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Fig. 1 Structure diagram of radar system
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Table 2 Frequency bands and wavelengths of different
radars
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A AR WA
HF 3~30 MHz 10~100 m
VHF 30~300 MHz 1~10 m
UHF 300 MHz~1 GHz ~ 30 cm~1 m
LB 1~2 GHz 15~30 cm
S 2~4 GHz 7.5~15 cm
Ci B 4~8 GHz 3.75~7.5 cm
X 8~12 GHz 2.5~3.75 cm
Kui Bt 12~18 GHz 1.67~2.5 cm
KB 18~27 GHz 1.11~1.67 cm
Kalk B 27~40 GHz 0.75~1.11 cm
VI 40~75 GHz 4~7.5 mm
W B 75~110 GHz 2.7~4 mm
Z AP (millimeter wave, mmw)  110~300 GHz 1~2.7 mm
K% (terahertz, THz) 300~1 000 GHz <l mm
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Fig. 2 Schematic diagram of radar ranging
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Fig. 3 Schematic diagram of radar angle measurement
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Fig. 4 Schematic diagram of radar velocity measurement
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FEEAE N B fe BRI sl ep TR kAR
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ARG, RARGAEARFZE NIRRT 13 4205 RE
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ELYEFEEIHUE, FERE SERSI ks T
99.7% HIMERRA, JEIL T IR 2% > AERFIE SR IR
[PGT KRy, WHAEFR RN REE
7 A A O s N AR T IR S AR A
22 A dapfifESREAR M

He A ARAIE W (vital sign monitoring, VSM)
J& RBNHMT 2% L HIBFSE )7 171 Z —, RBNHMT i
T AR o G B KA S S DR IR R, 52
PLXE R L R L R AR S PE (heart rate
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fil X, AR SRy A B RE VAL SR A TR
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TE M I A A B i A B B Ak Sy m T s Py BT
To PRI 50 ARG IR 38 i FMCW 75 3k & 5 26
PEVIGESE , BRI SHE 5 5 SR AE i rh
WE T IR s Bl SR 2238 3200, FAR 467 42 £k
W e R sl (P O R B 1~12 mm/g R 0.2~
0.8 Hz, L>BIEE 0.1~0.5 mm/Jii % 0.8~2 Hz), i
b BB - 22 8 O B HARRRIE T DR BRI S 5 FFLA
HPIE DRI AR o B 5.0, e im0 22
Wan R UL A N e TR (R YR G T SN 3
S HRV S5 280, SR £z fih =X A B 2B i AR
Wy ol

R0 9€ DL B R Wl AT PRS0 R S A% 0, N
Matthews 55 ' U5 32 FMCW By ik sk T
P PRI R0 Bk 5 | R B M R BBl A5, g ar T AR
HE AR . BEERORIEL, AP S AT
52 5T B9 s S B . Sakamoto S5 1 A1 H]
79 GHz UWB £ fii A £ fi i (multiple-input
multiple-output, MIMO) ik R LI T M k&
{Fo 4RI A, S Tt B IEAE 5 RENm R ;
Alizadeh 5§ ' W 7E FLSCRPE IABE hIGHIE T RS 5
Al RS (Hexoskine B BBz sl 750 ) 1Y i 2 4R
FetE (PRI R 94%, 1>% 80%); Han 5 Hong ¥
P W ZARA A FR IR, NIRRT Se ik 15
FELER A, dE—8m TR .

MHATHFR AT F RS . W e
SRR, RN YR =R R, fEZ B
A, E AN AR R B AME T e 5t
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ABSEAEIOT 1), W5 YE R A AE A AAE
K, TR FE AP DI RER HRV R BC Il
ERBIRER IR m AR, FET
RBNHMT 7t A4 # J) BE WAk o A9 7 1 4 )% . Han
A5 7RI LT FMCW F 3K (9 HRV I35,
TR N BE 12 Sl i B YE sR OBk AF S . SRR
P, MHERL GO B E R IT 20 T HRV, SE56 750
Bkl B 4 7 M2 22 (RMSE) 4 14.9 ms, HRV £
B COEIRBHAIEE (MEAN) ., 1EH SRR
#E2 (SDNN). ISR SV ORI 22 (A iR
(RMSSD) )RMSE 43514 3.24 ms.4.91 ms.9.10 ms;
e 45 B8 TN R FH B AR U8 % 2 LA 40 R (time-
varying filtering empirical mode decomposition,
TVF-EMD) 75 I fiff th A% 52 EMD HYRSE TR B 7] i
SRR 5Bk S AR R, JF e E OBk
A5 5 58 JCHRV A&, S HRV 4387 S N 9% 55
RSPEAERAE AT SR ROR T

I 2 S e AAARCo IS RGBT RE R BB R bR 2
—, EIATCIR AR R M, (R AT DG
MEAHDCH AR FRAE PRSI B 424 55, W e 4G
A FH Bk 38 538 55 (8] (pulse transit time, PTT) %%
B LI B S 2F A, B i A8 REY TR AR S A I
754 Geng 5 ' FIH] 77 GHz FMCW i ik [m] i
AR AN TR PRAEAE S, L3 K PTT
(central aortic pulse transit time, caPTT) MifkiiT
I, Weds Fe A ET 5K R R 22 4 B Ch (5.54+
7.62) mmHg. (4.68+6.15) mmHg; Singh %% /i
b 2K FMCW By 35 0 1 1 i 5] PTT 45 21 Bk i
M (pulse wave velocity, PWV), 2456 FHifs
Sk A (area under curve, AUC) Hi AN
ML, 25U RIS T . 5K K RMSE 73
73.33 mmHg. 3.14 mmHg; Vysotskaya 5§ ' JLF
60 GHz FMCW s UL RO Ik, 455 21
ANFFAE 5 R ME S B AP 28 I 26 50 i ., 55 44
ZARH LI WA e . AR RIRZE S (9.2+
8.3) mmHg, (7.7+5.7) mmHg; ZEFE~#% ) fygd
PR B i ARl S 5 WS 2%, Sl ks
W 5HogE g, SCefg i & . &7k i 2
9k (3.49+5.75) mmHg. (2.40+3.59) mmHg,
DT B #1524 3.33 mmHg . W 2% 3.74%,

B 58 A NS s m sl . Rk Rt
fift, JUHAEZ N 5L A AR AR ME I rh R B 1
Wang 55 @ 2 I T2 R IR R SE, E AL
BEAMER R LRRBE Y, K2R RGN, IR

W 280 2 A0 Bk R) B A v 7 B0 22 43 00 Ok
0.16 /min. 0.82 ¥X/min F1 46 ms, A fE#5R/>
B35 99.17%. 98.94% H1 94.11%; 5K ¥ ' F| J
AWRI1843 K P H A LR 17, RHI FMCW
RS 3 Kk 40 MIMO %3, 5230725 B B3 0% 57 5 4kt
FRARS SR Wil e s, R afie 4RI e A
VAUE

RBNHMT 7 [z R 3 0 40748 149 42% 00 P 3R LA
TeE . SRS 2 RaEnc S i, HE TR
5 RAEHFARR AN B (G F P s T 15
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FIE A5 H 1 ol A0 B B Ao 2 P 1 2R A ARAE (PRI L o0
Bk) HSARZEEE, HE AR . fgE
P55 SHEAR 0] . RS A W E bR T
ORIBEMILS, DA S B AR/ B RAS I | H G o B 4]
gy . MR AR T & B AL VEAL 4 2 R @i . Turppa
4 ] BT 24 GHz FMCW B IARYRFFE R0, it
BIAREHT S A AR B B A (E 5, RERSTEAT
Fih o RER ., AfF N SRR E AT P EAR 5t T 52
PR CEBAITIRYE3.6%) SIFR (PR
Z£9.1%) MIUHERR I, B0UF Tz RS 244
RE TGRS . Linds ) fiIf & 12K
TR IR AR 22 88 PosMonitor, T3 i3 2 ik 45
A EE AL S W RIS S S s, SEELT 6 R
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FETFURE - ) ER-CNN 8k, LA KRS A BRARTE
55T HB EMR ) 245525 )7 15 ER-MICG ., SERR 45 3%
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HRV & 2 W IR A B0 A Wbn iy, 4
MNRAE TR IPIRASET, AZ B4ty tising, 3
HRV 808 E R Ha%s ) JF A1) WiStress R 40
RIJET 2, SR K B iR a8 B AL = 2] 4%
WiStress-Net, AN{LAEE G EFEEHRV F-IE, L6
RS PP AL RSl AR 2 B R T4y
HHEZE . ISR BN, ZARGAK S 5 W
H, AN R T e 3K 1 43 2 HER 3258 84%~
95%, H7EZiRH& A hiG RS TR R AR
HRV R %, FTAKIUE T A BE S BAEEDS
575 el ST o

RN AT BA B0 Tk i 3 T oK B R IR A AR
Ffb =0 BT J7 W 2R 58 mmStress 248, @ fifi
PR PR B AR IS OCE R BRI . R R
R4S E TG B SCRHHEWT R K. 7E
30d. FiFHd 1200 h (PR g LR, &
BT PIMER 3k 83% ., HARIAAE T IR i B
SRS, MR (g, mE) w
R SR, A ORENMEE S AR RIS s
A A R
24 HENEFIEN SIS

TIRTERT B BT W 52 W7 b R iR A B,
ARYME, R 55 B A G A TS Sl sl
BAME, HIARENSAR B YT ISR HERR PR AIRCR
[ AR R B R, ARk . JCIR A L) i
FSWHEHE TR ARG . ML g i il
FEM Ik (GHRUT2 R . BFEIrs e . IR
) AR BRFEARE . TR S, Lenz
4 20 R T —Fh 77 GHz FMCW MIMO Z2 K )% &
AR AT I2 A, T PR SR A B R fOK
RAsh Lo HE (F—0FS F0H
S2). FEAI 5T 58l =Cris a8 1 ] 25 6 b st
BEE R BN, WIAUIZEEDI 2 (SUS2f5
M, (signal-to-noise ratio, SNR) #£F+2dB). %
BIEAY) (ST SNREIAEAMY) . XHUMEN (S1
SNR L FHE#E4.6 dB) FRIEM, EIRUAEHHE
RS (<75 Hz) {H SNR A His Fhns gt
LR T 28 B i I T e b, IR AL S Wil
AR GE TGRSR o ZHAR
AT AEREA R > (L1 AR . Sl
B AR B3 T TS AR SRR, R
— Ak

SRR A LI X Ok . CT, A g &

ff 3 P% i 1% (magnetic resonance imaging, MRI)
S, SR IR IR SO UM B . B R S
FHE . A AR 5 R AR DN T THIAEAE 1A SR
MR ATCEN . o ERS . SaPeRm Rzl
BRI A TR, HEORFIRE TR HE
WL IR ZL 5, TR A 4UE w BA =
KOG RME PR, HARERAE SRR E5
TIRAFEIE R BEITIZHE, 3K 23l AL Fa R A i
AL AR R Y R I B, il S EL B A
BRI XL FS, T HIREIRSK A, i
U A5 UG AR T AL B, BRI 7R G p e )
B R R L T R TR R AR 22
AN TR] i B3 P T4 T ASE I PR RE AR AT T 25 5 B A B
(0.5~20 GHz) , FEfRIRZIERES] (2~4 cm) Wl
A EEEZLIRALL, e RATARESL 0 g kA 32
AMET 70%, W RN S AEEE X T8] 2 54%~90%,
WA AL HEA T, S T2 EITHL
PR AL A8 37 5% 22 oKL (30~300 GHz) ,
23 (0] 3 BRI A B A T 3 A5 LA L, TR A
1~5 mm G/ kL (RBERS H R >83% ), AEEUR AL
B 2 kg iR 22 AT HIFE 1 mm DAY, H
SNR FEAERFAE 10 dB L I, PUAEE L (KW
PO RS ) e RS, NIFLE RS T
FE PR AR O B A R S RBR 2% B (0.1~
10 THz), JEIH#E &2 ESPER (<100 um), 7F
BRSSP ER R ANMIET 90%, AT SR i
SRR Ay, B EREAE T em, H
A AE FH AR v i B (7 B 38 1A 2H 204G I 45 240
Giste

PRI X T2 W RAERT S R4 (benign
prostatic hyperplasia, BPH) . T J& #HE R (lower
urinary tract symptoms, LUTS) F /5% B 17 48 FH
(bladder outlet obstruction, BOQ) ZEE i & X
B, ABGIRGTIN &  VAMO TE LIRS, AELEN]
FEpE . ISPIANRE IR RN TR A R, AT RES ] i
HERIPE. QIAE Y 4 T —Fh AL T 2K I FMCW
TIRM RN v, A A PR EE | A
JE s AR A AR O 2 oKk A8 A ) £ S 5 M
WAL HE R S 5 SE BRI IR RE S A R0 2 R I
W, ARSI AR WHR L T — AR T
Bt REAAE— SRR, (M2 e m FE By A
ARSI ER B T, AKA B AR e
KIS I HE R, AR S 2 K
Pt i SR S
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Z SHENR W (polysomnography, PSG) 1
K VA 512 B BHL ZE 1 B B 0T 2 T 45 (obstructive
sleep apnea, OSA) HJ&AnrifE, KBAZRE . 7
MrEde. iAE B, MELLIE T RMUBLH A 5K
RER. MLZT, WRESTEAM . ZRENEE
P, BEE S I L Ok I AR SR A A AR AR A
B, AEUETFONF R 5 PR B I <
¥8 %0 (apnea-hypopnea index, AHI), & fic % & I
RETA S ZMst, TERFHBEARMNE 516 hL
ATy HEPLHE R P AR T T Tl
A 145 23238 B PATA BRIEIE LA IE S T2 K )%
P IR AP 71 far 5 75 B HI 100 R 48 QS A600 BT i
SR WINZ RGN . hEE . HE OSA 2
RAE 550 88.68%. 89.83%. 97.06%, H¢5JE
53505 94.87% . 98.84%. 99.10%, ZiX# TAEHY

it (receiver operating characteristic, ROC) -AUC
394 0.973 4. 0.990 9. 0.999 5, FEi2H OSA J&
AR = R EE OSA 734 )5 TH 5 PSG R IR = 1Y
— B (Pearson fH OC ¥ 2 09872, ICC K
0.9850) . Z=Hi4E ™ By g uEp %t 71 41 8 5 [ 20
HEAT PSG FH T B 3R 1 £ I BE AR W, XoF E 43 A
P& (IR I <5 (AHD) Rl AR i 4
FIHE (lowest arterial oxygen saturation, LSaO,) 5§
KEL WG bR T R A8 IR 96.2%, RS
$89.5%, TEA[REREER OSA /g, HAUR
FEFIRR S BRI 5, JeHAEH B OSA Uk
FEIR 100%, FERMMRAILEE (LSa0,<90%) Jrif,
TR A B HURRE S 94.3%, ' Sy 88.9%, R
KP4 5 PSG A5 AHI FI LSaO, 152 i 5 1 1 AH

x (7=0.919 F117=0.865) .

Table 3 Representative studies of radar for non—contact health monitoring

R3 TREIEEMERENFHDBIRRERR
Wt 5875 171 = Bl 7 i RS KBREER FHEW BARRE R [
¥t 5l
A b7y Fairchild® 28 I8 B8 25 70 fF CWEZEHHEHEE  YIPLBUSIN, AL SUSESENE S R E A iR
izap R (2014) ) EMD+ R RNl (2~4 GHz. 75~ {HRSEA IR 23 SN LR T, ERHEN
i SVM 110 GHz) PO A, MR SECORIE LT HRE DA
Rz LAl
Yi%%  AF-LiteFormer # — =ZRWEEHIE  REEIERGMES BEE EEONEITRMA G BIIE R E R,
(2024) B R4 R LR & #.99.7% JYENME BRRFAESRI, wkE I 00 B I 5
akilkidl W EEREEY R, ERMHE—$
HeahEAR M2 4% ik
AT T
Jiang%  MC-3DCNN (£ @ 77 GHzZKEFF 128, TE% DA DA a2 il AE ZERIERS R
(2020) PV 5l = M5 B 2 W Hik PUINMERf%>92.5% a5, sSEIUW WP 0@ R ok 19
%), R =4k X5y Bk EX 5y, N B RiE
B A% 6] T RE R 5 I I 5
M SR R AR
Dang®  PGGait ®R%& (FET  77GHzZ KW SAUH LS ZHR BRI KM, SREMHET
(2024) T2 FE R H A L 4 ik PUHERI#96.75%/ Wb i thit, W e s =
T AD 94.30%, FEEIEN AW MR 2 HAREERR M 06 S e B il
P58 5T ) 7t CHF
Ni%% BT =R EIEM 77GHzFMCW 2 NI 5t R AR 2B S & PR IRT, 2 ANEHEGRT
(2022) I8 Z WL 2 A CE HEH 3 88.59%, A ¥, b WREL ALY KRN E =
B A RSP NS SR R AW S, MBS AR RAE, A AR R
R R GEMGait 5o 4 s W E RAKSCERLEE )
i
F#H Yan®  mmGesture: i AWTEL BHPAEAEIR AN CRIREEIBRKE EATFH (2T
WA (2023) P4 2z piEse i HE B 2 98.59%/ MLAZH. VERGA, BEIEOCHE HRIEDD iR
96.72%/97.79% TRz AR 1, BORKRR A RAE,
EAE R AW H AR SCHE A R

7k
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833
W57 =4 Waota i WS PRIt S TR HARKE 795}
JiEB75 S 5l
PR Saeed®  JEHSELMAZMRA 5.8 GHZFMCW 2k (8] 4% W #E 8 & =N BB s, R REST
W 2021 B gl 2 W B K Hik 100%, #pksciouE ANmw TR ZHHE =W, FigR
+ResNet73 2 1%£96%/85% B3 WWEI), EHTE BTk
W N R4 RAG B HHIE
Abdu%s  ZHMERAHEIETE 5.8 GHZFMCW Bk B K I v 7 R BN fEEm A S5ER N BT ERE
(2022) P26 2 )y 45+ LR 5 HiE 99.77% R MURSRTHS IR, BE, i Uk
7 M cca T Dy R BRI A I S
+SVM /3 ead P R R R T E A
Liang® &1 = 1 5% £ A 24 GHZFMCW  #rZil &/ R =W St A ek R REREK
(2024) 27 (PCE) +8I¥i3D A - Wik %99.1%/98.9%, F1 f#fE M, HEERE, BEmN, £H
R ENEE N SHK0.988 A 1 BRI R TR N SR EE bR 3 I U AR
PR H, BRLEZHEE R RIE
P S
HE  An5Ogras =K E ik +E R KWL WEBZIONKRT = ORE CEEMUCGRIRE], O A R E R
PA 2021 P8 2% A B A 5L YL, LR KX O XRWEEZEES, EAHRF, 3
baxin W, AT AIERS, AR g ARSI &30 1F 1B B s
=YEhrE RROACR RS OE o) LB T A T AL
R N5.87 cm
Ky Wy Matthews®: FMCWH AT FMCWTEIE  AldEMRIRAIPEIL R Ak M IRIGIEF AR Ry R U B S
PRAE 0 (20000 BY O EEh(E S, o Hib®g TEMSI AEFRREN I ATATE, A, BEREE
S BN R (SLM W HoR MR T IR RAE 3 500 0E R
MR BAE B, NESFABE RIGIUE
m 2 S
Sakamoto®§ M Sk ¥ & HL .0 %6 79 GHzUWB  “PHJiEf2683.7%, Zihi #h/R(E 5 REMN, kg )i 115
(2018 B 355 MIMOE & ViR Z163 ms Ak UWB MIMOF IR SR EMHHZ 7T
TEMI FHE Mg, £ SRiIE, &Y
B ARAE W 4 SO B A AT R
Alizadehs  MHUHEPIREUTE, 77 GHZFMCW S Hexoskinc & fitiz JEx/4E HELHRRiEscl ZARZLETH
(2019) ¥ (0.1~0.6 Hz) 50 C B DA ME aAE M, SWFERES FES XM
# (0.8~2 Hz) *f W F94%, 0 F MW EEEAHDC, HMEBhE REIE, = AH
S ) e A% 80% AR F ARG OGO
AL
HanHong £ Ml %6 AH 7 42 X 60 GHz FMCW  AHAL 3 P Je e S0y BLZHMOGEE 2 E(E 5 48
(2020) B4 AR Wik FLEW D, BERE FUAME TR, A7 REE (% T RE 4 ) AR
M EmiAIE s W AERAETES KM, MR
BN PRECEE, RERIEI fhEdRs=
T EEE
Yang®?%  A-FuseNetM#tfill & FMCW/IR-UWB  Zi& st a il 338 2 N REEREN 2 0L E 1K
Q02D B 2k HdE, SIA Hisal s Wi I K R T B BRI ey AHl 5 R4 E
i Bh E B R AR 92.3% W &, MHFERRE RERERA N
NERIME B Lo AEBEEE M RGBT E
D4 TR75
Shokouhmand L5 S HIA WK RGB-DAENL.  BAEGTHEWFHRE NN WHE-TFERE R 0K AH B B,
e e, & H AR 77~81 GHZ FMCW  HE i R 4 Tt 4%~ X2 WORXTHERSE, 28 BRI E T
(2022) 61 il (SVPD) SvEAR Tk 7% ODRMEHFRE EHha WL Bl 5 MR fRIME=10E
A B 0 X 42k F+5%~15% AR, R ST S
WS HEMRR, EREN

Z HAR kN5
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WFFE 75 1) li=a 0 J5 9% &S PRIt S S HARRE T
JEE77E 5l
HRV  Han%  itHWEZENE  FMCWEHIE O Bk 1A BB RMSE ARt WROR T 03060 R0 S206 DLER & 07 5t
W (2023) BT g g ag L ks 5, 149ms, HRV % :N\HRV If, HRVIEEUREE NE, BHiks)
] R e, R # RMSE 324ms/ MWW &=, NRHABS R TMEER
MBA R ELS 4.91 ms/9.10 ms mfa s gt e Z R
By A5 FLRI R Ak R e FE AR T &
FRE kIR R
oagst AR E A MES 60 GHZFMCW  HRV 48 b5 (MEAN R AL SREMDREZS B 5% 1F 5 52 U8
2024) BT 2y fi# (TVF-EMD)  ZZKJEHEIE 986 ~ 1093 ms. BERE, MEE R, A
g BN o Bk SDNN 99.1~ NGUE SEMAIEE, i L& NHEE
By 111.9ms.  *MSSD 57RE 57 WA VPG IEaEH W & i — 2
18.1~41.2 ms) , & VPl R Lians
5 2R W
97Kz 5L
i  Geng® o 3 Bk PTT 77 GHzFMCW Wi kiR % (5.54+ JCBIML caPTT W & F2 i€ , ML i 1 % 22 3%
wsm (2023) P10 (caPTT) it i) ik 7.62) mmHg, P9k SN 558z b 0 A& AH G 3 I IR b HE I
JE iR 2% (4.68+ WE, ALOINE E, Hidk—DBR
6.15) mmHg AT R P R HER I
Singh%%  [FAREMH ST MFMCW=XKE It 4 & RMSE= TOIL @& ZRIESMHE  XUEHE S E N
(2023) M0 mEEI R IRAIRE S, T/ (77GHz.  3.33mmHg, £FKE JEMEN %%, MEMER REEKE S K
¥ OBk oWk E E 79 GHz) RMSE=3.14mmHg o, MRz A, RERIEAHR
PWV) 5 F i {5 JIE W AT AT M R
5 [ AUCHii AN ANN Lians
{1 K
Vysotskaya®F SRIUY BRAI RS HEHL 60 GHZ FMCW IR 45 /£ % 2 9.2+ JELL KFEAIRIERUEME, & 4l 3% 2
(2023) M kg, K214 Bk Hik 8.3 mmHg & QIME ZHIEHRARAE K, & E %
T AR IE i N B iR 2 77+ W B, ERIESM KR OCEE S R
WRE AR M 4, R 5.7) mmHg JESRIR1E 75 s B Z 56T
AN REIPEE: Bt
ZEEL SIINEERANG EREEE O WEEIRZE G499+ MUER MW EN RS BN E RS
(2024) 21 #) MultiResUNet 5.75) mmHg, #F3k WEN JEER, WM EBE SUFE RS,
F T W 4 5 Ik E R E Q40 B GRARFE, O KIMEBEMNE
WY IR LR 3.59 mmHg I BT M D REIFMAIE4E ReMEFlik
fE, “aBRMaE WO H R EN F 5 Hdh
W 8 55 4 AT L 12 3.33 mmHg
™ 2% ff v SBP
DBP
e Wang®  PiBBEhAMESE 77 GHZFMCW BRI, (O3, OBk & B AME LG B g LRI BN
B (022 W kBRIEsh i, B ZKMEEA FOBE b AL B BIRA D, AR S TG
sl G A Sy i A I R %016 Wmin,  RAA EE, ABWE4Ae KRB Z RS
W5 OBES, & 0.82 Y/min. 46 ms, ARAE MR AT SEH R 5K
KPP A O MO 99.17%/ M R
SN AT 98.94%/94.11%
G137 A A O BESIZE . P 77~81 GHZ FMCW S2 I 30 5195 57 le 2500 00 MIMO & il #2 FH {5 2 T &l e B H
(2023) M9 R, WPIRIEES ZRMEHEE G SE R Wi SRR, H W, MMEAERIE
T bR, 5 IEH W MGz LG R 2 4 B M 1 56 TF B
i F Bl e 52 25 3 iR Bk A

s, REAT &
WA
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8133
WL 5 T =4 Waota i &SR PRIt S FERN TR S e s
M 5l
BEER  Turppa® & TS M4 24 GHZFMCW D P40 % 25 MEARI B4 0 B4R TH(5 R JT J& B AR 43 39
W (20200 BT Lo BEEIBE . B A HiE 3.6%, WRWRRREZE Btk SRESHEN, £ O RBMxER,
KA HTHRIUTFI R, 9.1% FEMEI PR ZSIE L MR, & ) BE 4 A
JHRVFFAE 5 T ERmERRES R
el
LivsE  ZWAMAMEER 77 GHzFMCW  6FPIEARE A IME RIS A B b SR R 45 & R AR R &=
(2024) B8 B EP G = ik % 98%, (EHE 4 BN SmPL TR A RARE KB, MH
B =gt 5t R A DR FF90% FE, ONEEMRE R A 0 R
VERSERRU TSR R 1N DA b e 2 i B2 fit 4 AR
R I A At
Transformer 2 15 %%
F) 4 AL DNN A 28
SRR A AR )
Eer % BESBI MEER-MIK (% 77 GHZFMCW  ER-MICG/EHS &/AF AF4%fit ISR SR EAHBZN
EOIHB (2022,  KNN) . ER-CNN ik R NIETRA W% iR, dJEEm RR A RRZ %
Hi 2023) M1 (PR FEZ23]) . ER- FEIE85.5%/74.25%  RA] ARMEREGRGM TN, i, MR R
FE MICG ( % 5 2 fit EROEWE S EAIR
pali B Foy A,
m il A 11 TH
&2 m e
LT Ha%F  WiStress®4i, Il 77 GHzFMCW AW T KK 2hdy ZHREEMERA SE3RETMW
JEf 202D M7 HRVEFFRIE, 454 Tk T RAETRIE RIES TIE S 280, WM MEREH =%
W L0 AN e F =S 84%~95%, H{E% WM hAFpENER, S8 IE, WRIiE
i N B AL AR AR S 2 W B RS SRE NS E IR S st 2
B IAR/ P/ =) T A R RE AR 1 L
JEWAR S HRVHZELR 7
ZAFHBL mmStress R 45, i 60 GHZFMCW 30K #F L4V HEY ETAAMSELE 524 RARER
(2023,  HIEEI “HIRIE Tk HEHIZ-83% SEA EHGSWN, K KT, ERKF
2024) BSOSz 7 sz 4 Wk A7 WA B R E M, B R BT
KT ERSHSHTEE  RHERIE
J1
By 0% LenzZk  WAHRRIE, MM 77 GHZEMCW  SUS2{EME L3R TF, JEREfu FiM S5 BRE 0, LI AR A B B
pEyF WS (2023) DM BERBNINE O MIMO7 i% FFEERYAE 0 AREARREER L (X1 4 g R
sl MFIARF, Wk W guRBTEE, whetE M, w0 F
i TR B R 2 A G e AL (>75 Hz) #¥¢
7 btk B, AR
FUAR AlSawaftah®s T/ = K/ Kk 24 e (0.5~ Bl kAR s AR CFE T AR AT, s A B S 1E] S
A (2022~ TEIA, FIFAACEE 20 GHz). 2K 70%; =K 1~ R ZHBEAERAS PRGN
M 2025) 53561 R g (30~300 GHz)+ K 5 mmF khAS 26> B/ R M TR, AA BHBRFERE
2% (0.1~10 THz) 83%: AMizE: & wf REEeirREtsE AR (<lcm)
Hik AL L% AR > HART R
90%
SR Qi%% BEERENEEN  77GHzFMCW  HiASEREEML Bl A EENE,  H s il
2 (2022) B8 B ERRE Tk TR R E A R Bt kT, BRRIE, A&
H s —3, AFH Bl R FEEE IR R 8 Mok

BTG EE R RE

e 4 F 8K
2
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Bi3k3

W8 75 191 = B Jr ik W% SH PSS FE), BARR R R

BB 5 E

OSA RS HiIZEAS5PSGH  QSAG0RZ  HMVEFEOSAZNWT OSARE KFwm LM, 5 W& WA MW,
PG (2024) B0 LY 5% IF OSA & Iy ROBE 88.68%/ FAIFE PSG—EithE, K EBEIT LMY
5 PERE 89.83%/97.06%, HF S B RKMABLOSARE R MKW 4 5 1 75 ik

Wy 5594.87%/98.84%/ A, A EREK Bk

99.10% N K

% WIAW A SPSGH  BAFEERIEK  AHULSaO, M %k r OSAH S<fRbrtcts, = KHEx Ik
2021 B SBUEIN, X EHAHIL =0.919/=0.865, & AE{L MR MM,  WEG LRI,

LSa0, %48 5

FEOSABURE100% AL

NOSA G % 53t K

B (A A 15

Rl REE SR S Ry $ETt

AF-LiteFormer: ¥ & 77 fill & % & 1k Transformer (attention-fused lite transformer) ; A-FuseNet:

WAME DI B E S M4 (additional

information guided fusing network); AHI: WM {S{iE <540 (apnea-hypopnea index); ANN: A T#IZ /%% (artificial neural network) ;
AUC: M4 N ML (area under curve) ; caPTT: H.C» sl ik JK 48 I 4% 33 15 [A]  (central aortic pulse transit time) ; CCA: ML % AH 3¢ 43 #fr
(canonical correlation analysis) ; CW: H#EZEJ% (continuous wave); DBP: &F3KHE (diastolic blood pressure); DNN: JREHIZ M4 (deep
neural network) ; EMD: £ #2453 (empirical mode decomposition) ; FMCW: J& 8% 2L (frequency-modulated continuous wave) ;
HRV: 0% 5 4# (heart rate variability) ; IR-UWB: Jk#h G4 #8584 (impulse radio ultra-wideband) ; LSaO,: 5% IfiL %0 16 1 &
(lowest arterial oxygen saturation) ; MC-3DCNN: Zifiifi =4EEFIMZ M 4% (multi-channel 3D convolutional neural network) ; MIMO: £
AZHith (multiple-input multiple-output) ; MultiResUNet: £ 5%25UM% (nultiResidual U-Net); OSA: FHIEM:MEARIEIZET 45 (obstructive
sleep apnea); PCE: /=i (point cloud enhancement); PSG: ZFREHRWINI (polysomnography); PTT: Fkifk &t (pulse transit
time); PWV.: Jk#§J % (pulse wave velocity); ResNet: 5%22M %% (residual network); RGB-D: £[-Z¢-#5 IR ¥ K% (red-green-blue-
depth) ; RMSE: #JJ5# %22 (root mean square error) ; SBP: Y4i & (systolic blood pressure) ; SVPD: # SE{H s Kl (singular value
point detection) ; SVM: {5 HL (support vector machine) ; TVF-EMD: AR JES £ UG5/ % (time-varying filtering empirical mode

decomposition); UWB: #%ii (ultra-wideband) .
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Graphical abstract

P

Human activity recognition Vital sign and sleep monitoring
Basic principle of radar technology:
electromagnetic wave signals are Main
transmitted toward a target object via application
a transmitting antenna, and the directions
reflected signals from the target
object are received by a receiving
antenna. Relevant information about Auxiliary medical Emotion recognition, and
the target object, such as distance, monitoring and diagnosis psychological stress monitoring

angle, and velocity, is then obtained
through signal processing techniques

Abstract Radar-based non-contact health monitoring technology (RBNHMT) has emerged as a transformative
paradigm in continuous health sensing, enabling non-invasive and continuous monitoring of physiological
parameters and behavioral patterns by transmitting electromagnetic waves, analyzing the reflected signals, and
detecting subtle bodily movements—ranging from millimeter-scale chest wall displacements due to respiration to
micro-scale vibrations associated with cardiac activity—ultimately transforming them into quantifiable health
data. Distinguished by its non-contact operation, inherent privacy preservation, and adaptability to diverse
scenarios, RBNHMT exhibits stronger resistance to environmental interference than conventional contact-based
monitoring, and has solidified its position as a prominent and dynamic research focus in the field of non-contact

health monitoring. Currently, significant and multifaceted progress has been made across several key areas. In
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human activity recognition (HAR), systems leveraging micro-Doppler signatures or point cloud sequences
achieve high-precision detection of gait, gestures, and fall events, with state-of-the-art deep learning-based models
achieving accuracy rates exceeding 99% in controlled experimental settings. For vital sign and sleep monitoring,
it not only tracks respiratory and heart rates continuously but also extracts clinically relevant metrics such as heart
rate variability (HRV) for autonomic nervous system assessment and estimates blood pressure through indirect
methods like pulse transit time analysis, while maintaining robustness in dynamic settings through advanced
motion compensation algorithms. In sleep monitoring, it further enables sleep posture classification and apnea
event detection. In emotion and stress recognition, it provides a non-intrusive approach for psychological
assessment by analyzing autonomic-response physiological signal patterns or behavioral features. Furthermore, its
applications in auxiliary medical diagnosis have expanded to promising interdisciplinary areas such as non-
contact heart sound auscultation, radar-based screening for obstructive sleep apnea (OSA), and emerging research
into breast cancer detection using microwave and millimeter-wave imaging techniques. However, several
challenges impede its practical deployment. Signal quality is significantly compromised by multipath interference
in complex indoor environments and clutter from static objects, and by motion artifacts in dynamic scenarios
where gross body movements obscure the subtle physiological signals. Algorithmically, separating signals from
multiple targets in close proximity and calibrating for substantial individual physiological differences, such as
body habitus, baseline vital signs, remain difficult and limit generalizability. Hardware design also faces the
challenge of balancing power consumption, cost, integration, and performance, often requiring trade-offs that
constrain miniaturization, battery life, or measurement sensitivity. Future advancement, therefore, requires
collaborative and targeted innovation across multiple dimensions. Algorithmically, developing adaptive signal
processing models based on emerging paradigms such as few-shot learning (for user-specific calibration with
minimal data) and reinforcement learning (for dynamic noise suppression) is essential. At the hardware level,
highly integrated radar SoCs with embedded processing capabilities and advanced packaging technologies are
crucial for achieving the dual goals of device miniaturization and cost reduction without sacrificing performance.
At the system level, fusing radar data with complementary modalities such as infrared and acoustic sensing can
create a synergistic, multi-modal framework that significantly enhances perceptual robustness and reliability in
complex, real-world environments. This review provides a comprehensive synthesis that systematically
summarizes the relevant theoretical foundations and application progress, and offers an in-depth analysis of the
current technical bottlenecks. It aims to provide a clear development path and a foundational academic reference
for the in-depth integration and practical application of RBNHMT in critical scenarios including rehabilitation
engineering, smart elderly care, in-vehicle health monitoring, and beyond, thereby offering innovative technical

support for the vision of universal, proactive, and personalized health management.

Key words radar,non-contact health monitoring, human motion recognition, vital signs and sleep monitoring,
auxiliary medical monitoring and diagnosis
DOI: 10.3724/.pibb.2025.0407 CSTR: 32369.14.pibb.20250407



