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Presenter
Presentation Notes
Good afternoon. It is my great pleasure to discuss with you a case study on our ERC center called ASSIST which stands for.
It is a partnership of many universities with NC State being the lead and FIU, PSU and UVA being partners. We also have built strategic relationships with other schools shown here. 
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Presentation Notes
This is the outline of my talk. I will share what we have learned in all the core areas of the Center. I will then end with a list of things we wished we knew early on.
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Chronic Diseases and COVID-19
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And that’s what motivated us. Our vision from the beginning has been to address chronic disease management since it is such a critical problem. 60% of Americans have some sort of chronic disease such as diabetes, heart disease, lung disease and treamtnet and care of these diseases takes up majority of our health care resources and also reduces the quality of life for so many Americans.. And the recent pandemic has sadly made it even more clear that when people have chronic diseases their outcomes are not so good. Even mortality has been higher.  
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| ASSIST’s vision is to create self-powered sensing,

computing, and communication systems to enable
data-driven insights for a smart and healthy world

» Self-powered

* Physiological, biochemical
and environmental sensors

« Wearable, wireless and
- comfortable

* |Informative and continuous
data

[ - Hl
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We targeted the management of chronic conditions through our disruptive “always on” wearable devices. 
The vision of the ASSIST Center is to drive data driven insights for health by building self-powered systems that have 
physiological, biochemical and environmental sensors. 
They are wearable, wireless and comfortable and generate informative data


3 AssisT
ASSIST enables continuous health monitoring for
chronic disease management

Continuous operation via self-powered/low powered electronics

Multimodal sensing of physiological, biochemical & environmental

targets
New digital biomarkers from correlating different sensor data streams
Explain/ Influence/ Predict health outcomes

Gain fundamental insight into disease origins
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ASSIST technologies are unique in monitoring these chronic conditions. Why? Because they operate continuously. 

They have multi-modal sensing which can be correlated in new ways to 
produce new digital biomarkers. 

These can start explaining, influencing and even predicting health outcomes.
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With this vision driving us, we organized our Center into the 3-plane diagram you see here. As you are likely familiar, the use cases and testbeds sit at the top and drive the research in the center. 

To illustrate our challenges and how we addressed them, I will walk through the core components of the technical program starting with the engineered system
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ASSIST’s Engineered System
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ASSIST’s primary engineered system consists of key components that enable self-powered operation such as energy harvesting, low power electronics, multimodal sensors and more. 

To reduce risks and gain early wins we divided this systems into two platforms: sensors track and a self-powered track. We also added a virtual testbed track that models all aspects of the system including human behavior. Together, these platforms help drive the vision of ASSIST.


\ SSIST

Michelle Hernandez, Randall Moorman,  pavid Peden, MD Ayse Belger, PhD, Robert Kirsner, Nirmish Shah, MD  Delesha Jon Piccini, M.D., Dr. Sean
MD, UNC MD, UVA UNC Neuroscience and MD Duke Carpenter, Ph.D. Duke Cardiology ~ Pokorney, M.D.,
Psychiatry, UNC Univ. of Miami UNC Eschelman Duke Cardiology
School of
Pharmacy

1. Asthma (1 in 12 Americans)

2. Atrial Fibrillation (>600,000 deaths per year)

3. Diet management in pre-diabetics (36% adults w/BMI > 30kg/m2)
4. Wound Healing in Post-surgery/diabetic patients (~$15B)

5. Medication Detection (> $300B avoidable costs)
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Next, we had to translate our engineered system into testbeds. The way we did this is was by targeting use cases. We selected 5 applications and use based on widespreach reach and number of  individuals impacted and potential benefit from long term monitoring. 
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ASSIST Roadmap Plan
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We then used these use cases and their technical requirements to build a Testbed roadmap of 10 years. These different generations had more sophisticated characteristics either in the amount of harvested human body energy and in the number of sensors that were supported by the harvested energy. This roadmap formed the bases of our research portfolio. 
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Use Case

Vigilant ECG

Asthma

Diet & Wound

Medication

ASSIST Roadmap Actual: 2012 to Today

HET Gen 1

SAP Gen 1. ECG
shirt
o e

HET Gen 2

SAP Gen 1.9:
Cardio-
Respiratory
Sleeve

Wound Monitoring

o
y
L 2

SAP Gen 3:
Biochemical

TEG- powered
being developed

HET Gen 3

10

Achieving
ASSIST’s
vision of
self-
powered
wearable
systems for
healthcare
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Our approach has resulted in us meeting all of our roadmap goals with one exception of medication compliance since that required a lot more fundamental biochemist than the center could provide. 
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\ SSIST

ASSIST s Testbed Driven Wearable Systems

Use cases: Vigilant atrial-fibrillation, asthma monitoring, diet management, wound
monitoring and medication compliance

Flex Electrochemical Patch

11
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These technologies have been integrated into weearable systms that are targeting our Testbed use cases. 


= SS'ST Vigilant ECG Armband Testbed

Supercapacitor with

high capacitance Custom AFE with Compressed Screen-Printed Full
retention Ozone & ECG Sensing PPG Duplex antenna
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Here is one of our more recent testbeds, a vigilant ECG armband that shows how multidisciplinary team-work has been culminated.  The Testbeds are a glue of the Center and help bring students and PI from different backgrounds and partner schools together for the common goal. 
In this example, energy harvesting, circuits, system integrations, textiles and design school are all working together. 
Similar multidisciplinary integration has also been exemplified by our other Testbeds. 
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ASSIST Convergent Research
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conductivity PODMS

BiTe bulk legs

np) | Flexible Electronics

ASSIST’s low power electronics designed and refined for human body
Sweat collection using osmotic pressure with material design
New enzymes for energy harvesting from sweat for human body

MEMS for ultrasound energy transfer to implanted sensors
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ASSIST has several examples of convergent research that we define as generating disruptive solutions bringing together two ore more different disciplines right from the the beginning. 
In the area of body heat harvesting, ASIST has generated world class metrics for thermoelectric generators by using liquid metals to minimize any parastics. 
Sweat colletion when someone is not actively sweating is enabled by recreatig natures osmotic pumping in hydrogel materials. 
Collcting that sweat and getting energy through noevl robust enzymes 
Modifying the PPG LED power based on reflectance from different skin tones to maintain good SNR while minimizing power
And using wearable MEMs to send energy to implanted devices. 
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Research Metrics and Recognition

. . . % BD ’Biogen_
91 PhD degrees awarded since inception 4
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novo nordisk

Over 650 total publications

ANALOG
DEVICES
Spun out 10 companies, 3 additional licenses Csas n
82 inventions and 32 full patents filed _ . ”
cadence ‘ﬂ’

Numerous joint publications across partner schools

Multiple Faculty and Student Awards
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Here our some of our research metrics.  We have graduated 83 phDs to date. 12 of these graduated this past year and these are the global footprint companies that our latest graduating class as joined. We have published over 628 papers, spun out 10 companies. We have 82 inventions. 
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Our Pis have been working towards a common goal since the center was established in 2012. This animation from nanohub tracks the networks and the connections that our team has made in the area of publications since the beginning. As we step through year 1 to year 9…..we can see the dense set of collaborations between our Pis. This would not be possible without a Center. 
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Impact of ASSIST Publications

Science News from research organizations

ASSIST H-index = 50

Physics
Today,
2021

Paper-based device provides low-power, long-term
method for analyzing sweat

Date:

Source:

Summary:

Share:

June 9, 2020
American Institute of Physics

Researchers have constructed a paper-based device as a model of wearables that can
collect, transport and analyze sweat in next-generation wearable technology. Using a
process known as capillary action, akin to water transport in plants, the device uses
evaporation to wick fluid that mimics the features of human sweat to a sensor for up to
10 days or longer.

f v 9P in=

mmlech ) S e TR
NEWS

{» Body heat boost for wearables: NCSU improve
< harvesting tech to power devices

™
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It is also useful to see the impact of our publications. As you can see, the H index of our Center publications is over 44 and we exceed all of our sister ERC established in 2012 when we searched the publications with their respective NSF ECS fund code. 

We are also above several of the earlier ERCs from 2011. 

Our research has also consistently received media attention as shown here with sweat and also TEGs
We have also garnered a few cover pages  over the years with the latest one being in advanced materials from Michael Dickey.


-\
Humaniti
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This slides shows the broad range of discplines (indicated by a circle) that the Center has involved in its goals. Beyond engineering, our Center has social sciences, health professionals, medical specalities and more. 


) Assist . . .
Innovation in Education

= 5 Capstone Teamsin Yr 7,
30 total

= Multidisciplinary minor
enrollment

= 33% win awards!

| = Systems Thinking
= 15 middle/high school teams at
NCSU, 14 expected at PSU

= Entrepreneurship/Innovation

= Industry/Manufacturing

= >1,750 students = Mentoring/Leadership

= >80 Teachers = Communication

e Ethics/Diversity Awareness
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Our education program starts with K-12 students and we have a wearable health challengs that has grown in size and geography. 
We involved in undergradusate capstone projects where industry is also providing mentorhsop. 
We have a minor 
We have TESP. 
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K-12 Experiences: Wearable Device Challenge

Engineering Design Competition for Middle
and High School

Year # Teams # students
2015 ) 3 Evaluation of v1rtuql younhq
scholar program with a focus
2016 17 60 on hands-on engineering
2017 23 100 design projects in an online
2018 24 117 setting, 2021 ASEE
2019 27 140
€ ASEE R & roteAton

2020 15 NCSU teams

registered pre-COVID*
2021 ~15 NCSU Teams

LU VNSRS 2020 Virtual WDC competition!

First Place: Team Salus - A life-jacket-worn detector for
continuous CO monitoring during recreational boating.
Second Place: Mosquito Stoppers - Solar-powered, sound-
based, mosquito repellant device

19

@ PennState 2019 WDC competition!

Teacher Comment: "This was the most educational
trip I've ever been on." ...They are already thinking
about next year and trying to find problems to
solve with a wearable device
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In our educational programming, we have made advances in K-12, undergraduates and graduate programs. 
--We converted all our K-12 programming to virtual programming and reached a far broader and under represented sets of students. These findings are being presented at the upcoming ASEE. 
--We also continued our expansion of use cases through senior design and I am also pleased to say that we are the most interdisciplinary in our UG minor to date.  
--We offered new programming in our TESP portfolio.  


\SSIST

Textile Eng
2% Aerospace Eng
2%

Dual Majors*
5%

- —

Mechanical Eng
2% Biomedical Eng

16%

Chemical Eng
C10%

Undergraduate Minor in Nanoscience and Technology

/ Undergraduate Curriculum

ASSIST senior design

NC STATE
UNIVERSITY

A.G.I.L.E.

Assisting Geriatrics in Independent Living through Engineering

/\ SSIST Team Members: Sloane Cox, Chase Browning, Bryana Polk, Alex Masone, Yuran Li
Mentors: Dr. Elena Veety, Dr. Adam Curry Sponsors : Murata, ASSIST Center

20

# of Courses/Texiboo

New Courses

Ongoing Courses New Textbooks or Chaplers
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In our educational programming, we have made advances in K-12, undergraduates and graduate programs. 
--We converted all our K-12 programming to virtual programming and reached a far broader and under represented sets of students. These findings are being presented at the upcoming ASEE. 
--We also continued our expansion of use cases through senior design and I am also pleased to say that we are the most interdisciplinary in our UG minor to date.  
--We offered new programming in our TESP portfolio.  
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Undergraduate Research : Joint ASSIST and FREEDM

REU SITE: From The Body To The Grid: Joint ERC REU Explores Energy From
Nano-scale Harvesting To Smart Grid Technology

~50% community college or non-STEM institutions

Lunch and Learn on Diversity & Inclusion ~ Communication Workshops ~ Research Updates Joint Poster Symposium
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Translational Engineering Skills Program (TESP)

Systems Thinking Workshop

Dr. Matt
Johnson, and Dr.
Kathleen Hill

PSU Center for
Science and the
Schools

i i PennState Center for Science
sll College of Education CSATS and the Schools

-

~\

Systems Thinking

Entrepreneurship
and Innovation

Diversity

Awareness
/

ASSIST SLC Online Independent Learning Fellowship

«  Student-led initiative providing fellowships to pursue an
online certification offered by an online coursework
platform (e.g. Coursera).

\I
Industry and |
Manufacturing |

Engineering
Ethics

Parinership fo provide Virlual Technical Wrling Workshop series
for graduate students and posidocs across partner insfitufiors:

The Graduate School
gﬁﬁﬂ?’;ﬁm demic | * May 14, 2020 :_How o wriie_compeli_ng absiracts and intros
and Engineering Wiiling | * July 16, 2020: lileralure Review Toolkit
Support

Mentoring,

Teamwork, and
Leadership

Communication

Veety, E. N. et al. (2014), Translational Engineering Skills Program (TESP): Training innovative, adaptive, and
competitive graduate students for the 21st Century Work Force. ASEE Annual Conference & Exposition. 22
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Student Impact and Achievement

LN ]

Z@" . Saba Emrani, PhD - 1st
4 Senior Machine Learning Engineer at Apple

2yr « Edited - g2

https://Inkd.in/gx795t9

Big day: it feels amazing when your work is out in the world to be used by
@ millions of people and detect their irregular heart rhythms! #ECG

#AfibDetection + FO"OW

Proud
Journa
embeq

g soft sensors and
les (pg. 1 ...see more

OPE

coati

10T urnal A new class of...

ECG app and irregular heart rhythm notification available today on Apple
Watch
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ASSIST Industry Members

GSaS Medtronic

=
L
) HANES mulRata ANALOG
.E Brands Inc INNOVATOR IN ELECTRONICS DEVI%S
S _.
9
AstraZeneca
o @VitaIFlo VALENEELL Av:g.;meg QO BIOSTRAP @DewceSolutlons * ADUM
Z £

= 'e ovr 7z )
S RIAD el W OlfTech Solutions
H &
DERMISENSE EMICONDUCTOR DEVELOPMENT ONDA VISION TECHNOLOGIES,  LLC. & Sensor Company
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Our industry 
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S Industry Partnerships

» Successful track record of startups and licensing

=

SYSTEMS . . — .,
I\EXT IfTech Solutions N )5 everactive B
A — D

S Sensor Company DERMISENSE i

(((’ CLEARSENS mur=IuINpvi=IN] @VitalF’o omics
» Industry enabling new ASSIST funding

vs & —ASTTraCS

DERMISENSE

ONDA VISION TECHNOLOGIES, LLC,

» Exploring new models of industry engagement
» Industry webinars

) M o B Ba .7 . THERMAL
» Joint technology development il M. =l 2 sysTEMS
» Joint Publications ANALOG JnuRa_ta
SS&S DEVICES

INNOVATOR IN ELECTRONICS
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In ASSIST, we continued to increase our entrepreneurship with our startups and new licenses. 

Industry has helped us bring in > $1M through support and collaborations. 

And our engagement with industry has reached an all time high with many new ways that we are engaging. 

We do struggle a bit with meeting the expectations of both large industry and startups. 


VitalFlo is like having a Pulmonologist in your Pocket
We help Primary Care Providers measure and understand their patients’ lung health in every setting

Hybrid Platform for both In-Person & Virtual Care Intuitive for General Practitioners

e Simple and quick to use — both in the
clinic and at home

e Portable, flexible system frees up nurse
time and exam rooms

e Built-in coaching for high quality data

Powerful Insights for Specialists

e Advanced trends, patient status alerts

el and analytics
3. Pariy VitalFlo Mobile , .VitaIFIc.) ; o ;
Spirometers Hops Clinical Decision e Predictive forecasting POC
& Data Partners Support & Reporting demonstrated in clinical study

B vitalFlo



Increase remote diagnosis with easier systems

Painless
Zero Power
Easy

Low Cost
Scalable
Safe

Not deep enough for nerves

Swells and wicks ISF

Spring-loaded applicator applies set pressure

Common materials

Standard manufacturing techniques

Biocomp. certified (no toxicity, reactivity, or sensitivity)

www.DermiSenseHealth.com



@;ﬂ_ onda VisioN TRCH T POC: William D. Reynolds, Jr., Ph.D.
4) Email: wdreynolds@ondavisiontech.com Phone: 919.261.3191

Problem Addressed Commercialization Opportunity
* Early recognition of severe dehydration in athletes.

* Transition: = Mature  ASSIST wearable
technology into viable commercial products

Current Field-based Methods -1— Commercial Opportunity Corresponding Limitati
* Body Mass Changes ': - _ I * Laborandtime intensive * Innovation: Wearable sensor performs
* Urine Test Onda Vision Technologies + Invasive requires fluid samples L.
* Urine Color Charts :  addresses the unmet need of real-time,  : * Static measurements Bioim pedance Spectroscopy (5 —-200 kHZ)
+ Visual Observation inon-invasive, field-based hydration menitoring. : + Subjective assessment

* Features: Non-invasive, continuous, low-cost
hydration monitoring

» Target Market: Collegiate and High school

tovas I“?;E::irt:\:nt Thern‘;:mﬁn;iation - w:-?:r:;?::ng at h I eteS ex pO SEd tO hOt a nd h um |d

conditions (e.g., football, soccer, track).

Wearable Hydration Sensor (Prototype) Program Status:
* Cellular level measure of hydration: complex bioimpedance * NSF SBIR Phase I: Feasibility
response of biological tissue. * NC State Academic Partner

* Developed prototype wearable hydration sensor
27 April 2020 - 30 November 2021

* NSF SBIR Phase II: Commercialization
* Currently under review
* Extend research towards commercialization
* Perform field studies (MVP Testing)
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Diversity and ASSIST’s Culture of Inclusion

Effective Mentoring: A Catalyst to Improved
Climate for Research Productivity

Second Session in 2021
Series

Date: June 2, 2021
Time: 11:30 AM to 2:30 PM
RSVP by May 24", 2021 to attend !

Trolier-McKinstry

Wednesday, December 2
11:30am - 1:00 pm

Program Coordinator for NSF SEAS Research
3. Joel Ducoste, PhD
Engineering Professor & Interim Associate Dean

SS61

ASSIST’s distinguished
speaker series

Stéphanie P. Lacour,

L May 20, 2021 | 10am-11am EDT ) .
Trolier-McKinstry Keynote:

Crafting a Scientific Career
from Successes and
Failures

Soft bioelectronics for wearable
and implantable interfaces

;) MATERIALS RESEARCH SOCIETY®

Advancing materials. Impraving the quality of ife.

Research opportunities:
transgender women with HIV
@UNC

PPG human subject studies

SBIR on hydration monitoring
with Onda Vision

Women's Keynote Presentation featuring Susan

ovr

i/

ONDA VISION TECHNOLOGIES, LLC.

William Reynolds -

Misra, chair of ECE Founder at Onda Vision

search committee
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We discuss our culture of inclusion using examples of how we engage with URM in our Center.
We have invited top female scientists in our distinguished seminar series. 

Our own leaders are making a difference in international conferences as well as in hiring of tenure track indivisuals. 

In the research space,  we have identified a very special use case on transgender HIV patients that can benefit from stress monitoring. I already mentioned that we have built adaptive PPG that works on all skin tones and we are also working with William Reynolds of Onda Vision on a jointly awarded SBIR on hydration. --
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All ERC Engineering Workforce Development, Diversity
and Culture of Inclusion, Evaluation, and Student
Leadership Workshop

Held in November 2020 = 120 attendees from across all active ERCs

Supplemental funding from NSF, and collaboration with multi-ERC
organizing committee

Featured Sessions:

_ _ If you do not
keynote address from Dr. Calvin Mackie intentionally,
poster and conference sessions deliberately and
NSF-led discussion Panel proactively
professional development workshops
self-sufficiency session

include, you

30


Presenter
Presentation Notes
Used the opportunites to engaged ERC wide on ….
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ASSISTT Vision



ST ASSIST* vision is to enable health monitoring that does not =
miss a beat

ASSIST* will accomplish this through cutting edge wearables and implantable devices
ASSIST* will focus on cutting edge technologies in powering, sensing, analysis and packaging
ASSIST* will enhance capacity to rapidly prototype systems/subsystems and drive partnerships

Cutting Edge Technologies Health Applications

— = Wearable and

ASSIST Srarae
Wearable

Medical | OFf Bady Implantable Syste ms
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Expanding use cases : NIH, DoD, USDA

NIH

Alzheimer’s Disease and Related Dementias, asthma,
DoD

Warfighter health and performance
USDA

Sensors for early detection of diseases in plants MisrgNamad i RAREA

Microsystems
Exploratory Council ~

MTEC

: : -
n | I l 8| p— Medical Technology
. Enterprise Consortium

nano-bio materials consortium

North Carolina Center = . *
for Optimizing Military Performance
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ASSIST ERC Platforms are enabling

Leading edge systems that are use case driven
Cross-disciplinary team science driven by Testbeds
Collaboration with clinicians on human subject studies
A pipeline of next generation of global leaders
Diversity in all Center activities

Startups and licenses and jobs

Self-sufficiency plan that expands use cases

34
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This brings me to the summary of my overview. I hope that what I have shown you has conveyed to you that ��ASSIST has…
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