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= RF BP sensors with 24-GHz CW radar and NFSIL sensors are developed to
detect the wrist pulse waveform and obtain the R-PTT for blood pressure
(BP) estimation.

* The measured BPs of the subjects are almost located inside the boundaries
of MD+1.965D, namely the 95% limits of agreement

« Compared to the cuff-less BP monitor with two sensors, using a single non

contact RF sensor to monitor BPs is more flexible and practical for be:

O
beat BP monitoring. \
= + Machining learning technique has been applied to estimate the BPs. More

measured data may help to improve the accuracy
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D ERTE  EALBRIRT Z B KA 1S
mT o RERALERE (ECG) HEXEEEILHE
EE (PPG) MRIREZE @ @AW O EEE
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TRERHE 2 ARIER A TSR - ™7E 2019
F o RREBEREH Y RS PTT (reflective PTT,
R-PTT): HEPTTHWEZEENRRPITER TR
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SR ME - XERZEEHA LBISSESHRRKIE
78 ' 2AIE R-PTTEBHFAMETEAT - LUt
ESSHERIENME -

Conclusion
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=mac. RF BP Sensor with 24-GHz Radar

* System block diagram

TN + A 24-GHz continuous-wave radar
sensor is developed to detect the
wrist pulse waveform.

= The radar sensor is arranged in
front of the wrist al a separation
distance.

= Advantages:
compact size & single sensor

Thang 52 CH Teng “NOACONTACT WrEE Dol VDN HACTOn Lung 24-GHY COntusut-wine Fadar vensos bt blood pretiure
= atn” o IEEE WTTS It Micrpw Syme. Dig. Low Angles, €A, USA, Jun. 2070, pp. 647650
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AEREHAMESZERGERES 8
—TEREF 24 GHz NERESR A REUE - @1
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AIERR  ARAERESBEMBERGTAERETE
BIEEMBESERUAI S NAMNAE - AR FAMRER
STSE MR RURIBR 2R B IR - TEMER 2 BB EARHE
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=wac. RF BP Sensor with 24-GHz Radar

+ BP computation algorithm

+ In the equations, 3, b, and BF, are three
calibration factors for an individual subject.

+ Prior to the actual BP measurement, R-
PTT, reference SBP and DBP have to be
acquired by the radar sensor and
ccommercial BP monitor, respectively,

* Once it has been calibrated, the SBP and
DBP can be calculated.

a
2

1 2 b
MBP =< 58P + 08P = T m{;__—prr}

SBP =DBP +

2 b 1 a
ane =81+ sy prr) ~3icer

G
7emac. RF BP Sensor with NFSIL Sensor
« System block diagram
s e ) oo
CSRR sensing oscillalor and
amplitude-based demodulator.
+ CSRR is not only trealed as a

frequi element for
oscillator design, but also used to

praximity area.
* Adva
compact size & single sensor
o Wasma T Terg. = itk [ - e . |
Conf (APAC], Singagcre, Dec. 3019, o 39331 38

L EMEIRMABENRR - TAER
TE-IEFMIIRER - LI24 GHz NEESR A
(radar transceiver IC ) A0y » &Y :BEIE5A
KENBE @ 8 YHERAKER A (frequency
synthesizer IC) £2 78 & 8 )% 25 (loop filter) * H
REMEANESEERTH > FAEFHEIRESR
HEEBEAN R 3ES A FALLLRAEFEHAIIE
F— R Ak R# (patch) ZREE 5T~ BUWUR BT HY
BE 2 MR AIESE QA9 B A B IE 2
(' micro-controller, MCU ) 41T 48 b 8 {7 &5 2
BERIIBRETHAGERER - &% LAEARK
EEEAEN RPTTRAAR  BEAREH
BROANAI L - EITRERVAAETE - BIAIES
#a/&# ( Systolic Blood Pressure, SBP ) Ei£F ok &
( Diastolic Blood Pressure, DBP ) A& Y Bz &
BE - AEREHILRRTE LA SBP « DBP £
MEBERMRMBTEL - HRZSHENET7 29
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=wac. RF BP Sensor with NFSIL Sensor

+ BP computation algorithm
a + Substitute the R-PTT and reference SBP and
SBF = DEP + (]
R-pITt DBP into (1) and (2) to delermine the
1 2 2 b calibration faciors a and b, respectively.
MR = 353P 4+ 50BP = ot (o) (2) + Find DBP, and SBP, using (3) and (4),
respectively, with a, b, and R-PTT oblained in
Steps 2 and 3.

- el e e
=) TEeFrE @+ Extract the new R-PTT from the wrist pulse
waveform, and calculate the DBP,, and SEP,.
using (3) and (4), respectively, with the known

2 b 2 @
SBP, =SB, + | =—e| + o]
- BT TR (3-?;7] IR-FTTE calibration faclars, a, b. SBP;, and DBR,,

. Tumg ToL Tuang and €2 W,
2ulse samste” MUK T, Microrm: Thaory Techn., vel 64, 1m0, 11, o5, S855-3874, Now. 2020,

fEZAKRAE - BMBRSAFERETT 95% FEIEME
Ao WRIBNEHAEBRY/) - BRFER—
ER e E R 208 R-PTT -
FIRBRAIERAZEANFSIL 324 - IR
M ESHER - BEEZEH EMARRLR:S
( Complementary Split-Ring Resonator, CSRR )
AR ARHITNEE - REBRZE#F CSRR B RF K
fasRat iRERS  WEDAFH - HLRIRES A HEAR
HED A REEREREN - BARMIREAL
Es o IRRRAEAREAERAENG - REX
A B  BIAMEBIOR AN SE - LA BB R
EFWERSHAH MCU 8L E A B AR
5 BREASBMETRESERE - BN CSRR
B tiRes - BESEMMNES RS - ERME
B4 (perturbation theory) » EF B IKREEHAT -
15| B HIREFBIHE U MEBE AN BEBN
£ FHRHIEREIRWER L - BREIEELSRBEE
BINRAEMA - MILALREEMIEAZIRZSE
AHELLAR AT IR AR E NS - AiRkEes
B o BA M B SR R R IE A R - Bl
Al B g e e iR Ea AN 5% » LB NFSIL Y% /0

=mac. BP Estimation with ML Technique
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+ Measured results

+ Subject: 31 aged from 20 to 30
+ Training madek:

=t
= 5
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1. CW, FMCW, 5IL rad.

2008-2017 Active companents
(PC8, Gaks, CMOS)

T T T T T T T

2. microfluidic sensors

ars

* On-site quantitative

B 5 R 64 BE 3 BEAOARY

T T > year
2006 2008 2010 2012 2014 2016 2018 2020 2022
W KT F I R AR
TEMIAC. Motivation

point-of-care microfluidic assay for SARS-CoV-2

Y mcmswmgsu_}mmw

.ﬁ Ao Y asre

on-site coronavirus disease 19 serologic

SARS-CoV-2 #ri] 5 #f

Lee, J.H.; Bae, PK.; Kim, H,; Song, Y.; ¥i,

S¥.; Kwen, |; Sea, 1.-5.; Lee, 1-M,; 1o, H-5.; Park, 5.M.; et al. A rapid quantitative
al test. Biosens. Bioelectron. 2021, 191, 113406,
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FLL Microfluidic Sensor

= Sensor system verification

frequency demodulator

C.-H, Tseng and C.-Y. Yang, “Novel microwave frequency-locked-loop-based sensor for complex permittivity measurement of liquid

selutions,” IEEE Trans. Microw, Theory Techn,, vol, 70, no. 10, pp. 4556-4565, Oct, 2022,

HEHRIRBERUANRE —
BEMRASERT ISR SRR

1 1S4 4RI I8 2 GHABUR

B R
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* Oscillator-based dielectric sensor

elay bine
power i
e e o0
sensing Ll small VRO S,
oxcillstor &
eferene o |

delay !
hin¢ -
power
divider &
=
é'
b
reference
L3

=mac. Qscillator-Based Microfluidic Sensor

‘sensing ossillalor

Trequency demodulator

VASHR IR % 5% 4 Kt =
TRFLBE A B A7 HORR R 3

Techn., submitted for publication.

C.-H. Tseng, C.-H. Pai, and H.-C. Chang, "A new microwave oscillator-based microfluldic dielectric sensor,” IEEE Trans, Microw, Theory
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FLL) EYSTSEM0MEE RO 28 - FLL ORI 28 7E 5148
HomES ORI R = EThEE R AR RN AR
WELARRBERG L - ZERASRREES BT
#x % 2% (Voltage-Controlled Oscillator, VCO ) °
#Z VCO # H S48 - WA I B Th = 7 Bl 88
DB RER AR © 28 {BTh R DAL i — RS2
SERLE Z—HRECRKEBRERE - 58
RS S IR EMBOR SRR - BEARE
R LB R B AR AT MU - A BEDRENSE 0
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Multi-Layered Proximity Probe-Fed
E-Shaped Patch Antenna Array
for Terahertz Imaging System
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A BESEIB Y FE A AT LU 2L R B B Bk AR A 1
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(feeding network ) E2F ik (shielding) A 82 %
RRETTZ BB E o &~ Y ARAIALFERE -
BERZEBEPTERT TR (Shih-Yuan Chen)
FTIs B E A B R El (Hsin-Jung Yang) #&
T TERARRIERKGREE (rational thin-
plate spline interpolation ) =z < f& 5 )X 7= 2= Hr 455

(Sub-Nyquist) = MUK VR 0 KT EUNEIH
L MRS B EM RS R_ELERRE
HEME - BHBR&EEAE (thin-plate spline
interpolation ) HY B #AEREE SN AR LRS-
AL EAEUSE ERET ¥ MREZEENEME
BRI —SREEELE] 7 £ - R T HERT&EN
Bt WREEERFSR/ITEEE (minimum
bending energy ) MRS © EEMNBREEZH K —
MR AERRRE - ATLIAIREM BRI EITH
8 INEHRYBNSSEES  TERRENR
HEBENECZEUSNEE - Rt B BRI
AT DUEEE AR 14 FERS % (linear shift invariance )
RMETHIRAIRE (pole) - BUERE A RS
HERMPBIKNAEKER - wmUREGEE T
MEEEnESENEEKA (compressed
sensing ) SNEMERBEET EZER

B R B EL AT
BHETBERIEREMEESLE @ AIFE
FERIHATRY B - ERISFFZ AR O BERELI NS
Bienikr  RIKRE2HAEKMBEREEAR
MEEBIA - BEERR) - EABEHESE
MENFESEARNEE - BRMMAHRREERE
FEEHRIBAIR— & IR BIOREI IR
- BEETERENZBEBNHR - NER
SN ERSGRRAIIR  #A UEEPIRYRE R
A 2 FRES HH B PY37E SRI T ST B HE RO B,
REEBEMPTDINEARGNEETHHNE
BHEE RSB LB ELRIRE - ERZLIN
HESER = A2 m EEMA R EYE - EHE
RZANARL BN ERE LIRS H AN FTERNS
MRPTRATNBEELS - BEEHLEEZER
MERNEMARAM T2 NG ZEEARKE—EY
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( Reconfigurable Intelligent Surface, RIS)
HEARTEIEM (5G) BELIME - 485E

HIFI IR F B = RKIE L AUSEER - AT = 4R/

HEERERCEREERRES  Albsigan

IR AE RS B S RAR R M 5 (BRI

FERBECHBEAEEELHARENZEKKIR
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MmEKR %% K49 Yuanzhi Liu 45 & 3 X ¢
“Propagation Modeling for RIS-Enabled Channels Based
on Ray-Tracing and the Equivalence Principle”

=B - ALt RIS BUSMIRE @ ERERAZEAIE MM
REIBER - B XE R 5T [E75) (Reflective
Array, RA) BVMEAL - (KIER B RIARAIER
REVERET ~ T8 ~ BASHERESheE
DIgeBEBEMNTE  BABMRE  E268
REIR MIMO ZFEHAT ©

RIS B2& 4t RA » RAMIAREIER RIS AT LY
BN IR IR IR IH AN ML SO 8 5 B ST AR i - B3R
FTEM R M - 72 RIS RE IR &L T
frh o BERNERS - R ZME (varactor) »
B A0 IR — [ B2 (PIN diode) #0748 % & K Y
RF 53 (20 VO,) % - M RIS B2 Ethuk (base
station) B EEVEE RIS BEHEEZEN
MNEEN  HRISEEEIRKIRENELAE
A% HRBEBERERBRNARMAERTEE -
EEEFELERAP  BX2ER - MBREE
R o HIE A R RIS 2 — 18l i 12 B FZ HR A # B
fir > WRBE—EETREBNATE -

FRY RIS NIEESRAARETSN - ERANE A
LR RIS PAEMELBE L « RAARE
FE -~ BRRBNEASHEIRNRLKERIFTR -
REHMN RIS HEAMERERNEXAISEERMH -

AMEE DB RNABIAFNL —L RIS
EFRAIPRE o a0 E Mtk BTV SE R R TEE
SR - EREERERMEEIEE KBNS A 8L
REERENER  FIHEMRNSEES
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RIS T AIRIBNBUNEMA - HERRNM4
ARG BB A PRE - EER A RISEARE
A SERARIFTS R ARIVRE -
BB R AR
BRI ARER R TR R -
BRARGREAERTAER R - SEIRESRES
R ED RIS B 4% (printed circuit board ) ~ & &1 B
# 2 (laser direct structuring) 3¢ AJ#£14 PCB
(flexure circuit board ) = © {518 & M ERGT
AR KRB NERNAY  BHRARESAR
RAVZERE » [FIRFERRARMBENES - Rt RAR
NZR R EEBE B EFERINRTARR
@ BREEAFH - BEEIR (AR) BRERIER
EEBEFHRS -
ZRRBNEEMRELBEHEE - S
% (ITO)~ | {tias¥ (AZO) 4% IR B AR M 4
(AgHT) %5 - & ITO ~ AZO £& AgHT %72
AR SBEEASNER  BREERENS
BEHFTERE At ABRITRNEIRT
N MAEREBEEMNERERRAZITRERT SBEH
BN EBIREEMTT » AT RME R TR Y
pAR Mo MR FE 5 MME R 2 B AR RIET
M (FSS) %38 o
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An Optically Transparent

Antenna on Gla
; sses for 2.
WiFi

AGH?

F A Meta %9 Yasuo Morimoto £ A FF & €5 &
H W REHTS ¢ “An Optically Transparent Antenna
on Glasses for 2.4 GHz WiFi” °
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“Examinations and Modeling of Metal Mesh Surfaces
for Antenna-on-Display ( AoD ) Technology  °

ARAAEGEDHET7TERE Meta @~ B2
E B RipThE P O REEK - BRAE
AR ARZEK Y KA KERK Y EET SR
o RIS EZRANEIEE -

B NS 4R S 2423 Dr. Howard Liu BIfE &
EEMWIEEL  BRRENRSTEEDRELE
B~ RF 451 (FAE ~ BN ) - RHEEASEE
% {EEN=Z BRI A S — BT o
BRI K 2% R R AR SR A B 2R SR IThEE

BRRFHELFREMEKRETA B
EEESIMENAZTEED » FERSIBHE
BRo| NAIHT BAE R M AR ERE B ML - 54
hEEMHXER ATUREREBEALEN
HEt s RRBEAREBNRIH - BRinKSREEE
BANEER > UESHRFNERELE AN
TEE - EERRMXE" FBERBERET]
RFBAGEBWEE - HMASIARBRIEE (Gap
waveguide ) PR EEAAEE » AT ARIE BRI
RIEHNARERE - CAEENR  FEMR
A2 ELEESR A U. Zaman ZiF 4
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Beam Radiation

oWt L1, i Toemg O

1] Mational Tabwien Uinbverty. o . St 4, Rurgreet Taipei, Tawan

! e &
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“Conformal Slot Antenna Array Fed by Metal Gap
Waveguide/Cavity for Multi-Beam Radiation”

iR - FHERY RENMSSFEARERBRMRM
FErEE  RKXEISMH AH T FTRVERLZAIL
Sy HEBEEBIEEG —EXRBHENE
1S RPTREIBIRTY 5T AR ©

KEHAEE B
KEMER : Yahya Rahmat-Samii 1%

AP-S B9 RENERTL 2023 G N\ S MU{EFA »
4 F#55 %K B UCLA B9 Rahmat-Samii # %
R WEXAGHHEKEMRHEBTRIKS -
—/N\RFNEBRETMEENER - ERE
H % (Genetic Algorithm) ~ 1 ¥ B & £ 1k
( Particle Swarm Optimization ) B4 Y4 HRE
{t (Biological Survival Optimizer) Z {54 (bio-
inspired ) J& & A 7£ & ;B 15 1Y FE F§ - Rahmat-
Samii AT E RN LR e EE R - a9t
REKOBEREEEMTRRTFERLER - H
Bx X 2002 - 7E AP-S HR 2 sk i 5w 3 “Particle
Swarm, Genetic Algorithm, and Their Hybrids:
Optimization of a Profiled Corrugated Horn
Antenna” ;2 AP-S TE Z T F RS X EF I
X AARESMEEN - S5OmASHEESRE
BEzBEN&EMTEE  tBEX 4 Rahmat-
Samii ZIXIATTECR o T RAREBAREFH
ZEEA - FEBERERERAS BB
ANASERIVEET TR — °
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K AfizR © Yahya Rahmat-Samii 4%

ERBhERE
(Trends for Future Wireless Communications

Devices and how to Design, Manufacture and
Measure them — An Industry Perspective )
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MR RERSERBEFEFEFREIR

AU RGE MR AVERE - BRI ELE
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REZENEBNESE - MERSTBUERR
2E REMTHREREERERBENFE
IR E - AEARE - EHE » FBEMOSH
THNES  ERAXRMESFRAZAERNN

ERARARIET 0 RA A ERREE R IR R IR o
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1. Hsi-Tseng Chou, et al., “Examinations and
Modeling of Metal Mesh Surfaces for Antenna-on-
Display (AoD) Technology”

2. Irene Wei Huang, et al., “Transparent Uniplanar
Circular Polarized Antenna;” Yasuo Morimoto,
et al., “An Optically Transparent Antenna on
Glasses for 2.4 GHz WiFi” Calvin Chun Hin Ng,
et al., “Optically Transparent Antenna on Glass
Lens for AR Applications”

3. Muhammad Nawaz Abbasi, et al., “Transparent
MIMO Antenna for Closely Spaced Antenna
Elements”

4. Nur Biha Mohamed Nafis, et al., “Effect of Array
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Mosaic Frequency Selective Surface”
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Display (AoD) Technology”

6. Da-Wei Li, Hsi-Tseng Chou, “Conformal Slot
Antenna Array Fed by Metal Gap Waveguide/
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(3) Diffusive scattering application;
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(@) Schematic of the MIWs waveguide using time-modulated metamaterial. (b) Transmission of the waveguide with
time modulation at 554 kHz and amplitude 400 mV. (c) Transmissions as a function of the modulated amplitude.
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Advantage and Problem of IRS _ ﬁ\

= Promising alternative to phased array antennas

= Promising reduction in cost, weight and power consumption,
no need for phase shifters or expensive transceiver modules

= Used devices for IRS

= Pin-diode
= MEMS (continuous phase , but expensive)

= Liguid Crystals (continuous phase, but reflection loss, agility )
Common problem of IRS

» Cmn reduction due 1o phase guantization and reflection loss
Desired characteristics for LC-IRS

= Phase change = 360 degree for wide angle beam scanning

= Low loss, high agility

A ARRILK SR 58k RIS Z3teg & mE 2

Developed 1-D LC-IRS for 40 GHz band {3"?1

Unit cell

;\ |
] as line
3-dipole Rl
v Operating freq.: 40 GHz be Pt 5 mm
v LC-IRS for 1-D beam scanning in E-plane 1% 11 elements

AR RI6 K0 FF R - 48 RS BB RIS -
[ & HE R 42

Cazinton g Beam-steering Examples (2)
1. Single b unifarm T | T - ¥ T
= Amplitude is uniformly changed 1o achieve max, - S '
3dB, -10dB, and min reflection \‘ﬁ

* Wrapped displacerment grodeent sets phase gradwn -
for beam-steering. .. Sawtooth profie resuls

= Beam-steering up 1o 50° performed, SLL > 1048 § =
for B, = 40 g
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PERABRHENSE S BRATE O 7 ey XA
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BT P ) 0l RIS - k4 4169 RIS 78 KA % 7
g o B & % H robust @ M Ak EE & RE
BEM Sk~ H RIS 89258 K & H 45 1Mb o
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XXXVth URSI General Assembly and Scientific Symposium
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B e

[s. Timsconstans—_— — _____——— —]
LR LA

ran

g —

4RI E RS RIS A% 0 H unit cell & rectifier
HAZ BREERERE HAETEKLHRIS
FIRERE RO L EARN  EEGAMT  ER
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RIS ; & Mkfrfz ey ST R - HAERAA
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Experimental Setup

Wirehess Integrated system laboratory 12
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