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* Limited studies available on long-term effectiveness of

Approach

Long-term evaluation of sensorimotor
control strategies in transradial prostheses

Towia [\ Aadeel Akhtar

Research Problem

State-of-the-art commercial prostheses lack sensory
feedback

sensory feedback and sensorimotor prosthesis control
strategies

Developed a low-cost
prosthetic hand capable of
sensorimotor control

Motor control — EMG
pattern recognition

Sensory feedback — Contact
reflexes, Electrotactile
stimulation

Visual Blind-

Results Feedback folded

Eggshells cracked
(original myoelectric)

6/10 8/10

Eggshells cracked

(our hand) L L

Volume displaced

.. . 19mL 73mL
(original myoelectric)

Volume displaced

tenr el 12mL 19mL

We designed and implemented a low-
cost prosthetic hand that can easily be
integrated into standard sockets, facil-
itating long-term testing of sensorimotor
control strategies for people with hand
amputations worldwide.




Results (cont.)

* Video of eggshell and water cup grasping

Note: The video can be downloaded at

To keep the master file size acceptable, | delete it, but
feel free to e-mail for the complete file.

Long-term evaluation of sensorimotor & @
control strategies in transradial prostheses ==& *

Aadeel Akhtar

Intellectual Merit

* Test EMG pattern recognition algorithms and sensory
feedback over 2 weeks to 6 months

* Subjects evaluated on performance in standard
occupational therapy tasks

* important to understand usefulness of long-term
sensorimotor prosthetic control

* Requires use of prosthesis that can record data from
the prosthesis long-term

Broader Impacts
* 11.4 million people with hand amputations worldwide

* 80% from developing nations, <3% have access to
prosthetic care

* Our hand will provide long-term sensorimotor prosthetic
control solutions to people with hand amputations
worldwide


https://www.dropbox.com/s/bdmcoj4oxds5edn/Akhtar_Aadeel_FlashTalk.pptx?dl=0

Research Description

A. Ozan Bicen, Postdoctoral Fellow,
Inan Research Lab, Georgia Institute of Technology

 Research Question

“Non-Invasive Monitoring of Left Ventricular (LV) Dysfunction

for Heart Failure Patients” ,/ ot \“\\__
— The responsibility of the LV is to pump oxygenated blood from the . ',f—ﬁ_rm’,
heart to the body. e \.I '.' g T\\jf L m:j\\
TR\ Y/ Sy A\
* Approach fo\ \ ﬁLﬁ W
— Wearable and unobtrusive sensing systems to complement R T vave \ “)
implantable hemodynamic monitors ‘_ _ /) ;‘\ YO\ /‘
==l B;|listocardiography: measurement of body vibrations QL. RV ‘i“ = ,,|

— The timing information for LV events in the cardiac cycle can
provide key information regarding the overall health of the heart

* Results — Inter-subject variance of BCG signals is high

— Extraction of timing information from a (a), intra-subject variance 15, low (b)

BCG waveform

!W\ |10mg sc6, T T—
\-\/J%IV\N/-W

— AN\w W
20mmH
VC R "o _ I‘“mg SCG, » e /\' mm,g'A‘EB
— Additionally, motion of the subjects would

significantly distort the measured BCG signals

v Bicen, A. O.



Significance and Future Directions % &

Intellectual Merit
— Objective: To develop robust algorithms for "
feature extraction by utilizing physiological (.) J\, :
relations between LV function and BCG < ! ' - -
signals, and by mitigating distortions due to : W :
1. subject-to-subject variability, : X :
2. motion artifacts, Wearable sensing system for Feature extraction from BCG and ECG signals
BCG and ECG signals for detection of left ventricular dysfunction
3. sensor placement errors. (a) )
— The data from heart failure patients will be Wrist Watch Anniand Knee Brace/Wrap
used comparatively with the validated
measurements from healthy subjects.
Broader Impacts Wearable BCG

— This research effort is expected to bridge an important gap in the area of mobile health with
regards to the clinically relevant assessment of the mechanical aspects of cardiovascular system
using wearable, unobtrusive, and inexpensive systems.

— Example application for precision medicine: “In Home Monitoring of Heart Failure Patients”

* Wearable sensing of key parameters in cardiovascular function such as contractility can
enable proactive detection of condition worsening and personalized medical therapy for
heart failure patients. Bicen, A. O.



Research Description Medtronic g7 %

* Research Question

Can closed-loop deep brain stimulation (DBS) based on external
sensors provide improved therapy for essential tremor?

 Approach
- Tremor detection from wearable acceleration sensors
- Integration with Medtronic Nexus-D interface to initiate DBS

* Preliminary Results s ke

- Real-time tremor detection NeiisD

with delay less than 250ms P
- A stand-alone wrist band that %, ~ 7 i /
5

can initiate DBS in response to
. Wi | 5 5
tremor detection i !__

and EMG sensor

Cagle, J



Significance and Future Directions f’

 Future Directions

- Compare clinical effectiveness of tremor detection based
closed-loop DBS to open-loop DBS

- Examine improvement of battery life and side-effects

* |Intellectual Merit

- Gathering the first critical information on the effectiveness of
closed-loop DBS systems for essential tremor

* Broader Impacts
- Improve the quality of life of essential tremor patients

- Transformative to other movement disorders, such as PD

Cagle, J



Research Description

Research Question

To develop a pulse pressure monitor with same accuracy level as BP

device yet exceeds in a non-contact and continuous fashion.

Approach

— Doppler radar based physiological monitoring

— 1) Signal demodulation algorithm (chest wall displacement £100um)
— 2) Integrated prototype design

— 3) Pulse pressure estimation algorithm

— 4) Evaluation and optimization (IRB approval)

Results

— Displacement order of mm =
— Range 4-12mm, Error 0.01-2.63% (10um)
— Range 0.1-1mm, Error 0.13-2.88% (10um) Gao, X.

a0° Splitler



Significance and Future Directions f’

* |Intellectual Merit

— Easiness and comfort to care givers and patient

— Innovative device
e Continuous monitor pulse pressure non-obstructively
* Analysis on the trend of value change
* Necessary judgement or prediction

* Broader Impacts

— Interdisciplinary studies (physiol., biomed., eng.)

— BP monitoring device industry
— Wireless and smart sensing (communication, sensor network)
— Remote sensing applications (vital, fall, occupancy, security)

Gao, X.



Research Description
Research Question

Effects of high charge density stimulation in the retina.

Approach Results

|
Change in Retinal Thickness?
CORNEA
Ims 1ms 1ms

333 -
RETINA

T 2 Ves
L
>
2 No
Q
3- 100 -
<
(¥

25ms

I I I }
T A L) X

0.92 122 163 2.26

Charge Density (mC.cm-2)

1.63 mC/cm2, 333 Hz for 30 min, 1ms Pulse - Biphasic

Gonzalez Calle, A



Significance and Future Directions %2} &

Retinitis pigmentosa (RP)

Oy Ny b -

=

Epiretinal b e Area of

Implant B T4 photoreceptors
S g destroyed by
- | disease

Photoreceptors
Ganglion Cells

40 nC
75 pm

40 nC
520 um

0.02 mC/cm? 0.91
mC/cm? Gonzalez Calle, A




NN An In silico Model of the Effects of Vitamin D3 on &=

CULLEM COLLZZE af ENGIMEERING

Department of Biomedical Engineering Myco bacteri u m Infected MaC ro p h ag e % !% -

Research Question: How does nutrient deprivation, specifically vitamin

D,

infection

App

Maya Gough and Elebeoba May*

deficiency, effect the host’s ability to defend against mycobacterium

roach:

Establish known mechanistic pathways

MyD88E!

Curate known mechanistic pathways

g
M hagefntracellular@Di buminl [ DBPE | Albu i DBPE| §
acrophagefntracellular |agrm - v — o % iivo e
MyD880 MyD383 L I = z
@ 13 v =
j kI )la) vmaxy[h]
K+ [h]

v = fylallc] + ka[bl[c] + kalal + k,[b]

- |

Inf-Ctrl/Inf-VitD

Intellectual Merit:
Currently there does not exist a dynamic model that captures these
interactions

Previous models were specific to humans and/or limited by the
availability of empirical data

Our intracellular vitamin D; model overcomes many of these IimitgtiogsM
ough,



NVERSITYOTHOUSTON Ay In silico Model of the Effects of Vitamin D3 on W% e o

Department of Biomedical Engineering MyC O b aCteri u m I n fected M aC r 0 p h ag e
Maya Gough and Elebeoba May*

Results:
[
Optimize and validate model with experimental data .
. Experimental Sufficient Vitamin D
ELlSAEL-lOHMOHﬂ_lO) Sufficient Vitamin D Model
1.0002 Insufficient Vitamin D Model
/__/;. Expernmental Insufficient Vitamin D
0.9008 / 2k i
0.8008 =
/ o =
0.700@ %
" 1.5F B
0.6002 =
g o
E 0.5000 g
: g -
p @O 1L i
0.4008 i
=
f-—C//q/- S
0.300@ (=)
Vamndl -
0.200708 =6=\/itamin@30 0s
===EthanolTontrol? T 7
0.100@
0.000
or 10@ 200 300 400 500 600 708 80m
. 5 O 1 1 1 1 1 1 1
Timefhrs)al 0 2 4 5] g 10 12 14 16

Time(hr)

Broader Impacts:
*  Mpycobacterium tuberculosis : 9 million people infected, 1 million dead

* Many factors pertaining to patient health are overlooked, (ex: age, nutrition level, environment,
cultural differences, diet...)

e Vitamin D, deficiency is tied to TB susceptibility and poor outcome of infection but is almost
never taken into consideration when treating for TB; there is a strong need for more
personalized treatment

* The results from our simulation can be used to provide a greater understanding of how vitamin
D, deficiency can impact the immune system during infection, affording us the ability to create a
platform for modulating immune response using nutraceuticles. Gough, M



Research Description

 Research Question
— Automatic assessment of medication states of

patients with Parkinson’s disease using wearable sensors

* Patient-specific, activity independent classification approach, and
without constraining patient’s activities

* Approach Results

A. Gyroscope Sensors ‘-

B. The Developed Algorithm WnstTrunk/Leg Sensors | Trunk/Leg Sensors
The Method
Acc. Sens. Spec. Acc, Sens. Spec.

Classifier Training [
\ Kmp J3T78 | 6Reb | Eiee | T30a | TO57 | 2a03
: L ) 1.2 7510 | 683 D.02

Clustering ~— Labeling Kmp 7147|7140 | ¥7.36 | 7519 | 6830 | 80

SOTMp 7331 | e64l 64997 7450 | 6lla | EA1S

’ ST My a0 | 6547 93.34 1247 G304 [ LO2E
' Filtering and Feature Classifier Parameters
Segmentation Extraction 100 HP - 4P
Classifier Testing oy e )
L E g +Pg "
Finding Nearest 8 e <311
inding Neares : e -
Cluster ~ Labeling < ol e
K] a P42 P14
O : e
g <~ a3
5 . P .
C. The Algorithm Result & =2 =
o Gnf et
5 2|
L L P |
. a -] 0 15 20 25 an

Sum of Change in Bradykinesia and Tremor, and m&IMS Average for ON State Rounds

OFF State ON State 40-Sec

Hssayeni, Murtadha



Significance and Future Directions g’

* |Intellectual Merit

— The first attempt to develop a patient-specific and activity-
independent algorithm to classify medication treatment states.

— Developing a multi-way data analysis approach where time-frequency
representations of the ambulatory signals of the gyroscope sensors

are simultaneously processed and novel time-frequency features will
be extracted using tensor decomposition.

* Broader Impacts

— The developed effective and low-cost algorithm can
replace the frequency clinical exams and diary recordings
allowing improved and patient-specific treatment of PD.

— It would significantly improve the treatment outcomes for

the millions of patients afflicted with this neurological
disorder.

Hssayeni, Murtadha



Research Description

* Research Question

— Urinary incontinence is a debilitating condition that
affects hundreds of millions worldwide.

— Can we develop intelligent algorithms and energy-
efficient hardware’? to improve diagnosis -
and treatment options for urinary incontinence, |\
including conditional neuromodulation?

e Approach

— Real-time, single-sensor vesicle pressure
analysis w/ Context Aware Thresholding (CAT)?

— Implementation on low-power uC for

Contractions Artifact

retrospective analysis & prospective study C PRI
with human subject W

Pressure

(e,
h
L]

O | | 1
150 200 250 300 350 400 450 500 550

) —ReSUItS gE | | | N Y I |
Haop——L 1. 1 .1 1 1 |
— 92% accuracy on prerecorded data w/ 1.4s > oﬁf[o IZO"" f"" 30 | =0 | 4"0| 45f 5;’0 |550
lower avg. latency than human experimenter T om0 s T;ég(s) 200 #5050 550
— Conditional stim. inhibited unwanted bladder (A) Clinical urodynamics testing, (B) custom

contractions & sig. incr. bladder capacity SW/HW platform for cond. neuromod. Testing, (C)
example retrospective analysis

(320+ 78 ml = 520 £ 91 ml)

1 R. Karam, et al. “Real-Time Classification of Bladder Events for Effective Diagnosis and Treatment of Urinary Incontinence,” TBME, 2016. Ka ram R
2 R. Karam, et al. “Ultralow-power Data Compression for Implantable Bladder Pressure Monitor: Algorithm and Hardware Implementation,” BioCAS, 2016. [to appear]. ’ :



Significance and Future Directions

* Intellectual Merit

— Exploring novel algorithms and hardware for real-time bladder
event detection for improved neuromodulation

— Development / validation of a closed-loop neural control
framework w/ custom hardware implementation of CAT

— Support for ambulatory urodynamics studies (w/ single sensor)

— Can be used for further investigation into the mechanisms of
bladder control for different patient populations and to test
hypotheses regarding nervous control of organ function

 Broader Impacts

— Unique contribution to the field of urology and urodynamics;
enables precise autonomous detection of meaningful bladder events

— It can have a profound impact on the diagnosis and treatment of LUT dysfunctions

— Data can be used by...
» physicians = augment or replace existing diagnostic techniques
* researchers = investigations into bladder physiology, mechanics, and control

» pharmaceutical -2 testing new OAB medicines

This has the potential to significantly improve the quality
of life for the >250M people with urinary incontinence

Karam, R.




Research Description

* Research Question

Multiscale Computational Tools for Antibiotic Resistance Big Data:
Patterns, Mechanisms, and Personalized Therapeutics

Data Knowledge Action
= — L&
—
* Approach
I Subpopulation
Resistance

CDC Databases | ECDC Databases P b b

N Antiobiotics-AR :
Profile Personalized

¢ Res u Its L I Relationships Antibiotics

CARD il, EuPathDB

_ D|5parate Data Resistant Genes Antibiotics Redesign

(De Novo Antibiotics

rLct Linteractionl Resistance Design)
UniProt Mechani
— Ensemble learner | . poB A
H's.rz'faf analysis afﬁ:’ne learnin j

— Protein/Drug design

Causal analysis Protein modelling

Karimi, M



Significance and Future Directions %

* Intellectual Merit

— Antibiotic Resistance
* Mine resistance
e Unravel resistance mechanisms
e Suggest and redesign personalized antibiotics
— Big Data Analytics
* Multiscale and disparate data integration
* Integrated machine learning and causal analysis
* Multi-objective and multi-constraint combinatorial optimization

* Broader Impacts

— Prepare for, understand, and control antibiotic resistance
— Lower the direct and indirect cost

— Implications to drug resistance in general

— New applications and curated data for data scientists

Karimi, M



Research Description

How do we perceive speech?

* |dentify and model the neural representations of speech.
* Non-invasive methods are required for understanding auditory dysfunctions.

Approach
 Phonemes (e.g., /b/ and /t/ as in bake versus take).

* We use Electroencephalography (scalp EEG).

e (Calculating time-aligned neural responses to phoneme instances as subjects
listen to continuous speech.

Plosive

Results A

| E ; Vowel

G 100 200 300 400  Time (ms)

o
ot

* Each instance of a phoneme in continuous
speech produces multiple distinguishable

& Z-Score ©
izl

=
n

neural events occurring as early as 50 ms,

and as late as 400ms

Khalighinejad, B



Significance and Future Directions #z7 &

Intellectual Merit

Quantification of representational properties of speech using EEG.
Effect of attention on representational properties.

Comparison between people with auditory verbal hallucinations vs. healthy
population.

Broader Impacts

Speech development.

Contexts where a listener learns new acoustic distinctions.
Second language acquisition.

Speech processing disorders.

Khalighinejad, B



Development of a Disposable Paper Based Ocular Biosensor for
Monitoring Post-Surgical and Post-Traumatic Eye Condition

M. S. Khan, S. Misra, A. Duval, E. Daza, F. Ostadhossein, M. Bowman, G. Taylor, D. McDonagh, L. T.

Labriola and D. Pan*. Department of Bioengineering, MatMed Laboratory for Materials in Medicine.
* dipanjan@illinois.edu

University of Illinois at Urbana-Champaign, lllinois USA 61801

Research Question

= 41-45% of patients who suffer from wound leak infections will have a severe vision loss..
= |n 2005, 66,533 of these procedures were performed which cost ~$1.2 billion as per Medicare database.
= 59% of eyes with filtering surgery resulted in wound leaks and 14% suffered from post- operatlve |nfect|on.

L
Problém: Bleb Leak

INormal vision = and then loss

Approach Point-of-Care Label-Free highly sensitive and low cost handheld Ocular Biosensor to detect

—=—fiH an Blagenaor

wound leakage using a tiny drop of Tear film.
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1EHT
Results 1EHE
- 1.E+IE
5 e
1]
T 1.E+13
3 1E+02 - | BpL 10pL
& Aqueous Humor
1.E+00
[ 200 400
Time {sacond]

Actual A8 Concentration in AH [Sul)

B ¥ 2001 4054
- Ri=n4avia
",

B AH (L) u
Linsr [AH (5L

D 120 =10 aop
Searceeteatban (M)

Lag 240y

1 E+0E ——TF on Blosensor

1.E+0T
1.E+D6
1.E+D5
1.E+D4
1.E+05

1.E+02 2.0uL
1.E+1

Tear Film
1.E+0)

] 200 400
Tirme (aecahl)

Jhdpl 10pL

Handheld
Ocular Device

455 Actual A4 Concentration InTF (3ul)
1

45
w0 A5
4.0 . R =0.451

g 44

N 435 wn

LK Sempled £

f""'

L]

. '] 1 ==
3 mTF WL ‘+t BOT1O90 A M 1% M et 20
495 Linear |TF |2uL)) ™

e 1] 10 n ] 40 KHAN’ M

Concen traion |pM|


mailto:dipanjanpan@illinois.edu

Significance and Future Directions g

Intellectual Merit

To identify problems earlier and more efficiently to prevent further complications from
wound leaks, including infection and chronic low pressure in the eye of failed surgery.

Successfully tested TF samples collected from healthy volunteers and found the efficiency
and sensitivity of the Ocular Biosensor device.

Transformation of current standard of care for eye professionals and enable physicians to
have an objective measure that can warn them about possible wound leaks at POC level.

Future usage at different collaborative locations for data reproducibility.

Broader Impacts

To standardize post-wound evaluation, treatment and improve the standard-of-health-care.

Requirement of the sensor would be high as new sensor strip would be required at each test
for a patient required post-operative monitoring visit.

Estimating seven appointments per year for twenty percent of the surgical market (13,400)
would be 93,000 tests for new patients each year with additional 20% for return patients
would place the sales for the disposable sensors at $2.2 million dollars each year.

Ocular device could also play a significant role to other anterior ocular incisions including
monitoring of post-cataract (3.6 million surgeries/year in the US) or post-corneal surgeries
(50,000 surgeries/year), which would drastically expand the market. KHAN. M



Research Description

Jeonghee Kim
Georgia Inst. of Tech.

L}

jkim448@gatech.edu - G
* Research Question o
n I e
- Tremor suppression techniques - invasive, bulky, and lack of efficacy & —=naes
- Tremor Assessment - qualitative and subjective
 Approach
- Develop a real-time closed-loop
tremor modulation using peripheral \ £.Mecre mentiAsesment )
nerve St|mU|at|On e Trermor Movaement E.Tmfnnr&Ad-N-w Annmﬁ
- Analyze tremor movement using a xjra,"!*"' | !
quantitative tremor assessment ' ‘
C. Parameter Opfimizaficn
o ReSUItS . Li.i:l-l'dliu"T":::;:c:.h
. Trare i I‘;‘\\
. . Maximum Amplitude im— Regl-time Closed-loop
Stimulation OFF 12 . 7 : T Maodulali
n r_.n.f-,-_,“.l-Tu'L-,nl:.“.-,‘ji\ bl [ Comisl & Simalationl S A I Guc:ntlrtec:rgi As{?sessﬁw;nr;
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=]

) - Dominant frequency & maximum
.]l o % amplitude was significantly reduced by

|zt e peripheral nerve stimulation
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Significance and Future Directions %

* |ntellectual Merit

- what kinds of effects can be made by the peripheral electrical stimulation for
the physiological tremor pathway

- how the peripheral stimulation can modulate the tremor movement

e Broader Impacts

- Wearable easy-to-use tremor e L l. T o —
SUppf@SSlon Ruﬂ::tﬁu” Eating Rasting Walking [ I'E"tl"!: J' ling Compubar Sleeping
. . 12 pm 4 par Classlf“er iy -a;ssiﬁer Len Time
- Identlfy the effeCtS Of perlpheral Smartphone ﬁaw Data Mctivity }Hawﬁatj Tremncrjﬂﬁ
uuuuuu B B et Airifr vire b
feedback on tremor " myﬂ; e .ﬁ’fL’,de‘fﬁw, g
- In-ho.me tremor assessment & 1\ _ MetaWear ™
tracklng system A W . .“”_”E?m“”_wccelemmeter
- Accurate diagnosis |
. | Bluetooth
- Determine & track the effects of A= Antenna

. . ._ rtex-MlD /
current treatment/medication

regimens Overview of long-term tremor suppression
and assessment

Kim, JH



Research Description

* Research Question

" |n medicine, promptly leveraging massive physiological

waveform time series archives (> 10TB) is a key challenge
= Can we do fast, yet accurate “patient like me” retrieval?
= How can waveforms from patient “neighborhoods” be used for prediction?

e Approach

Similar Subset Generation through Locality-Sensitive Hashing (LSH)
= Extremely fast approximate nearest neighbor (NN) search

= Pre-index the data into distance-preserving hash tables
= Query only over the reduced search space within the colliding hash bucket

e Results

LSH vs. k-nearest neighbors, tree-based exhaustive search:
= Up to two orders of magnitude faster prediction time

= < 1% decrease in accuracy on non-critical false alarms only
= Trivial increase in memory cost (< 10MB)

Kim, Y.B. (MIT)



Significance and Future Directions #z7 &
* Intellectual Merit

= Novel end-to-end design and implementation of LSH-based NN
search system over multi-dimensional physiological time series
= New data representation for effective noise removal
= Hash family design for multiple distance functions
= Easy-to-use, extensible experimental framework
= Platform for further quantitative evaluation

= Waveform correlation
= Multi-class clinical event prediction

= Binary anomaly detection
= Automatic cohort sets via LS hash table

* Broader Impacts

= Heterogeneous, high-frequency time series data is continuously
acquired at unprecedented volume and velocity

= We provide a “Theory to Practice” exemplar in data-driven, smart

healthcare
= Broader applicability to other time series settings such as loT

Kim, Y. B. (MIT)




Research Description

Research Question

To develop a portable point-of-care imaging devices to reliably measure peripheral
blood perfusion maps, i.e. the perfusion of blood underneath the skin surface.

Approach

PulseCam is a new multi-sensor modality which combines a video camera and a

pulse-oximeter in a unique way to produce low-noise and high-resolution peripheral
blood perfusion maps.

PORH Response measured using PulseCam

Subject 1 Subject 2
Results — . — e

S 8

=
PulseCam produces blood = st
perfusion maps with 0.5 - 3 j
3 dB higher SNRperpixel 5,0 L _J | | s
block compared to the 0 S0 100 150 200 250 300 O 50 100 150 200 250 300
state-of-the-art el Time (5)

technique that only relies M \ >
on cameras. | o) RS ] -

t=30s t-150s t-180s t=50s =150 s t=180s




Significance and Future Directions %

Intellectual Merit

1.

Algorithmic Innovation: Robust signal recovery, motion tracking, and motion
artifact reduction algorithm

System Evaluation: Evaluate for people having different skin tones, under
varying lighting conditions and presence of involuntary motion

Peripheral perfusion imaging dataset: Peripheral perfusion imaging dataset of
healthy controls and patients suffering from peripheral vascular disease

Broader Impacts

1.

POC Device: PulseCam has the potential to become a point-of-care (POC)
peripheral perfusion imaging device which can be used to measure blood
perfusion in wounds and to diagnose peripheral vascular disease, particularly
for disadvantaged and underprivileged population.

Critical care: Multi-camera PulseCam system can be installed at the bedside in
the ICU to access blood perfusion simultaneously in different peripheral organ

like palm, foot, face, abdomen etc which can be used to predict shock.
Kumar, Mayank



Can Texture Predict Bone

Fractures?

Ashanthi Maxworth, Dana Carpenter

University of Colorado Denver

Research Issue:

Osteoporosis and fracture are major
health issues in the world.

Currently the quality of a bone is
determined most commonly by bone
mineral density (BMD).

Recent results show that the BMD itself is

not sufficient in determining bone quality.

Texture of a bone also plays a major role.
Hence for accurate prediction of fracture,
BMD measurements should be combined
with a measure of texture..

Methods:

Following methods were

considered in this study;

1. Bone Mineral Density (BMD)

2. Moment of the image about
the image center

3. Gray scale Shannon and Renyi
entropy

4. Discrete wavelet transformed
image entropies

5. Continuous wavelet
transformed image entropies.

Maxworth, A




* Decision Making
Criterion:

Criterion Decision
High BMD & even texture Risk Free

High BMD & uneven  Potentially at risk
texture
Low BMD & even texture Potentially at risk

Low BMD & uneven At risk
texture

Societal impact and

scientific merits:

1. non-invasive

2. Painless

3. Highin accuracy

4. First time hybrid
implementation of
DWT and CWT and
multiple entropies.

Future Work:
» Suitability in Fracture risk prediction

observations.
* Model optimization

e Determine critical threshold values based on

Maxworth, A




NC STATE
UNIVERSITY

Research Description

Research Question

Fiber-based Potentiometric Ion Sensors for Textile Embedded Remote
Patient Monitoring

Approach
1 Sensing Electrode A - Fibersform:
Inzulating - . .
fase - lon Selective Sensing
Em Conductive
‘ Base Electrode
¥ W MWONTS —_—
(‘v‘ = ISM (K Na-) - Reference Electrode
) Nall + PV i i
—Jer - Electrowetting draws fluid in
Reference Electrode - Textile-array Integration

Results

Printed Silicone Fibers

Evaluation of Fibers:

- Electromotive force produced at different
ionic concentrations
- Effect of strain/fiber spacing

biopotentials

farce ‘,
v wetness

i D
(IEEE Sensors 2016, Accepted) .
McKnight, M.



Significance and Future Directions %

¢ Intellectual Merit e

EfEEY - New data correlations between multiple
—’ factors such as ion concentrations, sweat

levels, and heart rate.

Pressure,/Wetness Fiber - Indicate when urination, bleeding, sweating
Potentiometric Ref Fiber

Na+ ISM Fiber have occurred and to what extent.

K+ I5M Fiber

- Enables novel sensor geometries not limited
to wearable systems.

* Broader Impacts

- Uses standard textile integration methods.

- Application-specific textiles

- Open-source platform for textile designers, hobbyists,
engineers. L )

-~ |
// ‘ ‘ ' ? Co-lr-rel:)gr(\aies

Multiple Sensing Modular Textile s F—l !

Fibers Interconnects

Manufacturers

Researchers

Smart Textile Products McKnight, M.



CLEBRE
Advanced system to measure
sleep-disordered breathing

Research Question
mz Snoring 25%

How to increase the number of children and adult properly screened and "+
diagnosed for sleep-disordered breathing before and after treatment? @ e 57

r’ Miouth breathing 153%
Approach
Convenient and innovative globally set of a small wireless sensor with | —
a smartphone and server applications. .

Ability to measure various parameters, from HR (Heart Rate) to
AHI (Apnea- Hypopnea Index) or RDI (Respiratory Disturbance Index).

Automatic algorithms for segmentation, parameterization and classification
to analyze the data online and stream the analysis report into applications.

Results

Preliminary measurements were performed in a group of more than 100
participants. We evaluated the breathing episodes from 40 whole-night

recordings and obtained 88.2% of overall accuracy.

We also checked fifty 90-second-lasting measurements of oral and nasal o

breathing and gained 95.76% of accuracy using individual classifiers. Mlynczak, M



Significance and Future Directions

Intellectual Merit

Complex cardiorespiratory solution with motion tracking, intended for
home sleep studies, which will be qualitatively and functionally similar to
polysomnography, gold standard.

It could help to provide better understanding of the way, in which we
sleep, by adding deep cross-analysis of measured signals using present-day
robust mathematical methods.

Engineers Doctors

We could also objectively assess the efficiency of treatment, both medical
surgeries and drugs supplementations.

Broader Impacts

Affordable diagnostic solution for users, with the possibility to detect
apneas, snoring and monitoring airways at home, with high accuracy,
with only one sensor, placed in a comfortable way, and which is cheaper Adults Children
and more accessible.

Emphasis the need to measure sleep-related signals not once, but using

multi-night-recording strategy.

e iepe s . : . . . clebre
Scientific integrations with other modalities; and/or commercial fusions

with health services and medical devices. Mlynczak, M



Can we characterize user experiences by %%,,
studying the contributions of Autonomic ot

Nervous System using Wearable sensors? - {‘Z
1. Approach 2. Preliminary
Results
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Significance and Future Impacts

3. Intellectual Merit

e Provide tools and techniques to map everyday experiences onto the 2D SNS-PNS plane
e Mapping user experiences relative to known baseline tasks, similar experiences from same or other users

* Novelty lies in estimating individual contributions of SNS and PNS divisions using machine learning
models

4. Broader Impact

e Detect stressful experiences

e Educators use this mapping to track students’ status (e.g., cognitive load when solving problems and
learning new concepts)

e User responses to content (e.g., individual scenes in films)

Natarajan, Annamalai



Proposal for a non-invasive continuous
and real-time device for cardiovascular

assessment
* Cardiovascular Diseases (CVDs)

Njoum, Haneen



Approach

Wearable Sensor Processing System
Current Source | oo Sy
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ImiP %

Results

Fluid 1, 0.67 Hz , Model 1, 70SV
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Significance and Future Directions g’

Intellectual Merit

- Further our understanding of electromagnetic waves
interaction with blood flow considering the effects of
hemodynamics, hemorheology, and the role of chemical

content on the obtained signals.

Broader Impacts

Patients: Empower Individuals to monitor their health
reliably and accurately and avoid further complications with
an early alert.

Patients: Rid patients and their beloved ones from stress and
concerns about the “unpredictable danger”.

Clinicians: Less surgeries and unnecessary checks.
Pharmacological and non-pharmacological treatment
control.

Governments/Healthcare Providers : Reduce costs
associated with further complications of CVDs

Njoum, Haneen



Motor Evaluation Database for %

Parkinson’s Disease Research 9 %
 Research Questions: A

Cir

1. Should the database be more versatile (upper limb kinematics + EMG, structured
tasks) than existing ones (wrist kinematics, continuous data collection)?

2. Can a motor evaluation database, in conjunction with big data analytics, help

integrate PD research?

* Approach

Phase 1:
QAPD: Quantitative
Assessment Tool for
Parkinson’s Disease

Phase 2:
Database
Development

e Results

* Dissemination of QAPD
* Site-specific treatments tested

* Integration with other databases
(PDGene, PDMD)

* Big data analytics
* Comparison to existing databases

* QAPD: clinically feasible, able to track motor deficits, structured file formats for

database

* Preliminary data analysis supports using multiple tasks types and multiple

Sensors

Patel, V.



Significance and Future Directions f’

* |ntellectual Merit:

e Structured approach to ‘big data’
— Disease stages characterized by brain scans and/or motor
symptoms
— Success of DBS implanted at varying disease stages
— Writing samples corresponding to damage in different neural
circuits

* Broader Impact
* Improvement in diagnostic test (identification of potential biomarkers)

* Improvement in PD treatment plans
— Which medications are optimal for an individual?

* Understanding neuropathology of PD

Patel, V.



Design of a Bio-Inspired Pneumatic Artificial

Muscle with Self-Contained Sensing
Onder Erin, Nishant Pol, Luis Valle, Yong-Lae Park; EMBC 2016

* Research Question

How can the displacement and axial contraction force for a McKibben peumatic
artificial muscle be measured while maintaining the compliance of the actuator?

 Approach

Inductive Sense Coil:

- Wire wrapped around actuator
- Secured to actuator with silicone

— N aunting Ring >

At Chamber
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Significance and Future Directions g’

* Intellectual Merit

- Compliant alternative to rigid pneumatic actuators

- Sense coil can be installed on many PAM implementations

- Linear behavior allows for application of many control methods

* Broader Impacts
- Improve safety with compliant mechanisms
- Viable actuator+sensor choice for orthotics and prostheses

* Future Work
- Dynamic characterization, Closed-loop control
- Improve manufacturing, enhance reliability

Pol, N
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Detailed characterization of gait of multiple sclerosis % % 2 7
patients using temporal and Hilbert spectral features ;
for identifying objective markers of the disease
Approach
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Detailed characterization of gait of multiple sclerosis
- patients using temporal and Hilbert spectral features
for identifying objective markers of the disease
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Intellectual Merit

Identifying new objective labels and types
= Indication of possibly missing information or current labels being insufficient

Exploiting non-stationary properties and spectral features of the MS-affected gait time series
= Modified an existing transform, the Hilbert-Huang transform, and used it to extract spectral

Event-based feature extraction

Relative assessments to enable personalized studies
Relationships between gait variables and PROs
Leverage longitudinal data

Broader Impacts

Making gait analysis a regular part of health and wellness monitoring
Possibility of adapting the methodology for other related debilitating conditions

The advances in personalized signal processing could be applicable to domains that can leverage
relative assessments

Qureshi, Asma



Research Description

e Research Question: This research aims to
explore the connectivity features of the epileptic
functional brain networks in order to enhance
the disease understanding and improving the
diagnosis and treatment.

* Approach: Phase synchronization among scalp electrodes are
helped to calculate the functional connectivity networks.
Extracted connectivity features are utilized to characterize the
disease biomarkers or used for classification.

e Results: Functional connectivity networks was successful to
differentiate healthy subjects from epileptics with accuracy of
92.8% in the test population of 14 children and it was
successfully used to characterize focal epilepsy biomarkers

versus generalized. Rajaei, H.




Significance and Future Directions g’

* Intellectual Merit: This study will outline a reliable
methodology that overcomes the obstacle of
subjective epilepsy diagnosis. The functional
connectivity analysis will highlight the hidden
characteristics of the disease. This method will help
physicians to determine a better assessment of
various treatments.

* Broader Impacts: The method would help the disease
diagnosis in non-invasive, less expensive and in a shorter
time while helps more accurate treatment and makes the
patient to suffer less in case surgery is prescribed.

Rajaei, H.



Augmented Cognition Lab w

Resea rCh DescriptiOn e ¢ Northeastern

* Research Question

What specific aspects of non-verbal human-to-human communication signals are being
evaluated by different individuals (e.g. neurotypical and ASD) during emotion perception?

How does changing their presence or intensity modulate the perception judgment?

 Approach

We employ virtual agents in a VR environment to (1) assess neurotypical individual’s
semantic evaluations of and physiological reactions to non-verbal affective behaviors, and
(2) build an evaluation testbed to explore how different individuals use the different (in
type and intensity) non-verbal behavior cues in their emotion perception judgments.

 Results

We created a non-dynamic human-computer interaction while manipulating three specific
non-verbal channels of communication: gaze pattern, facial expression, and gesture.
Assessment of the behavioral data revealed a significant and complex three-way interaction
between non-verbal configurations on the affective dimensional scales (pleasure, arousal,
and dominance).

Rezaei, B



Significance and Future Directions Q

* |Intellectual Merit

This research will advance previous social psychology and affective computing research
on interpersonal dynamics and social affective semantic evaluation by:

(1) capitalizing on several advantages of VR environments;

(2) building affective state inference models based on the statistical analysis of self
assessments and physiological measurements in an active learning framework;

(3) developing a testbed for evaluating the effect of non-verbal behaviors in emotion
perception ability.

* Broader Impacts

Health-related societal impacts: (1) increase our understanding of typical human-to-
human interactions; (2) eventual rehabilitation of individuals with social disorders,
including children with ASD.

STEM education enhancement: (1) summer internships for high school students; (2)
undergraduate design projects; (3) interdisciplinary graduate research environment.

Rezaei, B



Efficient On-Chip Classification for Resource-Constrained Biomedical Applications % @

Motivation

* On-chip classification is an essential element of implantable biomedical devices

* Power/area constraints limit the integration of conventional algorithms such as SVM, KNN, ANN, etc. (@
* How to implement simple, yet sufficiently accurate classifiers on chip?

Approach

* Gradient-boosted decision trees (DTs) achieve a reasonable trade-off between detection accuracy and hardware cost
(EMBC16)

* Only simple comparators form their building blocks, eliminating the multiplication operations
* Proposed method verified on a large dataset of intracranial EEG data inclndine 420 <ejzures from 27 patients with epileonsv
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Significance and Future Directions

Intellectual Merit
» Useful in diagnosis of neurological disorders
-- Guide early treatment: biofeedback, medications, or electrical stimulation
* Intersection of electrical engineering, neuroscience and machine learning
* Yield important insights for other scientists engaged in related research activities
Broader Impacts
* Primary focus: neurological disorders such as migraine, dementia, and epilepsy
-- Major concerns of the modern world, placing a heavy economic burden on the society
* The results will potentially apply to similar biomedical applications

* The developed circuits and algorithms will be used in ongoing collaborative projects between
Caltech, UCLA, and the Huntington Medical Research Institute

* Actively involve other graduate students in research and publication and contribute to their
technical training
Shoaran, M



mHealth can improve our ability to predict and
prevent emerging diseases

Research Question:

« How can mHealth studies expose neurodevelopment
issues from Zika and other emerging diseases, and can
engagement be maintained at scale?

Approach:

« Development of an enhanced mHealth application, with

symptomology for infectious diseases (including Zika),

deployed amongst the CDC pregnancy registry and
communit

Figure 1: Contact Simulation model, 46 unique

cpr)tact events, random select.ion of infected Res u Its :
WL ECEQEUS < Abiola, S. O. et al. Node view: a
mHealth real-time infectious disease
interface-2014 ebola outbreak case
study. UbiComp/ISWC'15 Adjunct
Proceedings 297-300 (2015).
e Node: Combating Ebola and Beyond in
ONITIR 1 Real-time Using Smartphones, 1st
TATALA Ry Annual Rochester Global Health
o Symposium, Rochester, NY, (2015).
(e 54

" Solomon Abiola (co-PI) http://www.joinnode.com/
@eWizard2_0 solomon.abiola@chet.rochester.edu
NSF 1516340 MEDICINE of THE HIGHEST ORDER




The is the ability to engage in real-time
preventative and predictive precision medicine

Intellectual merits

e Use retinal images aided by computer vision to asses reports of
conjunctivitis

e Use neurodevelopmental questionnaires to asses ZIKV effects on
childhood development

Broader impacts:

e mHealth can overcome socioeconomic and geopolitical barriers,
which hinder larger scale emerging infectious disease surveillance

e Basic science approaches of computer vision and machine learning
improve our preventive capabilities to fight disease in realtime

55

" Solomon Abiola (co-PI) http://www.joinnode.com/

@eWizard2_0 solomon.abiola@chet.rochester.edu
NSF 1516340

MEDICINE of THE HIGHEST ORDER




Research Description

. .| WISCONSIN

* Infections arising in wounds (surgical or pressure sores) are one of the most
common problems faced by healthcare patients

* |If the patient’s wound and dressing are not:

— Monitored properly
— Cared for at the right time

— Given the correct treatments

* The wound can develop severe and costly complications ranging from a few
to tens of thousands of dollars on a per patient basis beyond the patient’s
decreased overall health and increased chance of mortality.

@ MicroViolet Patch Shokoueinejad, M
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Shokoueinejad, M



Polarized light therapy % @

Basic Photosynthesis
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. MicroViolet Patch Shokoueinejad, M




Acnhe

Pressure
Ulcers

Trauma
Wounds

. MicroViolet Patch

EMBC'14

Light therapy applied 9

Benefits extend to:

« Healing wounds

« Treating pain

« Skin: acne, herpes,
allergies

« Wrinkles, skin
mistreated

« 1stdegree burns

 Infected wounds

« Inflammatory process

« Ulcers

« Healing pathological

« Surgical injuries

Shokoueinejad, M



Light therapy LIMITATIONS “ﬂﬁ .

The DEVICE
« Large, bulky, rigid
» Preformed by doctor

* No infection detection

The PROCESS

 Long treatment sessions

« Preformed in hospital

 Light source logistics

@ MicroViolet Patch Shokoueinejad, M




The MicroViolet Patch

Current features
 Re-usable bandage
* Micro LEDs

* Wireless power

« Data Transmission

e Embedded Bio Sensors

« Ultrathin bandage

@ MicroViolet Patch Shokoueinejad, M



Significance and Future Directions %

* |Intellectual Merit

Accelerate the wound healing process by providing controlled light exposure

Monitor the healing process for signs of infection

w N e

Use E-stimulation as an effective adjunctive therapy to reduce bacterial load and
clinical infections.

4. Eliminate bacterial infections by sanitizing the infected site using UV light.

Thus enabling us to realize its mission of making light therapy as
easy as putting a bandage.

Shokoueinejad, M



Significance and Future Directions %

e Broader Impacts

— Light therapy treatments involve constant trips to the hospital

— Hospitalization time is the main cost driver for wound care for the system.
— Reduce the overall hospital stay length and cost.

— By using controlled micro UV/LED therapy we can reverse the appearance of aging skin,
enlarged pores and crow’s feet with a light wave that penetrates far beneath the surface
of our skin without causing any damage. It also pulls collagen to the surface to fill-in lines
and wrinkles.

— Sanitizing process
+ UV light itself wound sanitizing self- adhesive bandage

— Improve healing process

+ Light treatments at various wavelengths have been shown to increase significantly cell growth in a
diversity of cell lines, muscle cells, and normal human epithelial cells.

ultraviolet visible infrared

uvCc uve UVA Violet Red IRA IRB IRC

epidermis
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Whelan HT, Smits RL Jr., Buchman EV, et al: Effect of NASA light-emitting diode irradiation on wound healing. J Clin Laser Med Surg . H
19:305-314, 2001 Shokoueinejad, M



A smart & connected system for
early cardiac arrest detection

* Approach
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Significance and Future Directions %
* Intellectual Merit £ 7%

Connected Sensors ] System Design: building an integrated <lim G
' 3 monitoring system for continuous recording
Application scenarios: both alert at home, and

in CICU — training with integrations of data

nafp Eredetal 0,0\0/0 Data Analysis:
—z"A Receive Reward Patient  |* Novel and interpretable feature extraction
Model g2 LL- Baa e Ap online learning framework, useful for
Update "."t\TJ’,]' online Learning constant and personalized monitoring

e Broader Impacts

— Can help transform current cardiac disease treatment to
more preventive and more evidence-based

— Can be applied to other monitoring scenarios seamlessly

Wu, H



Research Description N

* Research Question

Wearable, Wireless Vital-Signs Monitor for Athletes

 Approach
— Seismocardiograph (SCG) based on MEMS IMU sensor

— Blood Pressure from PTT measurement based on SCG and in-
ear sensor

* Results
— Motion artifact cancellation of SCG (EMBC’16, J. Sensors’16)
— ECG-free annotation of SCG (BioCAS’16)
— PTT measurement from proof-of-concept set up (BioCAS’16)

Yang, C.



Significance and Future Directions #z7 &

* Intellectual Merit

— SCG signal acquisition and processing with motion noise reduction of
SCG during extreme movements

— Standardization and ECG-free auto-annotation of SCG

— Cuff-less blood pressure assessment from PTT using SCG to in-ear
sensor signals

— Specific cardiac disease detection/screening based on SCG and BP
metrics

* Broader Impacts

— Reduce sudden deaths of athletes during or after competitive sports

— A low-cost pre-screening method prior to using expensive techniques
for detecting cardiac diseases

— Low-cost, wearable, daily monitoring system for high-risk patients

— Cardiac monitoring system for low-resource areas such as developing
countries

Yang, C.



Research Description

* Research Question

o Free-Living walking speed estimation in older adults

using a single body-worn sensor

) wearable sensors mounting locations . .
- raw inertial
=~ data
€ar worn sensor variable calculation based on

signal processing techniques

) including sensor fusion and
F filtering

smart watch \l/

multiple features calculation

v

location based regression
et model training and
testing

smart band

"""""""

e Results

o When using Gaussian process regression, walking speed estimation
accuracy for the ankle and waist positions is about
5cm/s.

Zihajehzadeh, Shaghayegh



Significance and Future Directions %

* Intellectual Merit
o Development of a technology for longitudinal measurement of
the walking speed in older adults
* Based on signal processing and machine learning
* Using a single inertial sensor
* Optimized for various mounting locations

o Helps doctors to predict neurodegenerative disorders

 Broader Impacts

o Benefit the society of older adults by a cost-effective tool for
early detection and timely intervention of neurodegenerative

disorders
o Fostering independent living

o Improving quality of life

Zihajehzadeh, Shaghayegh



