIAC-supported team is taking is a nozzle system
that would heat up simulated lunar soil into a paste, something akin to cement that can be
tested here on Earth in CC equipment, even utilized to build small structures. “Our pro-
posed approach capitalizes on seamless integration with NASA’s existing robotics and
material excavation and processing capabilities,” Khoshnevis explains. “It is a sustainable
approach because it allows for practically unlimited expansion of lunar settlements using
local energy and materials without requiring additional transport of major components
and materials from Earth,” he adds.

The work by Khoshnevis and his team centers on rapid buildup of an initial operational
capability for a lunar base. This farsighted endeavor would literally build upon the Apollo
visitations of the past to create an enduring home-away-from-home for humanity.

Note: Khoshnevis was slated to detail his work as part of the NIAC Spring Symposium,
which was held March 27-29 in Pasadena, California. For more information on the sym-

posium, go to http://www.nasa.gov/offices/oct/early stage innovation/niac/
spring_symposium.html.



http://www.nasa.gov/offices/oct/early_stage_innovation/niac/spring_symposium.html
http://www.nasa.gov/offices/oct/early_stage_innovation/niac/spring_symposium.html

ISRU-BASED ROBOTIC CONSTRUCTION TECHNOLOGIES FOR LU-

NAR AND MARTIAN INFRASTRUCTURE

Behrokh Khoshnevis
University of Southern California

Economically viable and reliable building systems and tool sets are being sought, exam-
ined and tested for extraterrestrial infrastructure buildup. This project utilizes a unique
architecture weaving the robotic building construction technology with designs for assisting
rapid buildup of an initial operational capability lunar base. Using robotic technologies, this
project intends to develop and test methodologies to construct certain crucial infrastructure
elements in order to evaluate the merits, limitations and feasibility of adapting and using
such technologies for extraterrestrial application. Elements suggested to be built and tested
include landing pads and aprons, roads, blast walls and shade walls, thermal and micromete-
orite protection shields and dust-free platforms as well as other structures and objects utiliz-
ing the well known in-situ-resource utilization (ISRU) strategy.

Concrete

reservomr

Several unique systems including the Lunar Electric Rover, the unpressurized Chariot rover,
the versatile light-weight crane and Tri-Athlete cargo transporter as well as the habitat mod-
ule mockups and a new generation of spacesuits are undergoing coordinated tests at NASA’s
D-RATS. This project intends to draw up a detailed synergetic plan to utilize these maturing
systems coupled with the robotic fabrication technology, tailored for swift and reliable Lunar
and Martian infrastructure development. This proposal intends to increase astronaut safety,
improve buildup performance, ameliorate dust interference and concerns, and attempts to re-
duce time-to-commission, all in an economic manner. As part of this project, a figure-of-
merit methodology will be created and employed to gain some quantitative insight into the
efficiency of using the proposed robotic technologies to augment these other systems already
in place.
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Automated building technologies will revolutionize the way structures are built on Earth, in
dense urban environments, in difficult-to-build and difficult-to-service sites, or in remote
and hostile regions of the globe. The technologies under development by our group have the
potential to simplify construction logistics, reduce the need for hard physical labor by as-
signing humans to a strictly supervisory role, eliminate issues relating to human safety and
produce intricate, aesthetically refined designs and structures at significantly reduced con-
struction cost. Space architecture in general and Lunar and Martian structures in particular
will also provide a rich new aesthetic vocabulary for architects to employ in the design and
creation of buildings that employ high technology and building information modeling that is

vital for optimizing use of materials and energy that is critical to building economics.







UNIVERSITY OF CALGARY DISCOVERY OPENS DOOR TO EFFICIENTLY
STORING AND REUSING RENEWABLE ENERGY

wo University of Calgary researchers have developed a ground-
breaking way to make new affordable and efficient catalysts for con-
verting electricity into chemical energy. Their technology opens the door \"
to homeowners and energy companies being able to easily store and reuse i
solar and wind power. Such energy is clean and renewable, but it's availa-
ble only when the sun is shining or the wind is blowing.

The research by Curtis Berlinguette and Simon Trudel, both in the chemis- —

try department in the Faculty of Science, has just been published in Sci-

ence - one of the world's top peer-reviewed journals. "This breakthrough offers a relatively
cheaper method of storing and reusing electricity produced by wind turbines and solar panels,"
says Curtis Berlinguette, associate professor of chemistry and Canada Research Chair in Ener-
gy Conversion. "Our work represents a critical step for realizing a large-scale, clean energy
economy," adds Berlinguette, who's also director of the university's Centre for Advanced Solar
Materials.

Simon Trudel, assistant professor of chemistry, says their work "opens up a whole new field of
how to make catalytic materials. We now have a large new arena for discovery."

The pair have patented their technology and created from their university research a spin-off
company, FireWater Fuel Corp., to commercialize their electrocatalysts for use in electrolyz-
ers. Electrolyzer devices use catalysts to drive a chemical reaction that converts electricity into
chemical energy by splitting water into hydrogen and oxygen fuels. These fuels can then be
stored and re-converted to electricity for use whenever wanted. The only byproduct from such
a 'green' energy system is water, which can be recycled through the system. To store and pro-
vide renewable power to a typical house would require an electrolyzer about the size of a beer
fridge, containing a few litres of water and converting hydrogen to electricity with virtually no
emissions, the researchers say.

Key to their discovery is that they deviated from conventional thinking about catalysts, which
typically are made from rare, expensive and toxic metals in a crystalline structure. Instead,
Berlinguette and Trudel turned to simpler production methods for catalysts. This involved us-
ing abundant metal compounds or oxides (including iron oxide or 'rust') to create mixed metal
oxide catalysts having a disordered or amorphous, structure.

Laboratory tests - reported in their Science paper - show their new catalysts perform as well or
better than expensive catalysts now on the market, yet theirs cost 1,000 times less. Their re-
search was supported by the university's Institute for Sustainable Energy, Environment and
Economy, Alberta Innovates, Mitacs and FireWater Fuel Corp. FireWater Fuel Corp. expects to
have a commercial product in the current large-scale electrolyzer market in 2014, and a proto-
type electrolyzer - using their new catalysts - ready by 2015 for testing in a home.

For more information, visit ucalgary.ca. Stay up to date with University of Calgary news head-
lines on Twitter @UCalgary


http://www.ucalgary.ca/
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NEW KEYBOARD FOR TOUCHSCREENS SPEEDS UP THUMB-TYPING

he new KALQ keyboard (credit: MPI for Informatics)

A new keyboard called KALQ that enables faster thumb-typing on touchscreen devic-
es has been created by a research team at the Max Planck Institute for Informatics, the Uni-
versity of St Andrews, and Montana Tech.

They used computational optimization techniques and a model of thumb movement to search
among millions of potential layouts before identifying one that yields superior performance.
A user study found that after a short amount of practice, users could type 34% faster than
they could with a QWERTY layout. Typing on today’s mobile phones and tablets is needless-
ly slow. One limitation is that the QWERTY layout is ill-suited for tablets and other
touchscreen devices when typing with the thumbs. Two-thumb typing is ergonomically very
different from typing on a physical keyboard. A QWERTY keyboard on a touchscreen device
limits users to typing at a rate of around 20 words per minute, which is slow compared to the
rates achieved on physical keyboards.

The researchers set out to create an alternative to QWERTY that offers substantial perfor-
mance advantages for users. The researchers incorporated models of thumb movement into a
computational optimization algorithm. The researchers quickly realized that slight changes to
the layout, like exchanging a few keys, would not be sufficient for a significant improvement.
Words like “on, see, you, read, dear, immune, based”, frequently used in texts, have to be
typed on a split-QWERTY layout with a single thumb only, making the typing burdensome.
So they developed a specific layout for optimal two-thumb text entry, with the goal of im-
proving typing performance and minimizing the strain for the thumbs.

“The key to optimizing a keyboard for two thumbs is to minimize long sequences with a sin-
gle thumb,” said team leader Antti Oulasvirta. “We also want to place frequently used letters
centrally close to each other. Experienced typists move their thumbs simultaneously: While
one is typing, the other is approaching its next target. We derived a predictive model of this
behavior.”

The computational optimization process had two goals: To minimize the moving time of the
thumbs and to approximate alternating sides as well as possible. The result achieved by com-
putational optimization was rather unexpected. In the new keyboard KALQ, all vowels, with
the exception of the letter “y”, are placed in the area for the right thumb, whereas the left
thumb gets assigned more keys. To fully benefit from this layout, the users were trained to
move their thumbs simultaneously. While one thumb is typing, the other one can move to its
next target.

KALQ will be available as a free app for Android-based smartphones at the beginning of
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QUANTUM COMPUTING TAPS NUCLEUS OF SINGLE ATOM

Australian engineers at the University
of New South Wales (UNSW) have
demonstrated a quantum bit based on
the nucleus of a single atom in silicon,
promising dramatic improvements for
data processing in ultra-powerful quan-
tum computers of the future.

Quantum bits, or qubits, are the build-
ing blocks of quantum computers,
which will offer enormous advantages
for searching expansive databases,
cracking modern encryption, and mod-
eling atomic-scale systems such as bio-
logical molecules and drugs.

“We have adapted magnetic resonance
technology, commonly known for its
application in chemical analysis and
MRI scans, to control and read-out the
nuclear spin of a single atom in real
time,” says Associate Professor Andrea
Morello from the School of Electrical
Engineering and Telecommunications
at UNSW.

The nucleus of a phosphorus atom is an extremely weak magnet, which can point along two
natural directions, either “up” or “down”. In the strange quantum world, the magnet can exist
in both states simultaneously — a feature known as quantum superposition.

The natural positions are equivalent to the “zero” and “one” of a binary code, as used in ex-
isting classical computers. In this experiment, the researchers controlled the direction of the
nucleus, in effect “writing” a value onto its spin, and then “reading” the value out — turning
the nucleus into a functioning qubit.

“We achieved a read-out fidelity of 99.8 per cent, which sets a new benchmark for qubit ac-
curacy in solid-state devices,” says UNSW Scientist Professor Andrew Dzurak, who is also
Director of the Australian National Fabrication Facility at UNSW, where the devices were
made.
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The accuracy of the UNSW team’s nuclear spin qubit rivals
what many consider to be today’s best quantum bit — a single
atom in an electromagnetic trap inside a vacuum chamber. The
development of this “lon Trap” technology was awarded the
2012 Nobel Prize in physics.

“Our nuclear spin qubit operates at a similar level of accuracy,
but it’s not in a vacuum chamber — it’s in a silicon chip that
can be wired up and operated electrically like normal integrated
circuits,” says Morello. “Silicon is the dominant material in the
microelectronics industry, which means our qubit is more com-
patible with existing industry technology and is more easily
scaleable.”

In September 2012, the same UNSW team reported
in Nature the first functional quantum bit based on an electron
bound to a phosphorus atom embedded in silicon, “writing” in-
formation onto its spin and then “reading” the spin state back
out.

With their latest result, the team has dug even deeper into the
atomic structure to manipulate and measure the spin of its nu-
cleus. This is the core of an atom, containing most of its mass,
but its diameter is only about one-millionth that of the atom’s
diameter.

“This means it’s more challenging to measure, but it’s almost
completely immune to disturbances from the outside world,
which makes it an exceptional quantum bit,” says UNSW engi-
neering PhD student Jarryd Pla. “Our nuclear spin qubit can
store information for longer times and with greater accuracy.
This will greatly enhance our ability to carry out complex quan-
tum calculations once we put many of these qubits together.”
Electron spin qubits will likely act as the main “processor” bits
for quantum computers of the future, coupled with other elec-
trons to perform calculations. But nuclear spin qubits could also
be integrated and could provide a useful memory function or
help implement two-bit logic gates between the electronic
qubits, the researchers say.

Demonstrating quantum memories and two-qubit logic gates is
the main focus of the UNSW team for the near future. They are
also exploring ways of improving the accuracy of their nuclear
and electron spin qubits even further, by moving to a purer form
of silicon.

Will robots create
new jobs when
they take over ex-
isting ones?

At a robotics industry
event organized by
business blog Xconomy in
Menlo Park last week, peo-
ple working on better indus-
trial robots claimed their ro-
botics technology will actu-
ally boost the U.S. economy
and create more jobs, even if
some jobs do disappear for-
ever, MIT Technology Re-
view reports.

“We’re replacing jobs that
people don’t want to do and
really shouldn’t be doing,”
said Aldo Zini, whose com-
pany Aethon makes wheeled
robots that ferry medicines,
food trays, and garbage
around hospital corridors so
people don’t have to.

Human workers who do
those jobs often develop re-
petitive-stress or back inju-
ries and frequently quit, said
Zini. In some cases, better
robots will simply be tools
for existing workers, not re-
placements, added Aaron Ed-
singer, CTO of Redwood
Robotics, a company work-
ing on making robotic arms
cheaper. “We think of it as
industrial augmentation to
make workers more effi-
cient,” he said. “I think we’ll
find new jobs that come
from that.”
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