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[ Abstract ] Vital signs monitoring is essential to good health. Non-contact vital signs monitoring systems based
on millimeter-wave radar offer a solution to the inconveniences associated with contact-based monitoring while ensuring
precision and enhancing comfort. It holds significant practical value in the field of medical and healthcare monitoring.
Beginning with an introduction to the detection principles and medical applications of millimeter-wave radar, this article
briefly elaborates on the functional modules, technical parameters, and vital signs that can be monitored by millimeter-
wave radar systems. Then, it compares commonly used commercial radar chips in literature, with a special emphasis on
discussion of the key algorithms in each signal processing stage of millimeter-wave radar systems. Finally, it summarizes
the advantages and disadvantages of millimeter wave radar technology in non-contact vital signs monitoring, and presents

prospects for its future development.
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Fig.1 Block diagram of the FMCW radar system
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Fig.3 FMCW radar signal pre-processing procedure
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Tab.1 Summary of vital signs monitoring using millimeter-wave radar
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Fig.5 Utilization rate of commercial millimeter-wave radar chips
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Tab.2 Comparison of the performance parameters of
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Tab.3 Radar acquisition parameters
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Tab.4 Comparison of the performance of object detection and localization algorithms
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F1#ME B Ttoh 5 J& % Unwrap 75 125 TN 578 3%
DACM 44 arctan pRELEE A8 S S 82 5, 750
FRURACE R st AR AL B AR SR
FEARAE 2243 T 4 55 A7 3RS B2 Wen 25 PR
FHEHE ) 385 38 LA ( Modified Differentiate and
Cross-Multiply, MDACM ) 5% 8 & A~ Hedafl i 26 4
fif I

DI JURPARA SRS R E R PERERT LEANER 5 P o

®5 HAMRESERMREIL

Tab.5 Comparison of the performance of phase unwrapping algorithms

HEAAFR HNBE R/ i TZAT ]
Arctan+Unwrap 1200 (96.8 £12) us
DACM 1200 4.41ms % 38.41s
MDACM 1200 2.84ms + 23.1ps'

33 EENBE5EEEE

ML G FEEMT ., OBk S AKFbLZ
HEI. 55908 5 ERR LA TR RN ES
I3 B A AR (5 S 5 0B ME S, IR TR
ME s, X PR AME S A R R
%%, FEHTHY

FESCIR N, EEEEANIEN . KRS I8N
I I8 N R AR B, oo AR B SR e v
BF- R IR S, P R AR A
KRG R A BR A B v 7 ( Finite Impulse
Response, FIR) il i, 70255 HA R L
BRAE5 o XU B 43 R 4 By AN 8 [ B ARRA T IR

DRI BT S.0BME S . ks B et T —
A4 YIS R TR B8 s FH THEEFR 55, £
FFRC PR 12 MR TR 8, 15 A 3 Ay
RELAEG LE A5 J5 AR BIRF IS, (AR 20 Ao Bk S
SRR, WA Y R E/ MY (Least Mean
Square, LMS ) [k 0 155 U5 i B 550 325 ok 41 o 2 2
EF5 s T, T LMS AENIEN, &
SC PSR R SIGH B TR L TR URE 338 JE /N R

( Recursive Least Squares, RLS) [ i& I € I ok
T PR . AR S PO R T — R 3
TR0 B A 0 e MR TS BT vk, FEERHE S
WFRAE 5 Ve S 55 MR GG 5 5 4 A 38 N 8
7%, 4 {5 M ( Signal-to-Noise Ratio, SNR)
/N E S

/N A A Bk AT DA v R AR B AR

( Short-Time Fourier Transform, STFT) A € [q] Bt
LA SRS R A m R R ) ), ik,
Al R Coiflet /INifl 5 [\ i) K Bl 15 5 43 85 3 I
WALk ES B 28 /N ( Empirical Wave-
let Transform, EWT ) ¥ 2 K 82 25 43 f#% ( Empirical
Mode Decomposition, EMD ) 5/ A8 i ffizh &,
MR 3G M 54y WK, Ling 25 Y Jo i & B [
WueP 4% ( Adaptive Notch Filter, ANF) #Ef755—
WU, DAINEIREOE e, P EWT 4385 0
HAEE . PSP TR H R-EWT (Ro-
bust Empirical Wavelet Transform )5 F-EWT( Fourier-
Based Empirical Wavelet Transform ) #4 i i) — & £
55 /N A8 e ( Binary Empirical Wavelet Transform,
BiEWT ) 5.3, SIASCIZ ML LIZE L T &
Fa O Bk(E S o XF H EWT S3E A/ RS ( Wavelet
Noise Reduction, WNR ) &, BIEWT B.3E1) SNR
A e Ft.

RS E LT, TEALREENS

( Empirical Mode Decomposition, EMD ) . % h{,
LR 41f#% ( Ensemble Empirical Mode Decom-
position, EEMD ) Fl1 48 3 8% 2% 43 f# ( Variational
Mode Decomposition, VMD ) 25589k, i A
SKHIT H 38 R 58 A R S A AR 4 (Com-

plete Ensemble Empirical Mode Decomposition with
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Adaptive Noise, CEEMDAN ) &k, 52 M S iy
B RN BE A R, P e B RS 4R UG B S 4y
FOANERL PR %L (Intrinsic Mode Function, IMF ) 43
H . N T CEEMDAN %3 72 A 1 k2 A 43 2 1)
i, AR ICEEMDAN (Improved CEEMDAN )
D5 E 35 N b AR AR T 4R ) IMF J3 B i i )
FH T LKL ( Kullback-Leibler ) H# R VE H45 bR
VMD 53k LLSEER A 38 b S5 Ak, R E o i
[ RENI RS (55 . Xiang 55 " 41 T —Fpikft VMD
JINIE X Ta] [31 580 3% LT B DACM AR 22 B4R I 7
A B ik g e

LYU %5 U SR JH 3T AR 42 v 39 10 4R W i o7
PR OB E S, SEEE O R
TN B ES B S EEZA, HES
PEAT RS E BRI, LA/l | WO S X
ST, KRBT R PO RIR2E 5
JEAF B TR 5 B A, JEmTEE Hh—Fh LT i (A
F (LR 38 A L A O R Sl PR Bk o T el At
ICEEMDAN 535 2 B I 5 45, 4 VMD 537k
PREUDRES . e IR [, s —M T2 mit
PIA ALK | IE N A R A, KR s 5
SHOMES T E.

VEI S G I BRSO 2, (A 2 AR
B it el B i S5 T IR A AEFE R G | M
DASZHS W AR Bl pst o ARG TP R 0%, LU
B MR R M T 2325 M7 HRV M
D EEXRHE 5 B BRI b, o] S A
JESRRERRER T — . HRTERNESE
ey, HARXT EEMD 5 VMD g5k, 7EH
PSS A R R A RTEE T, BEd . Nk
ARG SRS A3 kT T AR R IR A5 5 R R
LB E S, LRI R I JFASCR A R R 2%
PF RS TESCBRR T, LIRS R BT HuxT
R NN S R} L T AN i ol R Tk VA TS
5% 30 3 YRS TR A 3R 1 A R 5 A A W S A A S
WA, W72z TINES B ST aeaig
5T AR B 3 mT LA o TRA KRR S (E
Fh Bt

VA EAR S0 B S A ARAVERERT LN 6 i
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Tab.6 Comparison of the performance of signal separation and recon-
struction algorithms

ot . LIPS NS
T AR e BT
i/
4 B CAFRT IR
o 1200 (317+264) ps
IS 3
4 YT TR TIR
o 1200 (161+8.92) ps
i :
PP LMS HIEREY
BB RIETEE 1200 3.76ms + 61.2p1s
i
RLS Hidi Wi
RN 1200 13.2ms  221ps
s
RoRZuENAT 1200 (494+28.6) pus
EWT 1200 (43.8+445) ps
NS
X WNR 1200 (215+27.9) ps
Hk "
BiEWT 1200 (179+5.04) ps
EMD 1200 36.2ms + 933pus
KA EEMD 1200 4.51s + 60.6ms
RS CEEMDAN 1200 8.34s = 123ms
VMD 1200 (102+1.65) ms

3.4 HBAMEESHETEE
341 FEIRGBREITTEE

A3 3053 AT o T SR 0 A 0 £ B P i R
O H T B RRELZ 305 T fEFE, 7ENTF
W SO BRI N R R R 2, R, T
WA A5 0 g I 0 300 R A SR 22 K (H AT LU
I Sl ] B 8 vk 5 HCAth Jy v 45 8T AR e A 53
PERE. B TIFWES R —FEEFRGES, 1R
L XE AR A3 A, A AR PR B e e A R A %
{58 . 105 KX H STFT Al H #15¢ ( Auto-Correlation,
AC) SMRMIT . dE—2 b, XIWRaE O $E
T e L v A G R L s R A R SR
TE TR . STFT-AC RER 3 IF IR 2S5 1 e
STFT fili i1 RE, AT S B S s I R A% 55 Ak 3 4
Ak H R FFT-CZT ( Chirp-Z Transform ) 53542
U A TR 5,05 P

FEREAT A, TEFEL BT R L TR
KB Z (554328 ( Simulated Annealing-Mul-
tiple Signal Classification, SA-MUSIC ) , f# B T
MUSIC F3k P 48 R 1 a8, 5o A = R
Root-MUSIC FIESR T % S0 G4 ™
FHF Welch IEFEHCOBME S DR, DI HE A
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RCEXHF S AT IBCE G A A AR
¥ FFT 5 A MO BTSSR S5 R
gy AL THE M, Ling 25 ™ 5 5 EWT 203 4015 0
W Co BRI, P T IR 2R LA o I 5 O Bk T
TEIIITE ,  DATITAA 72 T3 5.0 %, ESPRIT 3%
RERE M {55 T2 AME BORIEBRE SR E T4, 3K
P R R HER, IIAGTOHE W, TR
TEAG TR, AgsAg B B R FH R R AR AT AR A

( Regional Hidden Markov Model, RHMM ) R[#1I
B,

TE HRV ( Heart Rate Variability, [> R4 514 )

A, Sakamoto 5§ " i i 60GHz 75 A RAE(H

53t 5 ECG ( Electrocardiogram, [>H &) #4715
fIRAR H 425 Gouveia 55 ™ NI 7E 5.8GHz F ik 2R
RLS H# W g LUS AT ek L0k E 5, IF5 ECG
HEA TR LU X, Bor ik 22 oK 5 7 3R T i HRV 1Y AT fig
P LYU % U R BEA LR A 4R B0 Bk E 5
It 3s NP 2270 R PEAG R 8] HRV, - Al-Masri
0 RV R A A S R T (LA P 2
( Association for the Advancement of Medical Instru-
mentation, AAMI) B FE5HT HRV, {Hi% )51k
b WD B0 R 6 HRV #E47 4328, IR St i
HRV [#UERIZ40 (40 IBI. R-R [R5 ) .
IR B TSR M REXT L AN ER 7 R

x7 MRS OBREHTEEMRE L

Tab.7 Comparison of the performance of breathing and heartbeat estimation algorithms

Sl e o ] P DA e
STFT 1200 (244%32.2) ps — —
ISR S 0T AC 1200 (198£18.6) us — —
Ak STFT+AC — — — >95%L
FFT-CZT 1200 (154=1.19) ms <0.67BPM™ <4.67BPM™"
(BiEWT ) +Welch — — — 1.81%* MAPE f8t5
Wbk SA-MUSIC — — <100%*" <100%*" WERG =R SNR 251k
ESPRIT — — — 2.929%* MAPE $8#5
3.42 EEMEEITEE sion /Abdominal Compartment Syndrome, & JI &

Buxi 45 " SR FH 2 K Ik Tk W T Jhk B st

[8] ( Pulse Transit Time, PTT) 5 ik % 21 35 B[]
( Pulse Arrival Time, PAT ) SRANIT#ELE M E, f#

FHEAE [0 K 35 245 S5-I 5 19 PAT #1 PTT 5 il &
TN EIEATRCE S, I PAT 5 PTT LA SR 3%
Zeifi, FRARYEE TR0 PAT 5 PTT & i
Rl i, Kim %5 U R 2 oK T 18 W Rz kA B8
FRAT Wk 3 (Pulse Wave Velocity, PWV ) ,
PR (T A ARIE—1k, 1R85 1%
VIR A FRRIE AL B0
343 RAEGHEE

Tang % " 3R F] Pearson 2 55| 5 30 % 0 4 22
W #% ( Pearson Correlation Coefficient-Guided Domain
Adversarial Neural Network, PCG-DANN ) 2% )
WINME T S EE N R Z B SR, fiTE
¥ B I f# F IAH/ACS (Intra-Abdominal Hyperten-

/MERE BB R LR AR ) BRI UE T Ik i3k
THCIBE S ST 1 L e HE A A — i o R 2 ) AR 7
%, Tayebi 55 "7 i ] —F 3L T 2 K U TR A Y BRAS
T5ik¥: (Transient Radar Method, TRM ) fEJiE B
R E TR SE S, SEE A5 R IE T Y
AT
35 ANIEREX

ERISE S A B R A AR b, BB 5% Al
AT ANTAERE SR, £ BiEfih,
Dai % ¥ | F§ YOLO V5s 5 DeepSORT #i 22 [ 2%
HEN NATFBEEIRRIE B TEfE S s S EdH
Erf, Tang % U 7E G P AR F )Y FH PCG-DANN
OSSRl T & A S A A P S
Fo THEPIERORE, KA B IR
K CNN 43t fal g 0 O BRE 5, IR75 HEH
FFHE R, P AS T AR L O Bk R AL Bk



* 670 2025 46

5 SYEFUFESREIR

THE S . {H CNN kit a2 22 5w, AFTF
STEF WL 7R A BAKAE S EUE T E R, W
B PO T 2 R CNN B P T IR AR 2 Rl
MERAE Y e, F2GE T 3 2 — 4G R R
W2, W2 T ER T AR T4, B
2 Softmax H— L RECE IS /025, 42 P g
b Sa =By Rl LRy I MR 3 O B S R AN P, YA 2
AR SR ML ( Support Vector Machine,
SVM ) X BEHREA 1531

4 REEREZE

5 FH 2 K R W A B AE (S 5 B 29 UE S
R—IRATA TR . ZERFI OBk S I
Wb, HORS A BE 0T LAGK I PR ZESR ((+3bpm ) &
ZEOK U TR IR AR R A . AR FE AN =R B AR ST
W T AR YT A N R S . HA, i RE
A AR B S AR RN 5 R oK B TR R
i o SEIAE K B IR W BT R A9 15 S b PR R R
R, N TR RS AW R A,

H 2K B R W A= BRARAEAS S AR R 2
Ibo B, BT KRR IR AR A AR S
M = A7 FLRUEE R 2, 44 R 22 A0 I o 2
LU IMASIE T R . R, BA A S A
PRI R DA JE XTI I 23 1 B8 55 A A E S50
HERRAL TE. (D, ZEXT0RAR S X5 5 T R 2
SR B A BUAGE S EGHEA TIPAN Y, YR EIL L
AR DI A R 8 # R (E5 . [MIRY, e,
WK MR B L2 Bl 2 K B 3k 77 AR 15 B T4
A REE MR BEAh, N TR R oKk
TR A R A AE— S ), DN TR e
YIS B EE AT SE MBI - IR . oK
IR = IR R AR . A KA s,
TR TR R B A ST D F AT R AR (1 fi
NEHE, el 1 T IR IR A R . QAN T8 6
LT R R HAERT K o RS hRFoE s,
FET/INRUGA AR 1) WS- 5 52 58 T BRI, 7T B
SRR s T, AV B AL, TR
SRAERT KA M R BOCE L W . QR IR =K
TEIRTIREN, 0 R T ARAS B = (5 08 b feff 4 25
KL FEIBMES, 1] BeFER SRR S, T

NEAE

TEA JE WIBEFE AR, 2K TR 1K M 0 A AR £
SR IGEL TN . OLUSER S I F R,
TEREPEPERE 5 — RIE 5 AL B 1 2 [A]38 B o
@it 2 A Z 5 HR S 200 7 B EOR G 58
IEEST, SCHUN A H br I 2 2 AR I, 7E
ZAAE TR MR HARIRMIE(R 50 O il
AIEREE, S NRBENLZ 3 HAR A iz s i
R 7 A A 25 X 2 A R Ok M I ) R
(38 R 22 K ISR BT g s HL g . Al
MR RESELREST . BEERRS. O
JR 2 A T 3K M 0 A AR A5 5 F) IO IR P55 TR
JEo YT, SRR IR AT LA IR AR R A2
SERIGUE T, TEMCHERT BT USSR RS W |
SRAEI | O BERES VAL A 57 T B2 T 25 o 107
Mo TS0 AL BAH GRS, BRI S LTS
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