Research Overview
- College of Engineering

ReDAC Meeting
August 4, 2019




Presentation goals and topics

Presentation topics
* Overview of Engineering

* How we support research and
scholarship...with outcomes

* Examples of research efforts
* What'’s next?
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Academic Programs in Engineering




undergraduate
students

Biomedical Engineering

graduate students

— ‘V‘

faculty members

Degree Programs:

B.S. in biomedical

engineering

M.S. in biomedical
engineering

Ph.D. in biomedical
engineering

Help transform healthcare
through innovations in
technology, design concepts and
engineering.

Research Areas:

Mechanobiology
Regenerative medicine
Imaging

Molecular, cellular and
tissue engineering
Nanotechnology
Biomechanics

Human factors engineering



Chemical & Life Science Engineering
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undergraduate
students

graduate students

faculty members

Degree Programs:

B.S. in chemical and life
science engineering
M.S. in engineering
(chemical and life
science focus)

Ph.D. in engineering
(chemical and life
science focus)

Create solutions to the grand
technological challenges facing
the 21st century.

Research Areas:

Mass and energy balances
Unit operations

Transport phenomena
Thermodynamics

Reaction engineering
Biotechnology

Process design and
economics



Degree Programs:

B.S. in computer science

]
M.S. in computer science

e M.S. in computer and
information systems security

(collaboration with VCU
undergraduate graduate students faculty members School of Business)

students

Ph.D. in engineering
(computer science focus)

Shape the computing
involved in nearly every aspect
of modern professional and
personal life.

Research Areas:

Big data

Cybersecurity

Machine learning

Data mining and science
Quantum computing
Bioinformatics

Mobile computing

Data structures




Mechanical & Nuclear Engineering
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undergraduate
students

graduate students

Degree Programs:

e B.S. in mechanical
engineering (option for a
nuclear concentration)

e M.S. in mechanical and
nuclear engineering

e Ph.D. in mechanical and
nuclear engineering

faculty members

Master and improve how
systems work —
at the macro and the micro

level.

Research Areas:

Product design
Manufacturing

Energy systems
Heating and cooling
Transportation systems
Robotics

Nanodevices

Medical devices
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Degree Programs: Research Areas:

e B.S.in electrical engineering Macro/microelectronics

e B.S. in computer engineering Computer system integration
e M.S. in engineering and design
(electrical or computer focus) Power and controls

undergraduate graduate students faculty members * Ph.D.in engineering Communications
students (electrical or computer focus) Cyberphysical systems




Engineering Facilities
Serving VCU students, faculty, and colleagues...

e East and West Halls, Biotech-One, Biotech-8
* New Engineering Research building

* |nstitute for Engineering and Medicine

e VMC & NCC

 The “Maker Garage”

* Innovation Lab




Our Future

Shared goals

Broad interests

High Expectations
Innovative & Entrepreneurial




BOOST

Teamwork

What is our biggest
challenge?

What would VCU Engineering
look like if we met this

challenge in a significantly
better way?

Are we consistent or intense?
Neither?




Engineering Research & Scholarship Initiatives

“Every accomplishment starts with the decision to try". JoAn F Kennedy

Graduate Student Support

DERI, DURI, REU
Aggressive Goal Setting
Research Converge Council
Investment in infrastructure
Workshops and training

Travel Grants, Dissertation Assistantships, new
funding model

Prospective students (HS, UG, UG)
Research productivity benchmarking ($$9$)
Faculty leadership Group

Increase equipment access, expand capacity
Fellowship Competitions, Research Ethics




Student Experiences

Grad. Students Research Funding

400_500 Travel, Training, $30 M

Fellowships




Priority: Increase Research

Expenditures
2014 2019

—

What happened???

- Good hires

- Leadership

- Strategic Planning

- 2X GS support

- Capital Investments
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ACCESS TO MEDICATIONS

TARGET MOLECULE
IDENTIFICATION

The Bl & Mesnda Gates
Foundation establishes
poorities based on
market projections and
established theraples for
HIVIAIDS drugs and other
neglected drugs.

ACTIVE INGREDIENT
OPTIMIZATION

{ nes for All (MAALL)
works with acaden
discover cost-saving techniques
for manufactuning an active drug
Ingredient

CONTINUOUS
MANUFACTURING

MA4ALL designs a continuous,
automated manufacturing platform
for the process. This reducss cost
and eowvironmental impact.

BATCH
MANUFACTURING

Once M4ALL finds a
lowcost batch process,
they send it to the Clinton
Health Accass Initiative.

They implement it rapidly to
roduce the cost by 10-30%

DISTRIBUTED

MANUFACTURING APPROACHES
M4ALL develops reconfigurable platforms that can
rapidly manufacture medicines to enable reg
and in-country manufacturing capabilities,

REINVENT SUPPLY CHAIN

The Clinton Health Access
Initiative coordinates distribution to
underserved populations.
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Smarter RVA

Smart Richmond is a vibrant and sustainable ecosystem where
entrepreneurs, researchers and the city authorities collaborate together to
use technology to build a smarter city supporting citizens services, job
creation and innovation. Gain Insights

« Optimization | TI "
« Forecasting .
 Simulation | e e
» Predictive Modeling

» Driving New Economic l ,

Models
» Collaborative R&D A
 Skills Developments ’ :

and Growth
» Competitive Advantage

City Growth

Economic growth

Reduced waste

Reduced energy consumption
Efficient transposition system
Resource optimization
Structural management
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College of Engineering

Effect of space flight on bone and muscle

Henry J. Donahue, Ph.D.
Bone Engineering and Science Laboratory (BEST Lab@VCU)
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- Questions

* What is the relationship between bone and muscle loss
in response to simulated microgravity and space radiation?

* What is the cellular and molecular mechanism of bone and
muscle loss?

* What role does genetics play?

* Will countermeasures that prevent bone loss prevent
muscle loss and vice verse?

* How well do ground based analogs simulate actual

& isht?

o 5 space flight?
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SBlar Energetic Particles
{Solar Particle Events or
Coronal Mass Ejections)

Make it real. Radiation induces bone and muscle loss in astronauts...and mice exposed to simulated space radiation



Tang Research Group
Polymer Nanomaterials Lab

We focus on processing and characterization of functional polymer
materials with applications in biomedical and environmental
engineering. Our goal is innovation in improved polymer materials Dr. Christina Tang
processing and enhanced material performance.
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»  Functional Materials for Energy, Environment & Human Health

Principle Investigator: Dr. Weining Wang | Graduate Students: Xiang He, Zan Zhu | Interns: VIP, DURI, DERI, RMEP, Work-Study

@ Nanomanufacturin ‘ @ Simulation & Modeling

Heat/mass/charge transfer
CFD, MD, DFT, ...

Aerosol
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= Heterogeneous catalysis

= Energy conversion and storage
= |AQ control & exhaled breath analysis

@ Characterization - @ Applications

Graduate student positions available, please contact Dr. Wang: Email: wnwang@vcu.edu, Tel: 804-827-4306
For more information about research at Dr. Wang'’s laboratory, please visit: https://wnwang.wordpress.com/

Lab Address: Biotech One, Suite 1081, nesflere Quest( 2 cc AM
800 E. Leigh St, Richmond, VA 23219 My, Sroisnenon
N, N (e

'ADVANCED MANUFACTURING
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Cyber and Digital Influences

Research Expenditures DOUBLED since 2016




CYBERSECURITY
Cryptography Lab & Blockchain Lab

Hong-Sheng Zhou, Ph.D. | hszhou@vcu.edu

Computer Security and Forensics

Research Lab Security and Performability of

Irfan Ahmed, Ph.D. | iahmed3@vcu.ed
flan Abmed. P B fishmedS@vey. edy Complex Systems (SPECS) Lab
Thang N. Dinh, Ph.D. | thdinh@vcu.edu

Intrusion Detection Security Lab

Carol Fung, Ph.D. | cfung@vcu.edu Complex Networks and

Cybersecurity (CNS) Lab

Changqing Luo, Ph.D. | cluo@vcu.edu




SOFTWARE AND HARDWARE

Mobile and Wireless Networking
Group (MoWIiNG) Lab

Eyuphan Bulut, Ph.D. | ebulut@vcu.edu

Software Improvement (SWIM) Lab

Kostadin Damevski, Ph.D. | kdamevski@vcu.edu

Robotics Lab
Mobile Systems & Intelligent CangYe, Ph.D. | cye@veu.edu

Communication (MuSIC) Lab

Tamer Nadeem, Ph.D. | tnadeem@vcu.edu




Al / MACHINE LEARNING
Modern Heuristics Research Lab

Millos Manic, Ph.D. | mmanic@vcu.edu

Natural Language Processing Lab

Bridget Mclnnes, Ph.D. | btmcinnes@vcu.edu | nlp.cs.vcu.edu

High Performance Data Mining Lab

Alberto Cano, Ph.D. | acano@vcu.edu
Machine Learning and Stream

Learning Algorithms Mining Lab
. . Bartosz Krawczyk, Ph.D. | bkrawczyk@vcu.edu
and Applications Lab

Vojislav Kecman, Ph.D. | vkecman@vcu.edu




DATA SCIENCE IN BIOMEDICINE

Data Mining and Biomedical
Informatics Lab

Krzysztof Cios, Ph.D. | kcios@vcu.edu BIOInfOI‘matICS Lab
Tom Arodz, Ph.D. | tarodz@vcu.edu

Biological Networks Lab
Preetam Ghosh, Ph.D. | pghosh@vcu.edu

(un)Structural Bioinformatics Lab
Lukasz Kurgan, Ph.D. | kurgan@vcu.edu




We are growing. It's being noticed. We are

Summ ary positioned to keep going..
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What’s next for Engineering...



Versatile Plasmofluidic Device for On-chip trapping, sorting and dynamic manipulation of particles
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Breakthrough Devices
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Fast and Precise Nanoparticle Positioning
Boltasseva Group, Nature Nanotechnology, 2017
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Photonic Topological Insulating Laser
Christodoulides-Segev Group, Science, 2018

Integrated Quantum Network in Diamond
Loncar-Lunkin Group, Science, 2016



National Prominence

« Research infrastructure expansion (strategic) FIFTY IN

« Faculty development (larger grants)
« Convergence research

« Enrollment growth

« Research partnerships (new areas)
« Faculty and student diversity

« Open to partnerships!!




