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The Anastomotic Angle of
Hemodialysis Arteriovenous Fistula
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Ultrasound Cardiac
Strain Imaging

IEEE TRANSACTIONS ON

BIOMEDICAL
ENGINEERING

3312 IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. 71, NO. 11, NOVEMBER 2024

Coordinate-Independent 3-D Ultrasound
Principal Stretch and Direction Imaging

Geng-Shi Jeng
Lawrence H. Staib
James S. Duncan

, Po-Syun Chen, Min-Yen Hsieh, Zhao Liu
, Senior Member, IEEE, John C. Stendahl
, Life Fellow, IEEE, and Matthew O’'Donnell

, Jonathan Langdon, Shawn Ahn,
, Stephanie Thorn
, Life Fellow, IEEE
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Ultrasound 3-D cardiac strain imaging using novel principal directions provides more robust detection of ischemic regions than
traditional radial strain imaging. See “Coordinate-Independent 3-D Ultrasound Principal Stretch and Direction Imaging” by

Jeng et al., p. 3312.
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2D ultrasound Simulation Database
(Philips Research Suresnes FRANCE)
« 100 simulated patients, s

.....

« 60%training, 10%validation, &

.....

30%testing 4
Green « about 6000 images .
Strain Loss function(Learning rate 1.25e-4 -
Epoch 166)

( Ultrasound database focus on myocardial region)
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Blood Pressure: Continuous Monitoring

p(t) = pg e“(%“)

Diameter
waveform

\ 4

e
140
M-K & B-H
Frame #47 P .
P”:PU—FA_(]ZIMIWH Mn:An _Au—l
120
(*)} [
""" I
€
e
100
80 :
Wearable US . 1 ) 5 y
Time(s)



Airborne Single-Chip Ultrasound Imager
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Beamformed imaging consumes time between 23.2 to 68ms



Underwater Sonar/ Fishfinder

* Purpose: Develop a real-time, forward-looking ultrasound imaging system

« Our technologies: One-shot two-way beamforming

1-MHz, 96-element phased
array

30 fps at 25m depth

FOV: 135° X 20° X 50m

— 60

50
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Non-contact Respiratory Detection
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H:z MEMS Lab

Heterogeneous Integrated MEMS Lab
Prof. Yi Chiu

email: yichiu@mail.nctu.edu.tw  website: http://himems.cn.nycu.edu.tw/
Interests: CMOS-MEMS, micro sensor, energy harvester

Analysis Circuit Design Fabrication Device Characterization
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. Electrical and Computer Engineering, National Yang Ming Chiao Tung University



CMOS-MEMS Accelerometer*

* co-developed with Prof. H.-C. Hong
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NYCU/ECE Heterogeneous-Integration MEMS Lab



Other CMOS-MEMS Sensors

DFR reservoir
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CMOS MEMS for Al

Reservoir Computing

FPGA Board W ULIUE LT DU I
woe - pooo_ S SRS
Il Collect output x(t) L e
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lll Time delay feedback loop 190 1 D U Y 1€ Y I8 1 Y DU R
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N R .
Function Generator : N -
‘(\): | cMOS MEMS cC Beam | OFf)ﬂine Signal
i rocessing

Il Reservoir layer

' “ 'I m ” Bl Duffing nonlinearity and hysteresis I Training weight matrix W from x(t)
" | | | I Target result y(t)

I WT = Yigeqr* XT(XXT+A1) 1

[1] Dion, et al., “Reservoir computing with a single delay coupled non-linear mechanical
oscillator”, J. Appl. Phys. 124, 152132 (2018)

[2] Chiu. et al., “CMOS MEMS resonator for physical reservoir computing,” Y. Chiu, F.-W.
Tsai, L.-K. Wang, Y.-C. Lee, M. Garg, 2023 IEEE Sensors, Austria, 1-4 (2023)

NYCU/ECE Heterogeneous-Integration MEMS Lab
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Institute of Electrical and Computer Engineerin

Combined biology and electrical systems

Minimally invasive / implantable device Wearable bioelectronics +
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Free wall
=1 cm

1. Stretchability
2. Deformable
3. Stable device reliability and functionality exposed to moisture.
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Bio - Signal mo s Mixed Signal RISC SoC = = =
EEG
i I | Pre-Amplifier

—| 15t stage signal amplify - 1000x
Bandwidth - 0.5 Hz ~ 1k Hz

{

EMG

ECG °

'y 2 Programmable Gain Amplifier
2nd stage signal amplify - 32x
Recording ‘

Signal Processing
Fast Fourier Transform (FFT)
Approximate Entropy (ApEn)

'
Data output
8-channel Real-time display

Steady state Memory test

~—— Frontal EEG
- Ear EEG

—— Frontal EEG
~—— Ear EEG
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Multil-modals

« Anti-inflammatory

ZIRREREANAIN S E

Glucose

—k Acetylcholine

‘m v Electrical (neural) signals
‘& Dopamine

Optogenetic neural implant
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Transient Electronics

Transient electronics are an emerging class of electronics with the unique
characteristic to completely dissolve within a programmed period of time.

Degradable electronic medical devices Eower up !!
/
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All Biodisintegratable Hydrogel Biohybrid Neural Interfaces

Tibialis anterior
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medialis (GM) muscle
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* Prediction vs measure §&/* & % = correlation coefficient = 0.9989
(where 1= perfectly correlated, 0 = no correlation)
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Top View
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—+#— Clinical measurements
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Al-related applications:
Generative Al for data and image processing
Deep learning for data and image processing
Machine learning for data and image processing

1) Top view 3D
(Conductivity reconstruction) (Conductivity reconstruction)
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Electrical conductivity profile of patient 15
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2) Top view 2D
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3) Top view patient’s CT
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Smart inhaler for Asthma/COPD

Measure inhaler technique by
inhalation sound

N4 Improving patients’
inhaler technique

Al model:

®* Risk prediction

Smarthaler : personalized
inhalation model

« Guide correct inhaler use

« Accurate inhalation flow — —— ¢ Disease control model

pattern *  Self management program

« Real time records

v
. o Noexhalation before Use correctly
— i-Breath Platform: -~ inhalation ik D,
90 ‘ \ 9 90
. ici e i 2 ” ja
Telemedicine === / 7 e
* Improve respiratory care capability = 1 _11
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o o . 1 /11 | | |
* Information security (blocked chain) i 1 s (R | S | S S s

Insufficient peak
inspiratory flow rate
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Smart inhaler for Asthma/COPD

Sensors : Data analyze: Clinical use:
« Attach oninhaler * Inspiratory flow pattern * Health education
« Measure using sound - Inhaler install check - Digital health

Able to integrate different drugs‘ 60 Acoustic Device vs. Standard Flow Meter
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Neurodegenerative Disorder

Aging society Neurodegenerative
disorder

Alzheimer's disease
Parkinson's disease

Stressful society treatment-resistant depression

S BREREABBEASEREEE - B TREMER - mA treatment-resistant schizophrenia
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Biomedical System-on-a-Chip (SoC)

Primary sensor
Common RE
Control sensor
Antenna
Interconnects
‘Communication circuitry
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