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Wearable Radio Sensing of Internal Organs and Tissues

Signal 1(51)
Motion I))) )
SOUrCe <— )
TNCS 1.
JLantenna
SlgnaIZ (S2)

= Local sensing
= Sampling at

CST Ve e | the antenna
Microwave \ ! | or far field
Studio . = Tx can be

multiplexed



Possible near-field sensing on human body

Radiomyography (RMG) Near-field RF sensor (NCS)
Muscle tracking Vital signs monitoring

% %

[ ]
Eye movement = Vocal; swallowing

VAV Cardiogram

A\ Respiration

@!%%@ Pulmonary function

JNIAINISC Pulses

Muscle fatigue

Gesture recognition

Diagnosis of Parkinson’s

Ry

8 Telemedicine
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) Tags on occupants: ID, locating and
vital signs

O Tags on furniture: Covert and backup
vital-sign monitoring

O Tags on essential items: 6 “W”
logistics

) Tags on doors and windows for
security

0 Ambient tags for device-free
occupants (fail-safe): number;
location; posture

Use case of 10T in assisted living:
Passive RFID tags on occupants, furniture, items and ambient



3D localization experiments with spatial diversity

Trail 1
whagpac
) U, "‘3‘4‘3'—|T* — 1
456 | ettt
T 00 350 400 450
X. Trall 2 250
i %-Trall 3
E L
Nm B Tralll . _ . Trail 2
600 . Rx2 480 - L e — ..
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3D Localization Error / mm 3D Localization Error / mm

Trail 3 3D localization error 3D localization error
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My current research projects at NYCU

3 Non-invasive dysphagia monitoring
3 Muscle fatigue by RMG, EMG and EEG
O Fundamental limits of low-voltage switching (< 3kT)

What | hope to do additionally
Brain arterial pulses

Balance and fall recovery
Cardiovascular dynamics
Measurables in Chinese medicine
Humanoids in geriatric care

Indoor precision 3D locating
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Al application in Brain lesion detection and Gamma-
Knife Radiosurgery outcome prediction

A B c
Cont it ScienceDirect Nidus
45 Brain tissue
Py CsF
Neurolmage: Clinical Nearolnagé] 0
CLINICAL -
journal homepage: ) %
® ® £
J @ J b B
. L L , e i & ) &
Fully automated tissue segmentation of the prescription isodose region ; ¥ i ) & y Y ~
delineated through the Gamma knife plan for cerebral arteriov y , = -
malformation (AVM) using fuzzy C-means (FCM) clustering o
.. CI]U" L“] - [} 100 200 300 400 500 1 Vmﬂ 700 800
g-Du Liu™“, Wen-Yuh Chung™*, g= Intensity

Artificial Intelligence Auto Segmentation Application for Evaluate the Risk of Radiosurgery for
Cerebral Ar:zric:-"*=nous Malformation ( ASAP- AVM )
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o e

Audio-visual

Conversation




B B F T TAT 1E RS

5L MRI Rfikeas (AESRGIEIMIEIEZR)

P4

MRI
SHE

A} oy
4

e



PH AR O B INRE AR RREUN A 35 Rt (JEEHRIEEZR)

(%) EABSRFIREM) - () ¥ ARI%E -
B8 | WBHER B H R A
FASE - BT KL
A i T 42
- W 1 P % §;j;4'§ﬁ
ZiERE B | EmaEs | kBT
¥ oz R s 2 2O/ HAE
=g b= C AR Jri}}i T4k 2 A5
D |“Wimi il | BRI APNSE
E £ A 2R 8 A
F | ZRfins 22 R B BB - bk R A
G ARBEME BT R GBI EL
H | #@awaft | knkautatdd - '
@‘% (| BREBOHE | K AMegmea | S0 T T
=] H4% i 6 5145 6 4%

ERHEERE R LSLEIZD Ry

*

%
" - . 4




R B

EYEEE P
HTMEEE (Che-Lun Hung)
clhung@nycu.edu.tw

L

lﬁlﬁ“;e&

F(Smart Medicine)
E(Deep Learning)
4 (Medical Image Analysis)

52
.-
7

E3 E/
* ﬁ?% '?/

- HYEFETE (Bioinformatics Computing)
- SMBEETE (High Performance Computing)

R
%
B2

Eﬁﬁﬁn?‘iﬁl

aERBH#:

=B AR AR R

) ’E’@WF o = 3T
I\/IRI/C & W AT e
i_ = }}§Z¥}¥E"Jz/ TR/ Bl TR 1

HENAE Sl b ES S
iE BEERBEEIE
TR EMEBEERETE
TR ENEREY R

[ ]
universite

PARIS-SACLAY

IIIIIIIIIIII




ABEmEL (BUFEXRBENLIEZERL)
17 [ZAR R B AR B EY BB ERIFT 2R
ERECEABSUETEERESEIR
PFEABEMERERTREIR

e EI TN

B SR R i e

IE}F & @RS 2 & B iR edical T wrmmen

2 B A B (L T 2 B rocesing W .

= s < Performance o

. $ﬂﬁi€3@§§l+lﬁﬂﬁﬁﬁ,@$%§% RTE AN T e

o 5£ N . ;EZ% 1"|EE}T%§-|-% Bioinformati Bioinformati

. BER1008R B E TR - ol -

« EBZER|-Method and manager physical machine for virtual machine Data
consolidation (US874523482) el

. BEBA-L SR TN R EM6355425)
£\ R 7 B 58 7 7 B K2 B BT 058 5 (PR EB1874826 8
LEEA- DEREER AT MR A(RAII881423458 ) DB (SENR)

> #tE&NoCode AI$"\ (EERR ) > BEBmAINAIRRBEITECNCESISE 2 2 Man st Bt
> S ERNUREIRA RS (FMRE) (1145.*4 5TE)

> HE0CT= @ﬁfiﬁiﬁllf‘@@ﬁn"t% 4 ( eERAATFDA) > BREgEEEEARENNAIEZREZRMAITZ

> MEBEREIEARA (108FERINEIRMERSTS ) ( 114&.*4 5TE)

> B SRR IN L AU B 2 AT (RHXERETE ) > SkyMars #E48 (PMC)

> rEEEMIREE (EEER) > Eﬁ?“?% JEMNERS (BRI )

> MEXEAETHNBAIERZRS (BTEE4E) > BRI B ERS ( BEE-TikaF)




T B =0 E5T e A 4T
ElREEBE4N4E

il

-

- f&#R4E Yu-Huan Chien

¢
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Master’s student, BMI,
National Yang Ming Chiao Tung University

Research Interests or Major Works:
Image Processing and Analysis
Data Analysis
Machine Learning and Deep Learning
Large Language Models

Publications:

Image Descriptions for Visually Impaired Individuals
to Locate Restroom Facilities, cheng-Si He ,Nan-Kai Lo, Yu-Huan
Chien and Siao-Si Lin

sRAR Chun-Chung Chang

Degrees:
Master’s student, BMI,
National Yang Ming Chiao Tung University

Research Interests or Major Works:
Speech Recognition and Processing
Medical Image Processing and Analysis
Deep Learning
Large Language Models
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Master’s student, BMI, Master’s student, BMI, Master's student, BMI,
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University University University
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DICOM Prediction Confidence Time
304 FDMBKFIL HFpEF 63.2% 11.04 se
Evheart/R V/RV_DICOM
305 FE2VAKSO HFpEF 62.75% 11.55 se
306 FE36VBSY HFpEF 59.32% 9.36 sec — N .-\-.
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1LYMONLF 318 FMC7ZYSF HFpEF 54.88% 10.49 se
TMVTINPON
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109HI9CE 320 FMSRATPV HFpEF 5406%  9.8secs
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[ Through time-frequency analysis, the sound signal or vibration signal is converted into a time-
frequency map, then will be compressed and classified by convolutional neural network.
U el ? Training Labels |
é -ﬂ ::: ‘ -’-’ ) /
’ o * 63 ’ ‘“mi iml ! o o ° : Reshaped Input Data

[ The feature is extracted with MSE the classification is predicted with simple neural network 1

]
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Deep Learning for Ankle Fracture Classification on X-ray

image: Focus on Bimalleolar and Trimalleolar Fractures
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X-ray images
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with = Deep learning models =

preprocessing e trimalleolar
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Bimalleolar vs. Trimalleolar
Ankle Fractures

Bimalleolar Trimalleolar
A ‘/ medial malleolus « l/ posterior malleolus
\’ lateral 7
lateral malleolus /b malleolus .’, w
medial malleolus
Affects medial malleolus Affects medial malleolus,
(inner side of ankle) and _ lateral malleolus, and
lateral malleolus (outer side of ankle) posterior malleolus (back of tibia bone)

https:/Amavwv.verywellhealth.com/bimalleolar-ankle-fractures-2549416
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Automated radiology report generation from liver tumor computed

tomography imaging

Generated
Report
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Deep learning approach for diagnosing heart failure using cardiac

color doppler ultrasound
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Hemodynamics Team

Research Fields

Research and Development of new
technologies
Invasive and non-Invasive hemodynamic

studies
Epidemiological field studies
Cardiac images
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Major Research Interests

m Epidemiology in
m Hypertension
m Vascular aging and organ damage
m Heart failure

B Systematic review and meta-analysis In
cardiovascular medicine

m NHIRD research

m Development of medical devices
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Research and Development
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In the Field of Hypertension
~ Derivation and Validation of Diagnostic Thresholds for Central

Blood Pressure Measurements Based on Long-Term Cardiovascular
Risks
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In the Fig\d of Heart Failure

Event-free survival

Survival probability (%)

AP B C

104 1.0 4
08+ 08 4 g
06 06 4 3
3
04+ 04 - '.‘g
02- 02 -
Lo Rank P0 003
00 00 00
o ° [} 200 400 €00
Foliovsup duration, days
— LOw carctid FP
----- ~ Hgh carctid FP
HFrEF HFpEF
1007 AHEAD 1007 AHEAD
Mo -no
i . T 1
80 i g 80 ‘_‘_‘M._H_. 2
3 3
4 £ e
60— 5 -% 60— 5
=]
2
o
40— = 40
=
<
20-] Log Rank P<0.0001 @ 20-] Log Rank P<0.0001
0 0|
T 1 T I 1 T I T T T
0 10 20 30 40 0 10 20 30 40
Follow-up duration, months Follow-up duration, menths

Eur J Heart Fail. 2008;10(12):1192-1200.

50




International Cooperation
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Framingham Heart Study
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Chang HC, Cheng HM, Chen CH, et al. Dietary intervention for the management of hypertension in Asia. J Clin Hypertens (Greenwich).
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2019;21(5):616-617.
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Hospice careunit T
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deep learning
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Intelligent functional near-
infrared spectroscopy

(ifNIRS)

B CHHLOCH2 BCH3OCH4 &

T I (3%

ofeeleleor o © —) ®,
o © ororg )
: . @ © |
Microcontroller unit ? : I
Adjustment e~

knob

0 200 400 600 800 1000 1200 1400
Time (0.1 secon d)

1 DiAnaniIkhAFAR NDNNT



Mild cognitive
impairment (MCI)
diagnosis
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Migraine detection

(]
5 6 7 8 9 10

No Mild Moderate Severe
Symptoms

- (0 &9 G
v " — S
" O
—
_—
0 2 4
|

Sci. Rep. 2022
|IEEE JSTQE 2025

Mean AHbO2 (UM * mm)
(=] =N w T, |

ry_skewness(ch3)

COE_recove!

HC vs CM vs MOH (testing)

2 . e
@ M
® | @ MOH
1
Y [}
o
o
0
[}
[ ]
o °
-1
-2
-1 0 1 2 3 4 5

HbT_recovery_rest_mean_d(ch3)

MAT Left Activation by Group and Gender

|

HC
Group

Gender
Male
N Female

Migraine

Mean AHHb (UM + mm)

ol
[}

o
n

o
e

.
o
n

VFT Left Activation by Group and Gender

Gender |
Male
N Female

HC

Group

. Migraine ., ©

. .
.
. .
. A4 *
. .
. .
. .
. .
* A *
. .
. .
. * -
. *
. .
. .
. . -
.
.
., . .
. . *
. A4 * ¢
. .
.
. .
. . - ¢
- -+ .

Baseline
S sec
Task
30 sec
1
% Feedback
'?1." x 5 sec
@
1
Recovery
WP 200 e

. " “ Y
., . .
. . .
. * . . .
- . .
. ""“"- “"
. . . .

-, R Lt . ‘ﬁ“t‘
L. Lt . “‘, .‘
* .

PR “"' o ° “"“
AN . - * .
* . . ,‘ . .
L “ . . 'S ‘0
* . * . ¢ L
- . . AP .
° . * . .

. A d * * . <

A * o "o‘ 0'

* Py * L
* *

. . “ . . ‘¢ ;
A ROR AR NP S RSR 1
‘. . “ “ . ° A

‘O . Py " “ “ * ‘
.“o"ﬁ «® """O

L

“ - ““ L 3 “ "
LR SPRSE DSR2 Y
. . . * *

IR AR AR AL IS

“" “ “ ““ “

. 4"

*

. ‘x""“‘:’t“ﬁ“
. .

P4 ' 4®
L 2N L

. oV 07 0

. . \d * L 2 ‘1
27,0 4% ¢% 97 0
0% 97,0 o0 ¢% 07,0
s 0% o7, @
. . . L <
e® 02 0% 07,0 4% o7



Example of
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Burnout estimation
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ECMO patient
monitoring
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Intelligent optical coherence
tomography (iOCT)

working area
expansion

width reduction

From bench to bedside I N
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Neurophoton 2022
Biomed Opt Express 2024
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OCTAassessing
vascular health

Subclinical cardiovascular abnormalities are
recognized as primary risk factors for
cardiovascular disease (CVD). We employed
OCTA to obtain a comprehensive view of the
3D nailfold microvasculature and applied
unsupervised hierarchical clustering
algorithms to discern differences in vascular
similarity across two distinct clusters in
healthy octogenarians. Our study highlights
the potential of estimating cardiovascular
health in the elderly from nailfold
microvascular structure.
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'@I Intelligent Medicine Material Intelligence  Network  Diversity g9

Generative Al

When applying new biophotonic technologies to
clinical research, the biggest challenge is often

the difficulty in quickly collecting sufficient

human trial data for big data analysis and the

development of intelligent medical algorithms.
Generative Al may be able to accelerate this
research process.

nycu.edu.tw/boillab Search Information @



Wasserstein Generative Adversarial Network (WGAN)
» Data augmentation for NIRS signals
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Denoising diffusion probabilistic model (DDPM)
» OCTA Originall Diffusion Processing

Structural features begin
to emerge

» Structural optimization

» Self-attention
mechanism
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Attention is all you need

This paper introduces the
Transformer architecture, which
Tha n ks fo r replaces recurrence and
convolution entirely with self-
attention mechanisms, enabling

your attention much more parallelism and

faster training.

nycu.edu.tw/boillab

Multi-agent systems

Robin successfully proposed
and validated ripasudil as a
novel therapeutic candidate
for dry age-related macular
degeneration, showing it can
accelerate the pace of Al-

driven therapeutics.
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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
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Institute of Electrical and Computer Engineering

CMOS-MEMS Accelerometer*

* co-developed with Prof. H.-C. Hong

Inductive Accelerometer
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Other CMOS-MEMS Sensors

Inclinometer Pressure Sensor
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Wireless Body Implantable Sensors
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FPGA Board

I Input layer
Il Collect output x(t)

lll Time delay feedback loop
lll Adjustable virtual nodes

/

CMOS MEMS for Al

Reservoir Computing
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Il Reservoir layer

Ml Duffing nonlinearity and hysteresis

1 Training weight matrix W from x(t)

1 Target result y(t)

ITWT =Y gea* XT(X XT4A1) 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)
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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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Blood Pressure: Continuous Monitoring
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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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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
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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
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TIBS System

Envelope(Af)

m
x

0.25mA 0.75mA 0.5mA 0.5mA 0.75mA 0.25mA

sy B \iﬁf)

\.—/ Ey

rectangle

{(Normalized)

Ex

E\‘
trapezoid

LThead simulation &8 & £

A 0.75mA 0.25mA

a b 1.6mA

AF/F
a N oW
o o a a

—_—
-30 0 30 60 90
1.2mA

AF/F
o o
3 © v o

——y
30 -20 -10 0 10 20

d 4 1.0mA
2000Hz 10Hzenvelope  2010Hz '8
I el T 5=

PCB board Matlab

-0.3
-0.6

(¢ K/I _ _
[M Wireless Integrated Microsystems Lab @ NYCU S m s 108

Time (s)




Biomedical System-on-a-Chip (SoC)

Primary sensor
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