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Analysis of Aortic Valve Opening and Closure Using Cardiac Signals Acquired by
Non-Contact FMCW Radar
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Abstract - ® A3 FMCW dlolg 7]wk g & Auk A3
oA diE@d AE(AO) ¥ HMAC) 7144 oIHES beat T
9] BA 7F5AE gastgdth. ECG, SCG 2 FMCW #eolg Al
TE 600% ok FAldl F58a, ECG R-peak 7|=o2 Al
NE7h B% g 3EE 84870 beatE #4189tk SCG fiducial
point A% ZAIZE reference® AF&38e] Radar AO/AC AHE&
v A7 Radar AOE SCG A0S 24 A/ d 2XE 1Y
1, Radar AC= AORTH 2 Adl AA Aol¢} HE B¥E Y
ety CTI ¥ W2 A% Radar PEP, LVET % QS27}
SCGEY ZA AEHA ol E& FMCW #ojt A zolA
AO/AC oWIEE F93 beat 9 T2 #& = o on
oMEN AF B¥ EAo] thEA YEdS Ak

1. M 2
Autes A8d AEHE Frlste 712 AxEA g e
Ftogs A £ 9 Fu L5373 22 JAH oWEE
stelaty] ojdt. s @A 7)W(Aortic Valve Opening, AO)
7 #H 2 (Aortic Valve Closure, AC)E FHAIA F27)d4 %

o] dExn  BIE T8 oWEH AFIAZL
(Pre-Ejection Period, PEP), #4]4d wZ&A|7HLeft Ventricular
Ejection Time, LVET), % A7|71A3d  $3FA]7Htotal
electromechanical systolic interval, QS2) % A% A7+ 713
(Cardiac Time Interval, CTI) #4jd] &&=t} [1][2]

F9 Wz AL 9 (Frequency Modulated Continuous Wave,
FMCW) deoltie= 4 "A 249S HgF5ez 348 F
o] THE-AY BUHY &5 9ed[3], 44 HA &
A 7k VA BF B4 TbeAE BRI drhld] ey
gojt] Aut Aol AO/AC o|HIEE beat ©H 2 £43},
SCG reference$} W3k o4+ |34 o},

B AFfo A= A A E(Electrocardiogram, ECG) R-peak 715+
A A = (Seismocardiography, SCG) % Radar beat® A HA3},
SCG AO/AC reference®t Radar AO/AC A& S H|as] FMCW
gojy AzeA 7AA oHEY #7F teAdES BAH
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<a¥ 1>& ECG, SCG ¥ FMCW d#old 7]k AO/AC A&

A Ala"e]l Ax FA4E& YEehdt AJAE2 Signal
Acquisition, SCG AO/AC Reference Timing Generation,
AO/AC Timing Analysis, Output ©AIZ FAHT. ECGS
SCGE Radar AO/AC A1 EAE 93 A4E 7]& 9 v
reference® AF&3 01 Radar A5 AO/AC A7 €42 9
3 B4 g N2 AR

2.1.1 Signal Acquisition
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<18 2> Simultaneous ECG/SCG/Radar acquisition

<a¥ 2> ECG, SCG ¥ Radar A59 FA 5 dol
T 27-3Rx 719 ¥ & yedt x5 A3 H5 AL
(s), y=2 Z} AaE A8t z-score #olth & AGolxE
94d HgAE gdeR 600% F¢ ECG, SCG ¥ FMCW
Radar 2125 100 Hz 7122 FAld #H53d. ECG Azl
A ZF 600% dlolEldl A 8537¢] ECG R-peak’} #AZE3HH, o]
% ECG-SCG-Radar 2157} 2% th$HE 8487) beatE: HE
B0 AF&3tth ECG R-peak® ECG 38 o)x WZEo] =1
Azo] W RE SCGY Radar A5E 5Y AH F7]0A
v a7 93 AE 7]Fo 7 A3t ECG Alie &5 &
Lead I €elZ #5829, RARight Arm) A& 2 &%
& LA(Left Arm) A=52 9% &5 LL(Left Leg) A=<
W2 3o FAsc Y ECG AYE ofdga TEREQC=
J2olA A FF% 42 e 7 STM32 7|9k ADCE #
sta, AAE F R-peakE A& SCG ANTE FH T2
zZ 6% IMU AM=Z F53H, Radar AO/AC Al 43} H|u3
913 reference AtEol| AR},

Radar A%+ BGT60TRISC FMCW dloltl & & xt9 Fi4-
AW Y% < 04 m Aol wxste] HHFoz HS5H d
ot % WIOE chip ANTE $A8, F9 WA £24
o 93] MxHol FAE WAL 25 E frame BHE A3
raw datat™ range FFTE 53 Ag 2o wWilsta, #4d
4 (Region of Interest, RODS ©%3t}. ROIC phase W 3}ol A
T HA WY A5 E FE53, LMS ¥HE 35 42 A
Attt JEH Radar beatoll Al AO/AC &4 F+3+& A3t}
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2.1.2 SCG Reference Generation

SCG AO/AC reference A& A3 SCG fiducial point &
AgelA Add Ws Fustel AEdch[1][2] A0 AO
peak detections ©]&3ti, ACE S1/S2 anchor 71%F SCG
fiducial point extractions ©]&¢t}, SCG A&+ Radar
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AO/AC AR 9] HlaL 7]F o2 AR-ght,
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HE oulgth QS2& ECG Q AR i,5H ACS A A, 749
Aoz, A71E &4 ARFH dedd A F A7)
A FEATE gt 4 Axe 4 17 3)F 2o
AR,
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2.1.3 AO/AC Timing Analysis
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<a1® 3>& A9 ECG, SCG 3 Radar beatoﬂ/‘i AO/AC
ARE FAstE B4 dAE L}E}PHD}. x%& ECG R-peak®
e Ad ATKs), yH AitstE z-score #kolt). Al
ALL Q MC, IM %5 %7| fiducial point, WIFMe ECG
R-peak, Z#H-E& A, FHME AC, 2542 T & MO%
28 &7 fiducial pointE & m g}

R-peak ©]%9] beat F& & %7] % 1% 37 3% F
o2 o] AIFE gA%L A0 B4 F2 R 5
70-160 ms, AC B4 7+ 250-520 ms= A A3 AOE
27] §%7] oME, ACE F7] #%7] oMER 7145d &
A A E At 7 F7ke] A= Radar beatd ‘335115”4 t“
315 o] &3te] AFE &S AOT 45 7€), 4

& Wg 2 XM YA E gAsta, ACy o+ 7137] 5?
& HEH, %’3‘ EA 2 3E 3R gAagit b A de 2l
T AeE Fogta, ol F@3tel HF Radar AO/AC RS
Aoty % Radar AO/AC A2 SCG AO/AC references}
12 d$AA vuget Ao A" AFol= Radar AlHIA
SCG AHS W gtoz Aosttl Radar Al@ol A AO/AC o]l
EJ} beat T = #F 7HedA E4 3t
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Relative timing difference[ms]
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Radar AO - SCG AO Radar AC - SCG AC

<18l 4> Radar vs SCG AO/AC relative timing

<Y 4>% Radar®} SCG reference 7+ Ath AlA zfol &
boxplote. 2 YERH ZAifolt}, x%2 Radar AO-SCG A0 ¥
Radar AC-SCG AC, y%< Radar A& l4 SCG reference Al
Ae W A AE Zol(ms)E o rl g, 84871 oS- beat 4]

A3, Radar AO-SCG A0+ it -303 ms, =47 -3.25 ms
2 0 msol &H 8l Radar AC-SCG ACE ¥ 69.76 ms, ¥

%7k 8838 mso AUl AA Aol EHEom, AORT HE
EE YERT
<E 1> Mean CTI comparison
CTI | SCG B ¥ [ms] |Radar ¥ & [ms]| 2¢] [ms]
PEP 1124 147.3 +34.9
LVET 281.3 309.8 +22.5
QS2 399.7 457.1 +57.4

<HE 1> 84870 WS beatdl] A SCG 2 Radar AO/AC A&
S A (D7 Q) ALt A& CTI Hr wa Adbolt)
AR AE BN A BrE )k Al BAS Hggong
pz|

Bighe 2574 d92 AP Aol= Radar Firell Al SCG
His W groz Aot SCGY PEP, LVET ¥ QS2& 7t

7} 1124 ms, 287.3 ms, 3997 msE A& o Radar«] PEP,
LVET ¥ QS2& 247 1473 ms, 309.8 ms, 457.1 msZ EFSE
t}. Radar CTI #<2 SCGHUY 247 349 ms, 225 ms, 574 ms
AA e
3.4 E

E AJq = FMCW Radar AlsolA AO/AC oWIE
< beat @Y Z EA45t1, °]E SCG reference$}t M1 3]
N i beat 3”‘—1 Z—iﬂr Radar AO/AC A AL AEH
beat ©9] A FTxoA AEHAU oW, SCG referenceS’Jr 1:1H
17} 7Fs Tk Radar AOE SCG AOS WA 43k T4 A
A EXE BYoy Radar ACE AO°| w& o & Ad AH
Z}o] e B¥E Jehyly. o] Radar A3olA AO/AC
oMEV} BT #E bR T oo|HETL Holr g A
A= T’/}~ gegty 5402 Yeid § S 9r g

CTI #HyF ¥ x| M= Radar®t SCG reference 7+ AlA 2}o]
7b AIZE kA A xe] ghedgS et Radar PEP, LVET %
QS2+= SCGHTH fUﬂ bt} le_ Radar AO/AC Al# 9]
SCG referencedt 598 A HAZHAE AW 53t
beat ©¢] T-Zol A PEP, LVET, QS29} & A7 714 A E=
v 7bEers BoFEd kA FMCW Radar 719 AO/AC
AL e At A4S do], A 71 olWES] A
*Vég_ 0% WAog #Ats gg_ }\]A]-E‘i_h:]-

S AT A e vkt I 2 AW ZA0A Ho]E Al
= 35%%’3}3, Radar beat®] 33315”* 548 gxse Rds
&35t AO/AC NA #HE AHsS 7Hﬁ3}14 gho}, g
SCG¥ut oY} echocardiography, ICG, PCG 5 =%z 7]
T A3 vlaste] A g O] il E ¢} 9] 04%“33 Az,
2+5-SDV B A A AAANE BYUEZ 2 o)) A 7
Az &4 7S gelstuzrl gl
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