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Director

Emerging Frontiers
in Research and
Innovation (EFRI)

Engineering Education and
Centers (EEC)

Chemical, Bioengineering,

Environmental, and
Transport Systems (CBET)

Civil, Mechanical, and
Manufacturing Innovation

(CMMI)

Electrical,
Communications, and
Cyber Systems (ECCS)

Industrial Innovation and
Partnerships (IIP)

Engineering Centers
Engineering Education
Engineering Workforce

Chemical, Biochemical, and Biotechnology Systems
Biomedical Engineering and Engineering Healthcare
Environmental Engineering and Sustainability
Transport and Thermal Fluids Phenomena

Advanced Manufacturing

Mechanics and Engineering Materials
Resilient and Sustainable Infrastructure
Systems Engineering and Design

Electronics, Photonics, and Magnetic Devices
Communications, Circuits, and Sensing Systems
Energy, Power, and Adaptive Systems

Academic Partnerships (GOALI, I/UCRC, PFI AIR, and
PFI BIC)
Small Business Partnerships (SBIR, STTR)




ENG and SBIR/STTR Budgets (SM)
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ENG Research Grant Proposals and Awards
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ENG Prioritizes Research'Critical to the—""

Nation’s Challenges

National Initiatives

Advanced Manufacturing
Clean Energy

National Nanotechnology
Initiative

National Robotics Initiative
BRAIN

NSF Cross-cutting Priorities

Cyber-Enabled Materials,
Manufacturing, and Smart
Systems

Communications and
Cyberinfrastructure

Science, Engineering, and
Education for Sustainability

Education and Career
Development

Interdisciplinary Research
Innovation Ecosystem
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~Advanced Manufacturing

Historically NSF has supported frontier research that has led to
transformational advances in manufacturing

e Additive manufacturing grew out, in part, from basic research
investments in the 70’s and 80’s

e MEMS enabled by fundamental research in late 80s (NSF & DARPA)
Present research extends traditional advances and builds upon
convergence of trans-disciplinary advances

e National Robotics Initiative (NRI): towards autonomous systems

e Cyber-Physical Systems (CPS): smart manufacturing

e Digital design and manufacturing methods

e Scalable Nano-manufacturing — moving forward on NNI discoveries
e Bio-manufacturing

* Novel semiconductor design and manufacturing

Looking forward
e Internet enabled, distributed, personalized, dynamic, digital, ...
e Energy and materials efficient sustainable manufacturing

* Integration of services into manufacturing and servitization of products_..
BN

7 November 20, 2015



\

Materials Genome Initiative

Materials Genome Initiative
for Global Competitiveness

June 2011
Future Materials
Continuum
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The use of biological systems comprised
of biomolecules, cells and biomaterials,
or the products of biological systems, to
generate new devices and constructs
with a view towards scalability and
industrialization

Vision: To combine advances in biology
with innovative design to engineer the
next generation of biologically inspired
products

Objective: To advance research in
biomanufacturing as an emerging
discipline in the academic and industrial
communities, as well as a technological
opportunity to spur research and
industry growth

Production of liposomal pharmaceuticals in a
microfluidic system
(A)
Biomaterials

Cells (bacteria, yeast,
mammalian cells)
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Scaffold

(B)

|
Stereolithography/Bioprinting Microfluidics/Stop flow
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Fabrication of complex, biologically active,
three-dimensional constructs

Micromolding/photolithography
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President Obama “BRAIN” Initiative—a bold new

research effort to revolutionize our
understanding of the human mind and
uncover new ways to treat, prevent,
and cure brain disorders like
Alzheimer’s, schizophrenia, autism,
epilepsy, and traumatic brain injury.

“... the BRAIN Initiative will
change that by giving
scientists the tools they need

to get a dynamic picture of the
brain in action and better
understand how we think and
how we learn and how we ..
remember.” INST}

10 Directorate for Engineering
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Mapping and EAW
/

mechanisms underlying the

brain adaptation to changing
environment, and genetic
and epigenetic landscape

mechanisms underlying
dynamic decisions and
communication within and
across scales

Integration Noninvasive
Brain Activity
Mapping
Deciphering

Intelligent
Systems

Brain Circuit
Control Network

Artificial
Intelligence
Intelligent
Robotics A/
==

neural representations and
coding, and principles of
brain organization and
decision making

Engineering

neural circuits and signal
pathways that regulate the
regrowth, repair of nerve
tissues and cells




“Infrastructure Systems

Fundamental research to enable design of resilient and sustainable
infrastructure systems

Historical approaches and successes

Earthquake resistant structures (e.g. base isolation, novel materials,
improved building codes)

NEES — unique national facilities “at scale”

Integration of engineering and social sciences for infrastructure
management and hazard mitigation

RAPIDs: Learning from real-world examples

Looking forward

12

Protecting from multi-hazard threats and evolving trends (climate change,
demographics, etc.)

Design of infrastructure systems as processes and services vs. discrete
“things”

Interdependency of existing and emerging infrastructure — challenges and
opportunities

Ubiquity and availability of real-time data

November 20, 2015



A New Opportunity - RIPS

v National Science Foundation

® Resilient Interdependent
Infrastructures Processes — e
a n d Syste m S ?:::::l::?:mn Resilient Interdependent Infrastructure

Processes and Systems (RIPS)

. . CONTACTS
Under the Emerging |
& i A_Imul HA Konstantinos P. Triantis ktrianti@nsf.gov (703) 292-7088
F ro nt I e rS I n Re S e a rC h a n d Funding Opportunities Bruce K. Hamilton bhamilto@nsf.gov (703) 292-7066
Awards Daniel Hammel dhammel@nsf.gov (703) 292-4995
;ws Angelos D. Keromytis adkeromy @nsf.gov {703) 292-8061

(703) 292-7263

Innovation (EFRI) Program == pemse e

Discoveries
- Ralph Wachter rwachter@nsf.gov (703) 292-8950
L Dennis E. Wenger dwenger@nsf.gov (703) 292-8606

e Deadline: March 19, 2014 = |

Solicitation 14-524
Search EFRI Staff

> DUE DATES

Full Proposal Deadline Date: March 19, 2014

Chemical, Bioengineering, SYNOPSIS
Environmental, and Transport
Systems (CBET)

Critical infrastructures are the mainstay of our nation's economy, security and health.

Civil, Mechanical and These infrastructures are interdependent. For example, the electrical power system
Manufacturing depends on the delivery of fuels to power generating stations through transportation
Innovation (CMMI) services, the production of those fuels depends in turn on the use of electrical power,

Electrical, Communications and

Eber Systems (ECCS) The goals of the Resilient Interdependent Infrastructure Processes and Systems
(RIPS) solicitation are (1) to foster an interdisciplinary research community that
discovers new knowledge for the design and operation of infrastructures as processes

and those fuels are needed by the transportation services.

Engineering Education and
Centers (EEC)

13 November 20, 2015
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_ Two-Dimensional Atomic-layer Research
and Engineering — 2-DARE

® Under our EFRI program

® Three themes:

e Exploration of Materials
Properties and Device
Applications

Synthesis and
N facturin
g P tions
— Document Type: Program Announcements & Information View Program Page
Search/Browse Publications Document Number: nsf13583

L] —
. I h e O ry a n d M O d e I I n g Obtaining Publications Document History: Posted: July 25, 2013. Replaces: nsf12583.

For more information about file formats used on the NSF site, please see the Plug-ins
and Viewers page.
® 159 pre proposals
-
bmitted

® 42 full proposals invited

i
P E

1 v Nartional Science Foundation
Y WHERE DISCOVERIES BEGIN —
L =]

FUNDING AWARDS DISCOVERIES NEWS PUBLICATIONS STATISTICS ABOUT NSF FASTLANE

Publications Emai\@ Printg Share+
= ~TEFE ' Emerging Frontiers in Research and Innovation

y | 2014 (EFRI-2014): Two-Dimensional Atomic-
"% layer Research and Engineering (2-DARE)

Available Formats: HTML | PDF | TXT

NG
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_National Nanotecmrastructuremk
(NNIN)

University of

‘Washington
University of Cornell i
. : Uni it
Minnesot4®  University afinive@ity - Ml
Michigan
Stanford
: - University of : Pennsylv&i
‘J METSILy Colgyado Wa_sh%]tton State Univeéitt,qoward
. : . . Univel@ty . .
University of California University
@at Santa Barbara : :
Arizona State Georgia Institute
@niversity @f Technology
University of Texas
An integrated national network a@hustin
of 14 university user facilities
providing researchers open
access to regourcez, New competition underway
InSstrumentation an o . . .
b o o All NS.F Dlrec.torates participating
nanoscale science, mn fundmg: $16M /year

engineering and technology :

Www.NNIN.org November 20, 2015 ﬂ@
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188 pre-proposals
received

18 invited for full
proposals

Deadline ~ June
2014

Awards in FYi15
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* “Successful applicants will propose creative, effective, integrated
research and education plans, and indicate how they will assess
these components.”

CAREER Project Description:

* a description of the proposed research project, including
preliminary supporting data where appropriate, specific
objectives, methods and procedures to be used, and expected
significance of the results;

® a description of the proposed educational activities, including
plans to evaluate their impact on students and other participants;

® a description of how the research and educational activities are
integrated with one another

NSF remains fully committed to

supporting the junior faculty

17 November 20, 2015 A3
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Education - NSF IUSE Program
(Improving Undergraduate STEM Education)

» [USE supports the improvement of the undergraduate STEM
education enterprise through funding research on design,
development, and wide-spread implementation of effective
STEM learning and teaching knowledge and practice, as well
as foundational research on student learning.

* Projects that build on available evidence and theory, and that
will generate evidence and build knowledge.

* Led by Education and Human Resources Directorate




Geosciences — Building capacity in MSIs and community
colleges

Engineering — Addressing social inequality in engineering
education and practice

Biology — Integrating mathematics and computing




esearch to Innovation
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“The Service Economy

e e s o _ Medtronic's Ishrak outlines health services
Xerox says shift to services is paying off  expansion plans

By Anjii Raval in New York August 21, 2013 | By Mark Hollmer

The U.S. service sector is responsible for:
e Employing approximately 80% of workers
e Creating approximately 80% of GDP

Manufacturing (product) industries are increasingly
incorporating value-added service components.

The future market will need high-quality, low-cost, and
highly personalized solutions in education, healthcare,
manufacturing, transportation, and agriculture.

24: November 20, 2015 A



INDUSTRIAL PARTNERS

Academe-Industry|

Partnership:

Cooperafive Research
Agresments [CRAS).
Mentoring plons
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Research Activities to Integrate Platform Technology in

Smart Platform
Technalogy
development

Service Systems
integration research

User-centered

usability

Market research

resaarch ta improve

—

Service Systems

N

Innovations in the
service concept

Innovations in the
customer interface

Innovations in the
manner of delivery of
the service

Innovation in
processing systems
that feed service
systems on the back

end.

ENABLING SMART
SERVICE SYSTEMS

dilitin
) —

Smart cities, smart
healthcare, smart
infrastructure, self-
sarvice and customized
seryice solutions to
improve government
services, social and
hurmanitarian services,
etc.




NSF I-Corps

Pool of eligible Plsrg(l)jects o %o g ¥
srojects: ~50,000 P ° o°
< O O
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Decision Partnership
Customer (Te?mls)
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http://www.google.com/imgres?imgurl=http://us.123rf.com/400wm/400/400/yuliaglam/yuliaglam1204/yuliaglam120400067/13213023-illustration-of-funnel.jpg&imgrefurl=http://www.123rf.com/photo_13213023_illustration-of-funnel.html&docid=RKsBaQZym_bZRM&tbnid=8sydBQdexKKtNM:&w=1200&h=1200&ei=GVp5UePQEqaE0QHqkoDoBA&ved=0CAIQxiAwAA&iact=rics
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http://www.google.com/imgres?imgurl=http://us.123rf.com/400wm/400/400/yuliaglam/yuliaglam1204/yuliaglam120400067/13213023-illustration-of-funnel.jpg&imgrefurl=http://www.123rf.com/photo_13213023_illustration-of-funnel.html&docid=RKsBaQZym_bZRM&tbnid=8sydBQdexKKtNM:&w=1200&h=1200&ei=GVp5UePQEqaE0QHqkoDoBA&ved=0CAIQxiAwAA&iact=rics
http://www.google.com/url?sa=i&rct=j&q=windows+recycle+bin+icon&source=images&cd=&cad=rja&docid=lxXAzd5T2-9TZM&tbnid=ROfTvJ2CFJkfQM:&ved=0CAUQjRw&url=http://free-stuffonline.com/free-recycle-bin-icons/&ei=WD95UfzWIIav0AHdn4CQCA&bvm=bv.45645796,d.dmQ&psig=AFQjCNHQeTkvxJF-Prm0sLYZvGVqqe2FTQ&ust=1366986945548766

I-Corps Nodes

I-Corps Sites
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~Merit Review Criterion: Broader Impacts

The Broader Impacts criterion encompasses the potential to
benefit society and contribute to achieving specific, desired
societal outcomes, including:

25

increased participation of women, persons with disabilities, and
underrepresented minorities in science, technology, engineering,
and mathematics (STEM);

improved STEM education at all levels;

increased public scientific literacy and public engagement with
science and technology; improved well-being of individuals in
society;

development of a globally competitive STEM workforce;
increased partnerships between academia, industry, and others;
increased national security;

increased economic competitiveness of the United States;

and enhanced infrastructure for research and education.

NSB Report MR-11/22 - National Science Foundation’s
Merit Review Criteria: Review and Revisions




NSB Recommendation — .

“Just as institutions play an important role in facilitating research-related
activities of their investigators, often in ways that align with strategic
departmental and institutional (and possibly state-wide, regional, or
national) priorities and investments, such a role can extend to activities
directed toward the broader impacts of the project as well.”

“... such efforts might be more effective if coordinated appropriately in
ways that leverage particular institutional assets or strategic directions and
even link investigators from multiple projects.”

NSF should encourage institutions to pursue such cooperative possibilities,
which have the dual benefit of retaining the contributions of individual
investigators while addressing national goals and yielding benefits broader
than those within a given project.

How can engineering colleges and departments respond to this
opportunity?

26 November 20, 2015 -



“Role of Grand Cmnges

Grand challenges can be very useful in catalyzing major
breakthroughs and advances
e NAE Grand Challenges in Engineering

Key characteristics:
e Big impact
e Ambitious yet achievable
e Compelling vision
e Right level of specificity

How can the engineering research community use the grand
challenge vehicle for big research achievements?

27 November 20, 2015 2=
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Questions?

Ideas, thoughts!




