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Abstract: A contactless health monitoring system can contribute to health assessment in daily life by reducing

appliance usage and avoiding discomfort from wearing electrodes or sensors. Such contactless approaches have

the potential to continuously monitor the health status of users, alert patients and health personnel in time

when acute medical emergencies occur, and meet the monitoring demands of special populations, such as

newborns, burn patients, and patients with infectious diseases. The Frequency-Modulated Continuous-Wave

(FMCW) radar can measure the range and velocity of sensing targets and be widely applied in heart and

respiration rate monitoring and fall detection. Moreover, advances in FMCW radar have enabled low-cost

radar-on-chip and antenna-on-chip systems. Thus, FMCW radar has vital application value in the medical and

health monitoring fields. In this study, first, we introduce the basic knowledge of the application of FMCW

radar in contactless health monitoring. Then, we systematically review the advanced applications and latest

papers in this field. Finally, we summarize the present situations and limitations and provide a brief outlook for

the application prospects and potential future research in the field.
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B, Rz AN IS 5 25, Bk B L%
TR E R . X2 ATAT SRS, AR — R
FE EARAE T RGEHIN A o 2 . SCHR[63] 5% 44
BUg s, FET 2 EVMDT N EMIRE) K& S5
EH iz FBIE S D2 o BRI A St
BHES, MRS OFRRZEE A 71 250.06 (X /min,
0.6 ¥X/min, IBLiZHALECN50 ms. SCHR[64)%
MERIE )T 75 B OBk E S . WSS E R A
NARZRIE YRS B e, TR BN b 3] Bk
Kz @, LW 7 HE S KBRS FT T B
BEE) FHPLE . RFRCRIEI . SR IAE S 5 E
YRS, HAF S E I, SEUR IS R AR B AR
{R R EEPRARIT ™) — B TR B0 55 1 4 BE A5 B 1)
) A PRACE 0 JR T 78077 X TR AR R
T AE 55 vh e DN =2 A7 1 AR i B 254 557 A A B
PR ET. A, X AR R S 5 AL
RN E AP T By 7 (i e e D0t A 2 B A
o SCHR(T8, 7918 FAE BRI T AT g Al
FIHl (Programable Metasurface, PM). M /7 4b
TAFME. BET, PMETHE ML H &N
DR i AR 2, DA TR 5 PR B 81 i P L At 53
MIDCik. Tt RS2SR, T A BAAE I
I ER B RE TR ) R & B 2 B AR, I AE
DA FRARAEIST R BRES  SSZBNBRAI,
BR[78, 79 R 7 THI A M RE S AL 1 B R .
bb, A —LERIE TR TR A S R S Rk
fil, A0 b H A Bk e A TR AR L0 2425
b

IR SR B R T FMCW 8 iA 78 E 4 ik 20
BRI U AT 1, AMAE R AE FOIR I I 7
AL ZRINAS, EiRKET R TREE
HER S HAMERY . Bk )L SRR 0 B R R
APARAEREIN, SRTT, LB b Je i s R A BT
TFRAL AR R, X NFERT T AR R A A

HAME A A 18 Y) #Rk B fEfL R yT SL ik,
fEGu BE E I AME R ZIEP AN R TIE, &5
FECE RS, AR kA BT R & S A
RE A% RIEEIX Ff ARG B850, bk, EE BB 3 1 AR LA
IEA 75 EE AL RSt I, AR 07 VE AR g 1R =
FIRIT WA ETIE RS, I H BB PR ER T il . AH
843 A ik XA BRAA AT M NS ) B 9 R
FRICReE P N H T e s Bt ik JLLL
T EECRE £8 5 1R PR N 500 2R M o561 ply ) T
TR N\ I AR FAAE B SR B S — AR AN AH[R], ax s
TR LKA T2 4. SCHR[ST)EH XA J L%
WP R M 37 S et TEMCW iR R 48,
HiR [88) 1) FH T 3 W 43 o A5 3 1) R W 23k 47 24 /NS 1Y)
A fh CRR S I I, T 0 Dy HL 2 15 B i 48 o

ST AR BRARAE I £ 77 8 (0 B8 Bl A A2 AE
HE B2 5 N R ARSh, AR, AR Hot
FOIFARIE T2 5 B . SCHR[89) 4R HH T —FP Ak T FM-
CWHIERIN TR S R 5e, 4 H ;) d ke Bk
A, B IRSN 2 S BUR BIE R 0 O R A
A4k, T H P O E SREU FMCW 5 1A {5
SHATHERENE, IR - AR
3.2 REAR LM
3.2.1 BERR BT 15

R AR T S S AN B R, ARV
TR HEELER X AT EE Pk R &,
5 [H BEAR 5 % % 2> (American Academy of Sleep
Medicine, AASM) ¥ HEAR 73 5l (WAKE) . Phid
AR (Rapid Eye Movement, REM). N1, N2#/
N3 5ANHEARM B, HANIHIEFONEREL, N2,
N3 A PRI R, 3 L B 7 5 e A I A 1) o
bt 2 PP Ay B FIR T £ 1 B B4R AR 100, XPHR VU
CMitRE A (O A RG-SR RS AH AR R L)) )
HIAEICHIE SR B, DRI LG B =X 5 R AP B A &
BERIBCR Y, SR, XFERBONE %, ML
Bl AR, FMCOWE LK) B A E L% 5
SR, JCHRREME MR K. Hlds
SRR e e AR AL PRI S O Bk U FMCW &
IG5 HEEIREY B ) A AR &R, R T
N THREURFIE . SCHR[97]%: T Range- Angle Bl &
N AR AL B I 4 W R B 72 1 X e, AEFREX ik AE B
Ja, T RR T R AT SRAR A S W i A S AR
IR S ikis s 5PN FMCW R IA R 5
i N CNIN A 2% ) i 4l 3 2 15 b T WAKEBT Bt
TF B HEAR AL IR (Sleep Latency, SL). Bk R [A]
(Time in Bed, TIB). &tHEMRESE] (Total Sleep
Time, TST). HEARZLZ (Sleep Efficiency, SE, B
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TST/TIB). il )55 [H (Wake After Sleep
Onset, WASO)%5 5 R IR FE BAL AL R bR (1% 865
FH 2% [ [ 5K B R 2 4 2> Ik H A ASMbR ) 2 Y, %2
FIITZANAT), AT AT 2 15 2R AR . SCHR (98]
FTCNNEKHER L2 M %% (Long Short-Term
Memory Network, LSTM), KL &R, O BEAR
K FMCW A 2 & 845 = 1 I 50 B AR O
AN TRIBERREY B, I T % A R 470 00 28 09T 1y A 43
ARSI B B s BEAR O, SRl e 2=
S IR TC R IR,  ATTTH i o3 R T
B PRz AR, RAXWAKE. REM. IRHE
55 AR AR B BEIK) 73 SR HERA 3 20 3 8 63%, 82%,
83%575%. AHXT % FHEARIY (Polysomnography,
PSG)ix — i W BEAR 57 & AR E B %, Bk RGukE
G T I IMGEOR B Y R bR S AR R e, e T
AR AR T L . (HZ2FMCOW i ik (1 AR BY
BRI R B g g T ORI L, IR, UL AR
7 i AR M I 5 B LS S . BT T FM-
CW I [ R B Bt 73 98 28 4t 1 AE B 3 AH 0 AT 2 34
WERABRNZER, XRS5 T T PPAN
IR EA —ESHME, HHTHIOEHTIRR R
b
3.2.2 FERRIFIRE =

HEERR PP 7 452 (Sleep Apnea, SA)x&—FhH WL H.
AT B 25y e B AR B A5 1000 A D — Bl 7 1 B A
i, FERRCRRE RS AR A 7E BERR B 42 2 RO, 3 2
OAVE THREREAT . oh XU B PRIPE S5 ) XU, 0
g FREAL BB o AR AR 2 AR ST, IR 5% M
(PP 5| B R a5 . PE AL ) DL X IBIRE WS 4 FH T
MR P T A Ay o 108] - — e PR R EE T FMCW
B A P A B M ORI T 7 R L R SR e 4 8
F-SAWEI00:106] 2 RR[107])2E T FMCW H 1R FRELIT
B a5 LBME S, IR T SR E L (Support
Vector Machine, SVM)H gl i 2 170 2 15 1
W RIS ASERFIR S FAE, IR IFIR. SALE
A5 PRI S DR S PR TR TR A 23 R 98.25%
3.2.3 BEZIN A

HE AR P ) 28 350 NARARE JEAT 56 — € i . BIFAT
WY, AR B M AR S 3 DL A ) B S AR
SRUOSL09T R, S R M AE S ALOLL iy < AR Y
SEPIR IR T AR A R EEMME, B, TR
ZEMESAEFE, MEMNX —ELS A RKIEJL
AR, PN AR, RAHESF R, AN IE
il A e I e I AP NIV T e S g e T S T
AR KRS 2103 SR [114) 5T R FHFMCW
ik, KR EE - A EE NN, R

Inception-Residual 5 [ £ 8 18 CN N W £ 15 51
RERRE, W TeMEERLE X, 2REGERN
Kappa RECH85.35% . SR, 1% TAEH I REAR 4 35
TR EGHTEIR by B8 EIREETRE, BIRXS
THERR BT B I A A — e O, H TR AR
FRASHRLS, AmEN. IFENE, AR R IERE
AR o SEBR b, AR S5 R A B S Y M R PN
Mo FEE S WU 2R 0 AR M e A R R A s S G
WIEE . RS, DAL, AR MELRUEREZS S I R G0t T
BB ALRE ST . TEHE T FMCW 75 1A [ A B4
AiF M5 W 55 Bh 4 RS A5, B 9T A SR K AR 4R
chirpXf N FTFAE S AHBCRHERR R T4 17, 3
e T T b AR, H R SR AN B IS ] AR AR T 2
AZ o SR AE RS s A0k, TEvEsk X P okimg . i
Rl BEARCIRZS R, B AR BRARAE 51 & 1 7355 5 1R 4
3, N TEIDIRES, XM TIHER RIS
SENMESE R ER CHR[118]f# HiL &%)
(PISRNE, XETBIAEE,  JCHR A 2R 1R AR i Ao
28 ) 25 150 (1 N\ W Range- Angle ) (X 75 ZL164) %
(1) B A B 2 R B0 A B R AT 0, SR RE A AE T
IR B R0 m AR R . 2R S R T
()92 ) -5 N A I S T 32 T V% ) 2 5 ) 4 e 28
XPTAER 167 8. 1HE IG5 1 2 e 28 A 25 1 B4
CHT RS T RAE M) AT HOR OB, 7ERT RS F 1
AR R 501 2270 73 928.3°4£8.7°0 25.6°+
6.7°515.3°+4.4°,
3.3 BRI

PR e 2 N B AMETS . 32 A5 1) 25 B R 1,
X 2N, BRENE BCE P RER 20 890% 120
E65% UL B2 AN, =2 —FFER & —
B, HA o RER o2 NG 5200 A P i 236
Jril, AR, BREEESHEE LA ET
BT A 020, B N AE AR J5 A B B
RIL, B R BB sE RS2, BohE Nk
B E AR TCE AL, K () G 7E bRk b ] fe 2
FEMREAAC. WA BSOSOV AT 2 AN
B, HERATUE, XFmEEN, BEERA
SRR AR U SIS ARE P ik 5 A
FEEBERSMBME AR K E, BRERN RS
SR R TT (g R ATk (1 B 9 B s 1240 i SR R A8 7
o W 3 AR B A BN ) o S R i A N R, MU AR
FEARAE T S 5240 i AUISE [T+ B A 92 22 7 5 U
THFES

Range-Doppler . Range-Angle KI5 FMCW
HIAFHEEEFREEER. fE. #ESE A NMEE
ARG, B 4ERE G R, XA RIS
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SRS T BREA ST, FMCW 8 & 78 2k 18]
R SUR A A A HIIL S, SO &AL, w0
T A KUy, S BRI R i A
W F B, AREA S H LS, A
LS A B BB R AR O, XA
S FMCW T ik 32 B1Z WU T 70 1)) 2 RIE
WG [ HETFMCW TR 5 B AR A I 5 AR BB 7T
BUIR

SCHR[125] 92 Y —Fh 5 T F 9% 59 2% (A uto-en-
coder)5 Logistic[El A1) 2L I RE I, RE
15 5ok B FMCW ik FI3A 5 78 B b A I A JaK
S(ET . BEARAIIAER L), seBL 7 vl o fife ik ds
AR IS 2 T R AR R o O T IRAIEAR AT 5 %
XA Z H5INGRA RNz RE, &R
“B—1%" (Leave-One-Out, LOO)JAE X EHIE 5 H
K E 7 96% KT B #EMH % (Accuracy, Acc). ZR1M,
RIS E T R T T AR RS 5 S
WA, AR T IAE 5 A E . TR
FE—DIREERAE 78R, IR I RGERT I
BN HTERE . HEAh, IZRGAIIR TR EROAE fiA%
RS, EH T EHFMCOW Tk 3E AT JE 4 ik = el
HIRTE

SCHR[126] 25 T CNNSLSTM ¥ v 2k 548 I k%)
2%, B 3RE £ iiRange-Doppler ®IE AN, 3k
18 796.67% T R M HER) 3 53,33 % I B 2K
SCHR[127) 38 T —Fh 281 A% 4 B AH 4 I 4% (Linear
Kernel Convolution Neural Network, LKCNN)k
HAEALHFMCW &8 SR B TR A5 5 kA il BA % 12
3, JFRM T FBIRREA LSO, A2 A%
WAL A5 T AT AL 55 /) R ik b B SR RN I ZRad R A %
MR, SEIGEIREW], ZITIARE S LU I 2%
SHMBUNTH R REAS I B B2 5, BB
AERTE. REBBERR . ST,  EIR IR 704
BCRE BRABAS I RRAE B E 7026, BRI A 5 AR B3R
A PBIFEIEL: 1. AR (] HY R B 7 b, 2k

FLRARREEAE, e YR ER MR . HHEE
W, RS AR AR R AR 1 B8 B0

SCHR[128] 185 H FMCW ik B A oK ~F-J7 7]
I EH 5\ Range-Angle, ¥2.5 s 2 M
Range-Angle Bl il A\ 3£ T-ResNet 5 Softmax ¥ 4% |2
for2kes, M T RS RABE . S FREAR
s, BRI E RE TS EE. 243
S QT kA5 42 #5 1) I AOFI BN VE RN o 1B FLI
BT AL T8 8 3 1 RSB ST AL (B 2 2 P s
P, SR ZARIKT 73 RSB RARRIE BB R A,
FE B ABIAEA S AR BRBIFEA EE 1 29 1: 100 1B 00
MR A% 5F1 Scoresr ML F 1791.9%.
93.8%592.9%. REMATH TARRAG T & ANEMk
(45 RAE RS B, AR SRAFAE — e ) .
Je, R R & E 12D T RE M2 Rx R
4, IXEIRAE BRI AR RN = B R JlAs,  HE DAFESE
PRl b 5 . Ak, SRR BIRE A R A2
ANILSEIR, E A DAORUIE A 120 A 2 1) kA5 3
PE(RFR) 5 H LG — ik, Pl R A
BAT I ZR 5 BT SRAFAE — € R PR TE

SCHR[46]) 5 T8 7 H Jwtd 4% (Variational Auto-
Encoder, VAE) FI{i #1248 B 4% (Recurrent Neural
Network, RNN)BTH A M 4%, # Range-
Angle® 5 CFAR B EA M N s 24 RHN,
FOIRESERAE. 05T, LB R UOCR
FH IR & ShAR AT IS, AN P A5 (B i
K)o AEMARBTBL, — B A gk 45 1 57 3 s VR A
RO P A B I S W A5 0y, IR S T 98 % H kA1
RS2 o B2 FU IR R A 5 5 1 A Al
BREAZER )RR, A0F —SAE ., LR
H, A BAE R EIE N IS R ERCR S, IV E
HRBAEEES HHESEP RS . RN, 2%
WFFE 5 SCHR [128) A [R5 AT 25 B8 R AS) A 72 1 1) 4
[T ERMEYE, RN, EWREA S BB A
L1 4:1

#* 2 ETFMCW R A B EMARINR 248
Tab. 2 Summary of research status of falling detection based on FMCW radar

ROEHHT ) REHE JE Rk A5 / kA3

s AR & FEROE g rl Rgekistes pekbep) MU
Jokanovic% A\*/  Range Profile, Range-Doppler Aﬁl(fgizrtlff[g]eu? & = 43:17 Acc: 96%
Tian%s A\ 12 Range-Angle& RIKCNNI K2R & & 450000:293 F1: 0.929
TG 2 \ 120 Range-Doppler & CNN+LSTM P 2 1:1 Ace: 96.67%
WangZs A 127 IFES LKCNN % js 1:1 Acc: 95.24%
Jin% A 10l Az VAE+RNN Zi 5 4:1 Ace: 98%
Li%% A\ 10 Range-Doppler 4 LSTM 2 2 5:1 Ace: 96%
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4 BHEERE

4.1 ARIMKEERM

H A7 E o225 2 T FMOW 5 1A 75 B 97 (g R
SR 2 AN AT T MBS, IS T RER
WA IR TR o 053 i 90 ik Tk 22 305 A G s
NRABARAE, A TE %%, A3 T &
MW TERE . AE R B AR BRARAE WS I AR FE R SR |
— SO T T AR AR AEAT 5 W vt O JUE S A M
WP {52 M I R GRS M, IR T FMCW
T BRIT (i USRI N 5c . 4, FMCWEHIA
BT 2 N TR TR EE AR & N 2 PO R e« IR 2
> 48 B IR NT2 48 2 % 115 5 . Range-Doppler
K. Range-Angle¥%5 % MFMCW & ik F1EAE &,
HE i SHEARPY B BRI FAE, BRI A ST B
EICIRCR RS2 6T

SR, FMCW 85 ik 78 [ 7 £ 5 20 3k (1) 32 FH AT
SRAFAEAE LR ) DA R SR B P (1) B8 SR AU A
HARMEA PR : X T 2 FREERA L SR IT W &,
PLA ] 8k 4, FMOW & IE AN RE I 5 kR 3
AH G B AR BARAE (PP . OB ES), TEVE3REAEY
ETEEE. X—RRMEER R RFRI R
HEEEg R EL. B AT OR B R
RS HMAE, (GG T 75 ZEms
IGRiZWim 5. (2)&#HME: FMCWHIAGESHES
ZRTH, EERITREESUR, XETIALE S ikiE
gy W H PRI AL B AR A AR EAARAE
JE IS AR S . VE 2 0 FUAE BT BEPEAG S 58
I N ORI | I i JE,  an g R 1R
AR, MX T4 R ZH I L%, FMCWEHIEHA
HERMPLTIRAE 1. A, KEZEHETFMCW
TIAH RAGAEIX T T B & P PE 5 E kgt — 2D 0F
flio (3)ZAMERE: Tk, FFE2WFIHETIRE
PR 28 M FMCOW B IS RHEAE 5 B T BT 4 B
Gl SR, HET IR MR 2 8 R Gl
7], X EEH T R AR AR B I AR RE i) . 72111 25
i fEd, K2R 142 N 26 A 7 A
SIEY R, TR RERN SR, XL
RGN T BESLY sz e se A R & ek, K
% A0S g B B ok B Ag et i, IR EEAH AT
BRI B N BE R AP B 7 B VRS . (4) =
JTARAE B 2 L8 B 8 R E KRR A o AR
fasE, —HE LR, XN AR BT R A o2k
W, HOR ST D255 200 52 2 ™ 4 AR HERR 1
AE T gL s &, B iz 8 H
FMCW 81585 7 b T2 KB . 1E 22 K B
W, KRR E, B REHE 2

B 21 R 2 FH T R X M s ik £ BT i e 4,
BB B 22 K B R 5 D) R S5 TR A S 8
o KT A PR R AOAR AR HE S 75 BE 4R 25
AR TR KRS EE, HATIEE AR LT
VS A2 R FIEE AT

4.2 RE

BUARHE 2 AT B S KT 1SS E A P
o PAAEATAT — AN . FMCOW TE B2 97 i B A1
AL, XL B B AT AT 220 T
H S FEROUX — 5 R0 . BEE AR HOR )
NKBRIA R, A 2 Tx, ReRE&R HILS
Frof e BA AN RS 5 EAR A% . 2 TFM-
CW i IS 3R T R RHIE S B A S 2 Ay,
B S R L A AL SR RERE R L, %K
I f RN P RERE > A3 BV HE— D g . H il
FE T EEEEFIL(InPixel 4)F EAERA N
MFMCWEik. E5GHE AR SToTH A, 7] LAF
W, FMCW S IEH S PHRAFHL. B 3L
ar NEL AR, AT RN AT A 35 9 075 D5 T T
T FMCW TR IA [ B2 7 f BRI 28 48 RE S Rt 78 7
HBEFERE Be iR A3 IR S5 e A B 1 8 AR b, SeBlE
AEAFER R IT A BRI 5%« LA, FMCW &Ik fE I
PRI A 3G RIS St H AT, B8 eIk
Jp3 £ /i 28 (Corona Virus Disease 2019, COVID-
19) B2 Oy A ERVE AT AL 29 . £ COV-
ID-19%% &, AEFAIER IR U HE . BT
FMCW T A F B2 97 4d FE s I 28 43¢ 10 1 FH e 06 IR
AL SRR G R AR o

ML B FORBEAT AT, 72 1B 97 fek R 03K
FMCW & 3A7E BLR J7 i (4 8 B 2= 52 31 4R
Gt J TV ORI -

(1) LR : FMCW ik S 0%
HEIIX — S A I T RO RE . R, H AT
W 2 T E 85 5 R 2 ECG 5SCGI Y,
XL T 2 LR BES 3R T AL 0 L E R
G5B . HilCH KEFFRETECGH W& &
ALK B, FMCWE ik B &R H
R B LI BOR I LR I ERT . BT
O MV IR A B AR A, IERECG A BRI
() PN BSCVR TG v e D B0 i RS S S B, T
FMCW ik B R M RE 7y, Tz & 10
LS G 452 AR A o E A

(2) M I 3. 195k, F+TMIMOHIAR,
FMCW TE & X 70 AR BRI . ff B U515
To XAFERENS TG AE B I . R [X AN [F]
LB RN RPN, B, XA B R R
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FEE S . FTFMCW i IA 5 2 1 KX HRange-
Doppler & 5% Z MiRange- Angle K HA [ Wi L5 14
TRIHCRAEN AR E AT e . HETC A2 TFMCW
B2 M A AR b %) i L 9 0 R A SR A0

(3) 1&g R = 1 A P I o A [
RIZ . HAr, FE20% K& LA TR 5 2R
HA2%, FNEF BHOE457075 NP, tehb, iR
BH, ] 15 14 [H 2 % it % 3 (Chronic Obstructive
Pulmonary Disease, COPD) & & NI 140 N2,
A8 P IR 35 ) 30 R R 5 R VP A R T 1)
BAyEAERER X, HAICA R TECGHE
5 A A PR B A AT COP DRI it 511551
A8 P TR 32 25 8 < A OB S P R e T R
SREAR . T FMCW F5 ik BEfE X R SR A fd H
AR FRARAEGEAT I, BT E R e g 2
i Th BEREAT E5 A VEVPAL A B D918 PR W IR ) 7
RIS VTG SR R T B

(4) CoFRABERDUPEAG X0 FR - RE 1) V1
R RST RN H EE T . — SR 0
ERG. WRARGS AN, K%L H
WREEEHFBERER . FMCW 1A G2 I .00 1
RGBS RGP R A A
RO ERSHEAE TS, X H P B LEDRAS TR
IR RFEE IR, 13245 B E RS S
JHR O AR FRAR L o

(5) JETFRTI 9557 2 F e e 55 M35 ) i)
FEEFIER . R, 95857 2 T B B A 5 BT &
NREROCHEN 2, X AT Re il UM 2R R A Z
B AR SS] 2 N AT I Ta) 25 g B B T AR A )
I, % RBOALIBER IR, HEafE
FAEdr . WAk, 5T RV W PR, sk
MR APEIGTT 28« RS0 FHOCH F R WY, BRIR
B DR BRARAE RS S N A4 57 R R0
H A7 A B 705 T FMCW B ik $2 B AR BARAE (S
FREAT I 57 FEVEAL

A J7RE . TR BER TR X% S B AH R )

& % XM

1] LU Shan, WANG Anzhi, JING Shenqi, et al. A study on
service-oriented smart medical systems combined with key
algorithms in the IoT environment[J]. China
Communications, 2019, 16(9): 235-249. doi: 10.23919/JCC.
2019.09.018.

2] AL-MAHMUD O, KHAN K, ROY R, et al. Internet of
things (IoT) based smart health care medical box for

elderly people[C]. 2020 International Conference for

[10]

[11]

[12]

Emerging Technology (INCET), Belgaum, India, 2020:
1-6. doi: 10.1109/INCET49848.2020.9153994.
VILLENEUVE E, HARWIN W, HOLDERBAUM W,
et al. Reconstruction of angular kinematics from wrist-
worn inertial sensor data for smart home healthcare[J].
IEEE Access, 2017, 5: 2351-2363. doi: 10.1109/ACCESS.
2016.2640559.

MAHFOUZ M R, KUHN M J, and TO G. Wireless
medical devices: A review of current research and
commercial systems[C]. 2013 IEEE Topical Conference on
Biomedical Wireless Technologies, Networks, and Sensing
Systems, Austin, USA, 2013: 16-18. doi: 10.1109/
BioWireleSS.2013.6613660.

PARK E, KIM J H, NAM H S, et al. Requirement analysis
and implementation of smart emergency medical
services[J]. IEEE Access, 2018, 6: 42022-42029. doi: 10.
1109/ACCESS.2018.2861711.

LIU Jian, CHEN Yingying, WANG Yan, et al. Monitoring
vital signs and postures during sleep using WiFi signals[J].
IEFEE Internet of Things Journal, 2018, 5(3): 2071-2084.
doi: 10.1109/JI0T.2018.2822818.

WANG Hao, ZHANG Daqing, WANG Yasha, et al. RT-
Fall: A real-time and contactless fall detection system with
commodity WiFi devices[J]. IEEE Transactions on Mobile
Computing, 2017, 16(2): 511-526. doi: 10.1109/TMC.2016.
2557795.

WANG Xuyu, YANG Chao, and MAO Shiwen.
PhaseBeat: Exploiting CSI phase data for vital sign
monitoring with commodity WiFi devices[C]. 2017 IEEE
37th International Conference on Distributed Computing
Systems (ICDCS), Atlanta, USA, 2017: 1230-1239. doi: 10.
1109/ICDCS.2017.206.

LIN Feng, SONG Chen, ZHUANG Yan, et al. Cardiac
scan: A non-contact and continuous heart-based user
authentication system[C]|. The 23rd Annual International
Conference on Mobile Computing and Networking,
Snowbird, USA, 2017: 315-328. doi: 10.1145/3117811.
3117839.

WILL C, SHI K, SCHELLENBERGER 8§, et al. Local
pulse wave detection using continuous wave radar
systems[J]. IEEE Journal of Electromagnetics, RF and
Microwaves in Medicine and Biology, 2017, 1(2): 81-89.
doi: 10.1109/JERM.2017.2766567.

RAHMAN T, ADAMS A T, RAVICHANDRAN R V,
et al. DoppleSleep: A contactless unobtrusive sleep sensing
system using short-range doppler radar[C]|. The 2015 ACM
International Joint Conference on Pervasive and
Ubiquitous Computing, Osaka, Japan, 2015: 39-50. doi: 10.
1145/2750858.2804280.

YANG Yang, HOU Chunping, LANG Yue, et al. Open-set


https://doi.org/10.23919/JCC.2019.09.018
https://doi.org/10.23919/JCC.2019.09.018
https://doi.org/10.23919/JCC.2019.09.018
https://doi.org/10.1109/INCET49848.2020.9153994
https://doi.org/10.1109/INCET49848.2020.9153994
https://doi.org/10.1109/ACCESS.2016.2640559
https://doi.org/10.1109/ACCESS.2016.2640559
https://doi.org/10.1109/ACCESS.2016.2640559
https://doi.org/10.1109/BioWireleSS.2013.6613660
https://doi.org/10.1109/BioWireleSS.2013.6613660
https://doi.org/10.1109/BioWireleSS.2013.6613660
https://doi.org/10.1109/ACCESS.2018.2861711
https://doi.org/10.1109/ACCESS.2018.2861711
https://doi.org/10.1109/ACCESS.2018.2861711
https://doi.org/10.1109/JIOT.2018.2822818
https://doi.org/10.1109/JIOT.2018.2822818
https://doi.org/10.1109/TMC.2016.2557795
https://doi.org/10.1109/TMC.2016.2557795
https://doi.org/10.1109/TMC.2016.2557795
https://doi.org/10.1109/ICDCS.2017.206
https://doi.org/10.1109/ICDCS.2017.206
https://doi.org/10.1109/ICDCS.2017.206
https://doi.org/10.1145/3117811.3117839
https://doi.org/10.1145/3117811.3117839
https://doi.org/10.1145/3117811.3117839
https://doi.org/10.1109/JERM.2017.2766567
https://doi.org/10.1109/JERM.2017.2766567
https://doi.org/10.1145/2750858.2804280
https://doi.org/10.1145/2750858.2804280
https://doi.org/10.1145/2750858.2804280
https://doi.org/10.23919/JCC.2019.09.018
https://doi.org/10.23919/JCC.2019.09.018
https://doi.org/10.23919/JCC.2019.09.018
https://doi.org/10.1109/INCET49848.2020.9153994
https://doi.org/10.1109/INCET49848.2020.9153994
https://doi.org/10.1109/ACCESS.2016.2640559
https://doi.org/10.1109/ACCESS.2016.2640559
https://doi.org/10.1109/ACCESS.2016.2640559
https://doi.org/10.1109/BioWireleSS.2013.6613660
https://doi.org/10.1109/BioWireleSS.2013.6613660
https://doi.org/10.1109/BioWireleSS.2013.6613660
https://doi.org/10.1109/ACCESS.2018.2861711
https://doi.org/10.1109/ACCESS.2018.2861711
https://doi.org/10.1109/ACCESS.2018.2861711
https://doi.org/10.1109/JIOT.2018.2822818
https://doi.org/10.1109/JIOT.2018.2822818
https://doi.org/10.1109/TMC.2016.2557795
https://doi.org/10.1109/TMC.2016.2557795
https://doi.org/10.1109/TMC.2016.2557795
https://doi.org/10.1109/ICDCS.2017.206
https://doi.org/10.1109/ICDCS.2017.206
https://doi.org/10.1109/ICDCS.2017.206
https://doi.org/10.1145/3117811.3117839
https://doi.org/10.1145/3117811.3117839
https://doi.org/10.1145/3117811.3117839
https://doi.org/10.1109/JERM.2017.2766567
https://doi.org/10.1109/JERM.2017.2766567
https://doi.org/10.1145/2750858.2804280
https://doi.org/10.1145/2750858.2804280
https://doi.org/10.1145/2750858.2804280

510

11k

(13]

(14]

(15]

[16]

(17]

(18]

(19]

20]

(21]

22]

human activity recognition based on micro-Doppler
signatures[J]. Pattern Recognition, 2019, 85: 60-69. doi: 10.
1016/j.patcog.2018.07.030.

LARSON E C, GOEL M, BORIELLO G,
SpiroSmart: Using a microphone to measure lung function
on a mobile phone[C]. The 2012 ACM Conference on
Ubiquitous Computing, Pittsburgh, USA, 2012: 280-289.
doi: 10.1145/2370216.2370261.

ZHANG Fusang, WANG Zhi, JIN Beihong, et al. Your

et al.

smart speaker can “hear” your heartbeat![J]. Proceedings
of the ACM on Interactive, Mobile, Wearable and
Ubiquitous Technologies, 2020, 4(4): 161. doi: 10.1145/
3432237.

B . R T 0% P 4 I 2% ) N A k0 A8 47 S U O
FL[D]. (A8 3C], BFRHE K%, 2021.

LU Jiaxin. A research of human pre-impact fall detection
based on deep neural network[D]. [Master dissertation],
University of Electronic Science and Technology of China,
2021.

SADREAZAMI H, BOLIC M, and RAJAN S. Fall
detection using standoff radar-based sensing and deep
convolutional neural network[J]. IEEE Transactions on
Circuits and Systems II:Exzpress Briefs, 2020, 67(1):
197-201. doi: 10.1109/TCSII.2019.2904498.

PENG Zhengyu and LI Changzhi. Portable microwave
radar systems for short-range localization and life tracking:
A review[J]. Sensors, 2019, 19(5): 1136. doi: 10.3390/
$19051136.

JARDAK S, ALOUINI M S, KIURU T, et al. Compact
mmWave FMCW radar: Implementation and performance
analysis[J]. IEEE Aerospace and Electronic Systems
Magazine, 2019, 34(2): 36-44. doi: 10.1109/MAES.2019.
180130.

PATOLE S M, TORLAK M, WANG Dan, et al
Automotive radars: A review of signal processing
techniques[J]. IEEE Signal Processing Magazine, 2017,
34(2): 22-35. doi: 10.1109/MSP.2016.2628914.

LI Changzhi, PENG Zhengyu, HUANG T Y, et al. A
review on recent progress of portable short-range
noncontact microwave radar systems[J]. IEEE
Transactions on Microwave Theory and Techniques, 2017,
65(5): 1692-1706. doi: 10.1109/TMTT.2017.2650911.

ADIB F, MAO Hongzi, KABELAC Z, et al. Smart homes
that monitor breathing and heart rate[C]. The 33rd
Annual ACM Conference on Human Factors in Computing
Systems, Seoul, Republic of Korea, 2015: 837-846. doi: 10.
1145/2702123.2702200.

WANG Fengyu, ZHANG Feng, WU Chenshu, et al. ViMo:
Multiperson vital sign monitoring using commodity

millimeter-wave radio(J]. IEEE Internet of Things Journal,

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

2021, 8(3): 1294-1307. doi: 10.1109/JI0T.2020.3004046.
CHEN Baozhan, QIAO Siyuan, ZHAO Jie, et al. A
security awareness and protection system for 5G smart
healthcare based on zero-trust architecture[J]. JEEE
Internet of Things Journal, 2021, 8(13): 10248-10263.
doi: 10.1109/JI0T.2020.3041042.

2. 24GHz I BUE SR (5 5 B EART (D). [tk
), B REL TR, 2017.

LI Jian. Research on signal processing technology of
24GHz FMCW radar[D]. [Master dissertation], Nanjing
University of Science and Technology, 2017.

BHEH]. O KPEEEE AR DR R [C). WU)14iE(E
F20104F E AR IR, A, 2010: 46-49.

LI Yanli. Research status and progress of millimeter wave
communication technology[C]. Papers of the 2010 Annual
Conference of Sichuan Communications Society, Chengdu,
China, 2010: 46-49.

CHADWICK P E. Regulations and standards for wireless
applications in eHealth[C]. 2007 29th Annual International
Conference of the IEEE Engineering in Medicine and
Biology Society, Lyon, France, 2007: 6170-6173. doi: 10.
1109/IEMBS.2007.4353763.

YANG Xiaodong, FAN Dou, REN Aifeng, et al. Sleep
apnea syndrome sensing at C-band[J]. IEEE Journal of
Translational Engineering in Health and Medicine, 2018, 6:
2701008. doi: 10.1109/JTEHM.2018.2879085.

OHAYON M, WICKWIRE E M, HIRSHKOWITZ M,
et al. National sleep foundation’s sleep quality
recommendations: First report[J]. Sleep Health, 2017, 3(1):
6-19. doi: 10.1016/j.sleh.2016.11.006.

SKHE, WM, P, S S AR SRR RS IR
WFACREE[J]. k¥R, 2018, 7(5): 531-547. doi: 10.12000/
JR18049.

ZHANG Qun, HU Jian, LUO Ying, et al. Research
progresses in radar feature extraction, imaging, and
recognition of target with micro-motions[J]. Journal of
Radars, 2018, 7(5): 531-547. doi: 10.12000/JR18049.
KEBE M, GADHAFI R, MOHAMMAD B, et al. Human
vital signs detection methods and potential using radars: A
review[J]. Sensors, 2020, 20(5): 1454. doi: 10.3390/
$20051454.

Jelts, BT, RIS B IA (R S T SALHE[T]. B
TR, 1998, 26(12): 84-88. doi: 10.3321/j.issn:0372-2112.
1998.12.019.

LONG Teng, MAO Erke, and HE Peikun. Analysis and
processing of modulated frequency stepped radar signal[J].
Acta Electronica Sinica, 1998, 26(12): 84-88. doi: 10.3321/
j.issn:0372-2112.1998.12.019.

LV Hao, JIAO Teng, ZHANG Yang, et al. A novel method

for breath detection via stepped-frequency continuous wave


https://doi.org/10.1016/j.patcog.2018.07.030
https://doi.org/10.1016/j.patcog.2018.07.030
https://doi.org/10.1016/j.patcog.2018.07.030
https://doi.org/10.1145/2370216.2370261
https://doi.org/10.1145/2370216.2370261
https://doi.org/10.1145/3432237
https://doi.org/10.1145/3432237
https://doi.org/10.1145/3432237
https://doi.org/10.1109/TCSII.2019.2904498
https://doi.org/10.1109/TCSII.2019.2904498
https://doi.org/10.3390/s19051136
https://doi.org/10.3390/s19051136
https://doi.org/10.3390/s19051136
https://doi.org/10.1109/MAES.2019.180130
https://doi.org/10.1109/MAES.2019.180130
https://doi.org/10.1109/MAES.2019.180130
https://doi.org/10.1109/MSP.2016.2628914
https://doi.org/10.1109/MSP.2016.2628914
https://doi.org/10.1109/TMTT.2017.2650911
https://doi.org/10.1109/TMTT.2017.2650911
https://doi.org/10.1145/2702123.2702200
https://doi.org/10.1145/2702123.2702200
https://doi.org/10.1145/2702123.2702200
https://doi.org/10.1109/JIOT.2020.3004046
https://doi.org/10.1109/JIOT.2020.3004046
https://doi.org/10.1109/JIOT.2020.3041042
https://doi.org/10.1109/JIOT.2020.3041042
https://doi.org/10.1109/IEMBS.2007.4353763
https://doi.org/10.1109/IEMBS.2007.4353763
https://doi.org/10.1109/IEMBS.2007.4353763
https://doi.org/10.1109/JTEHM.2018.2879085
https://doi.org/10.1109/JTEHM.2018.2879085
https://doi.org/10.1016/j.sleh.2016.11.006
https://doi.org/10.1016/j.sleh.2016.11.006
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049
https://doi.org/10.3390/s20051454
https://doi.org/10.3390/s20051454
https://doi.org/10.3390/s20051454
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.1016/j.patcog.2018.07.030
https://doi.org/10.1016/j.patcog.2018.07.030
https://doi.org/10.1016/j.patcog.2018.07.030
https://doi.org/10.1145/2370216.2370261
https://doi.org/10.1145/2370216.2370261
https://doi.org/10.1145/3432237
https://doi.org/10.1145/3432237
https://doi.org/10.1145/3432237
https://doi.org/10.1109/TCSII.2019.2904498
https://doi.org/10.1109/TCSII.2019.2904498
https://doi.org/10.3390/s19051136
https://doi.org/10.3390/s19051136
https://doi.org/10.3390/s19051136
https://doi.org/10.1109/MAES.2019.180130
https://doi.org/10.1109/MAES.2019.180130
https://doi.org/10.1109/MAES.2019.180130
https://doi.org/10.1109/MSP.2016.2628914
https://doi.org/10.1109/MSP.2016.2628914
https://doi.org/10.1109/TMTT.2017.2650911
https://doi.org/10.1109/TMTT.2017.2650911
https://doi.org/10.1145/2702123.2702200
https://doi.org/10.1145/2702123.2702200
https://doi.org/10.1145/2702123.2702200
https://doi.org/10.1109/JIOT.2020.3004046
https://doi.org/10.1109/JIOT.2020.3004046
https://doi.org/10.1109/JIOT.2020.3041042
https://doi.org/10.1109/JIOT.2020.3041042
https://doi.org/10.1109/IEMBS.2007.4353763
https://doi.org/10.1109/IEMBS.2007.4353763
https://doi.org/10.1109/IEMBS.2007.4353763
https://doi.org/10.1109/JTEHM.2018.2879085
https://doi.org/10.1109/JTEHM.2018.2879085
https://doi.org/10.1016/j.sleh.2016.11.006
https://doi.org/10.1016/j.sleh.2016.11.006
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049
https://doi.org/10.3390/s20051454
https://doi.org/10.3390/s20051454
https://doi.org/10.3390/s20051454
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019
https://doi.org/10.3321/j.issn:0372-2112.1998.12.019

31

T RS FETFMCW R Ik f Ak i 2B 7 Bt SR £33 511

(33]

(34]

(36]

(37

(38]

39]

[40]

ultra-wideband (SFCW UWB) radars based on operational
bandwidth segmentation[J]. Sensors, 2018, 18(11): 3873.
doi: 10.3390/s18113873.

WK, I, R, SF. AEWEBERIPT IR S Bt
FE[J]. 15 BAWFIE, 2010, 36(10): 6-10, 13. doi: 10.3969/j.
issn.1674-4888.2010.10.002.

ZHANG Yang, JTAO Teng, JING Xijing, et al. Current
state and progress of the technology of bioradar[J].
Informatization Research, 2010, 36(10): 6-10, 13. doi: 10.
3969/j.issn.1674-4888.2010.10.002.

WO, R PIE A IE R Bt 5SID). [,
AR B T A B, 2006.

HUANG Wenkui. Design and production of millimeter-
wave automotive radar for collision avoidance
application[D]. [Ph. D. dissertation], University of Chinese
Academy of Sciences, 2006.

U 2 Bl 2 6 T 1A R T 5 ALFR (D). [ i8],
TR, 2018,

ZHAO Kai. Design and signal processing on automotive
anti-collision radar system[D]. [Master dissertation],
Qingdao University of Technology, 2018.

R, B, I, S ARG IR L R S R R
FEOMTHi 71 [T). IR SR, 2016, 5(5): 455-461. doi: 10.
12000/JR16090.

HU Cheng, LIAO Xin, XIANG Yin, et al. Novel analytic
method for determining micro-Doppler measurement
sensitivity in life-detection radar[J]. Journal of Radars,
2016, 5(5): 455-461. doi: 10.12000/JR16090.

DING Chuanwei, HONG Hong, ZOU Yu, et al.
Continuous human motion recognition with a dynamic
range-Doppler trajectory method based on FMCW
radar[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2019, 57(9): 6821-6831. doi: 10.1109/TGRS.2019.
2908758.

BB 4 N BRI B BT SR [T /OL). BT
FEE5 M H, http://kns.cnki.net/kems/detail/11.2127.tp.
20211112.0903.002.html. 2021.

ZHAO Zhenzhen. Research status of elderly fall detection
algorithms[J].
http://kns.cnki.net/kems/detail /11.2127.tp.20211112.0903.
002.html. 2021.

HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al.

Computer Engineering and Applications,

Deep residual learning for image recognition[C]. The 2016
IEEE Conference on Computer Vision and Pattern
Recognition. Las Vegas, USA, 2016: 770-778. doi: 10.1109/
CVPR.2016.90.

LI Haobo, SHRESTHA A, HEIDARI H, et al. Bi-LSTM
network for multimodal continuous human activity
recognition and fall detection[J]. IEEE Sensors Journal,

2020, 20(3): 1191-1201. doi: 10.1109/JSEN.2019.2946095.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

ALANAZI M A, ALHAZMI A K, YAKOPCIC C, et al.
Machine learning models for human fall detection using
millimeter wave sensor[C]. 2021 55th Annual Conference
on Information Sciences and Systems (CISS), Baltimore,
USA, 2021: 1-5. doi: 10.1109/CISS50987.2021.9400259.
BHATTACHARYA A and VAUGHAN R. Deep learning
radar design for breathing and fall detection[J]. IEEE
Sensors Journal, 2020, 20(9): 5072-5085. doi: 10.1109/
JSEN.2020.2967100.

O, 2R, BN, A5, Pl i) MIMO W@ AR E
B D BR B R A FE N BIR D). (55 A0 EE, 2021, 37(11):
2227-2234. doi: 10.16798/j.issn.1003-0530.2021.11.025.
HAN Wenting, LOU Hao, FAN Yang, et al. An improved
joint adaptive algorithm for MIMO bio-radar human target
detection and tracking[J]. Journal of Signal Processing,
2021, 37(11): 2227-2234. doi: 10.16798/j.issn.1003-0530.
2021.11.025.

ADIB F, KABELAC Z, KATABI D, et al. 3D tracking via
body radio reflections[C]. The 11th USENIX Conference on
Networked Systems Design and Implementation, Seattle,
USA, 2014: 317-329.

WANG Fengyu, ZENG Xiaolu, WU Chenshu, et al.
MmHRYV: Contactless heart rate variability monitoring
using millimeter-wave radio[J]. IEEE Internet of Things
Journal, 2021, 8(22): 16623-16636. doi: 10.1109/JIO0T.
2021.3075167.

JIN Feng, SENGUPTA A, and CAO Siyang. MmFall: Fall
detection using 4-D mmWave radar and a hybrid
variational RNN autoencoder|J]. IEEE Transactions on
Automation Science and Engineering, 2020: 1-13. doi: 10.
1109/TASE.2020.3042158.

GUPTA S, RAI P K, KUMAR A, et al. Target
classification by mmWave FMCW radars using machine
learning on range-angle images[J]. IEEE Sensors Journal,
2021, 21(18): 19993-20001. doi: 10.1109/JSEN.2021.
3092583.

ZHANG Feng, WU Chenshu, WANG Beibei, et al.
MmEye: Super-resolution millimeter wave imaging[J].
IEEE Internet of Things Journal, 2021, 8(8): 6995-7008.
doi: 10.1109/JI0T.2020.3037836.

HSU C Y, HRISTOV R, LEE G H, et al. Enabling
identification and behavioral sensing in homes using radio
reflections[C]. The 2019 CHI Conference on Human
Factors in Computing Systems, Glasgow, UK, 2019: 548.
doi: 10.1145/3290605.3300778.

OUAKNINE A, NEWSON A, REBUT J, et al
CARRADA dataset: Camera and automotive radar with
range-angle-Doppler annotations[C]. 2020 25th
International Conference on Pattern Recognition (ICPR),

Milan, Italy, 2021: 5068-5075. doi: 10.1109/ICPR48806.


https://doi.org/10.3390/s18113873
https://doi.org/10.3390/s18113873
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.12000/JR16090
https://doi.org/10.12000/JR16090
https://doi.org/10.12000/JR16090
https://doi.org/10.12000/JR16090
https://doi.org/10.1109/TGRS.2019.2908758
https://doi.org/10.1109/TGRS.2019.2908758
https://doi.org/10.1109/TGRS.2019.2908758
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/JSEN.2019.2946095
https://doi.org/10.1109/JSEN.2019.2946095
https://doi.org/10.1109/CISS50987.2021.9400259
https://doi.org/10.1109/CISS50987.2021.9400259
https://doi.org/10.1109/JSEN.2020.2967100
https://doi.org/10.1109/JSEN.2020.2967100
https://doi.org/10.1109/JSEN.2020.2967100
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.1109/JIOT.2021.3075167
https://doi.org/10.1109/JIOT.2021.3075167
https://doi.org/10.1109/JIOT.2021.3075167
https://doi.org/10.1109/TASE.2020.3042158
https://doi.org/10.1109/TASE.2020.3042158
https://doi.org/10.1109/TASE.2020.3042158
https://doi.org/10.1109/JSEN.2021.3092583
https://doi.org/10.1109/JSEN.2021.3092583
https://doi.org/10.1109/JSEN.2021.3092583
https://doi.org/10.1109/JIOT.2020.3037836
https://doi.org/10.1109/JIOT.2020.3037836
https://doi.org/10.1145/3290605.3300778
https://doi.org/10.1145/3290605.3300778
https://doi.org/10.1109/ICPR48806.2021.9413181
https://doi.org/10.1109/ICPR48806.2021.9413181
https://doi.org/10.3390/s18113873
https://doi.org/10.3390/s18113873
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.3969/j.issn.1674-4888.2010.10.002
https://doi.org/10.12000/JR16090
https://doi.org/10.12000/JR16090
https://doi.org/10.12000/JR16090
https://doi.org/10.12000/JR16090
https://doi.org/10.1109/TGRS.2019.2908758
https://doi.org/10.1109/TGRS.2019.2908758
https://doi.org/10.1109/TGRS.2019.2908758
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
http://kns.cnki.net/kcms/detail/11.2127.tp.20211112.0903.002.html
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1109/JSEN.2019.2946095
https://doi.org/10.1109/JSEN.2019.2946095
https://doi.org/10.1109/CISS50987.2021.9400259
https://doi.org/10.1109/CISS50987.2021.9400259
https://doi.org/10.1109/JSEN.2020.2967100
https://doi.org/10.1109/JSEN.2020.2967100
https://doi.org/10.1109/JSEN.2020.2967100
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.16798/j.issn.1003-0530.2021.11.025
https://doi.org/10.1109/JIOT.2021.3075167
https://doi.org/10.1109/JIOT.2021.3075167
https://doi.org/10.1109/JIOT.2021.3075167
https://doi.org/10.1109/TASE.2020.3042158
https://doi.org/10.1109/TASE.2020.3042158
https://doi.org/10.1109/TASE.2020.3042158
https://doi.org/10.1109/JSEN.2021.3092583
https://doi.org/10.1109/JSEN.2021.3092583
https://doi.org/10.1109/JSEN.2021.3092583
https://doi.org/10.1109/JIOT.2020.3037836
https://doi.org/10.1109/JIOT.2020.3037836
https://doi.org/10.1145/3290605.3300778
https://doi.org/10.1145/3290605.3300778
https://doi.org/10.1109/ICPR48806.2021.9413181
https://doi.org/10.1109/ICPR48806.2021.9413181

512

11k

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

2021.9413181.

Wi, skolkoR. BT3B B i m il 7rik (1), ¥
HAEHR, 2016, 65(16): 194101, doi: 10.7498/aps.65.194101.
CHEN Gong and ZHANG Yerong. A method of detecting
stomach tumour based on capsule endoscopy[J]. Acta
Physica Sinica, 2016, 65(16): 194101. doi: 10.7498/aps.65.
194101.

REIMER T, SACRISTAN J, and PISTORIUS 8.
Improving the diagnostic capability of microwave radar
imaging systems using machine learning[C]. 2019 13th
European Conference on Antennas and Propagation
(EuCAP), Krakow, Poland, 2019: 1-5.

OMER M, MOJABI P, KURRANT D, et al. Proof-of-
concept of the incorporation of ultrasound-derived
structural information into microwave radar imaging[J].
IEEE Journal on Multiscale and Multiphysics
Computational Techniques, 2018, 3: 129-139. doi: 10.1109/
JMMCT.2018.2865111.

INAN O T, MIGEOTTE P F, PARK K S, et al
Ballistocardiography and seismocardiography: A review of
recent advances|J]. IEEE Journal of Biomedical and Health
Informatics, 2015, 19(4): 1414-1427. doi: 10.1109/JBHI.
2014.2361732.

TAEBI A, SOLAR B E, BOMAR A J, et al. Recent
advances in seismocardiography[J]. Vibration, 2019, 2(1):
64-86. doi: 10.3390/vibration2010005.

MERCURI M, LORATO I R, LIU Yaohong, et al. Vital-
sign monitoring and spatial tracking of multiple people
using a contactless radar-based sensor[J]. Nature
Electronics, 2019, 2(6): 252-262. doi: 10.1038/341928-019-
0258-6.

MERCURI M, LU Yiting, POLITO S, et al. Enabling
robust radar-based localization and vital signs monitoring
in multipath propagation environments[J]. IEEFE
Transactions on Biomedical Engineering, 2021, 68(11):
3228-3240. doi: 10.1109/TBME.2021.3066876.

CHEN Feng, JIANG Xiaonan, JEONG M G, et al.
Multitarget vital signs measurement with chest motion
imaging based on MIMO radar[J]. IEEE Transactions on
Microwave Theory and Techniques, 2021, 69(11):
4735-4747. doi: 10.1109/TMTT.2021.3076239.

SUN Li, HUANG Shuaiming, LI Yusheng, et al. Remote
measurement of human vital signs based on joint-range
adaptive EEMDI[J]. IEEE Access, 2020, 8: 68514-68524.
doi: 10.1109/ACCESS.2020.2985286.

TODA D, ANZAI R, ICHIGE K, et al. ECG signal
reconstruction using FMCW radar and convolutional
neural network[C]. 2021 20th International Symposium on
Communications and Information Technologies (ISCIT),

Tottori, Japan, 2021: 176-181. doi: 10.1109/ISCIT52804.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

(69]

[70]

2021.9590627.
HA U, ASSANA S,
seismocardiography via deep learning radars[C]. The 26th

and ADIB F. Contactless

Annual International Conference on Mobile Computing
and Networking, London, United Kingdom, 2020: 62.
doi: 10.1145/3372224.3419982.

RONNEBERGER O, FISCHER P, and BROX T. U-net:
Convolutional networks for biomedical image
segmentation[C]. 18th International Conference on Medical
Image Computing and Computer-Assisted Intervention,
Munich, Germany, 2015: 234-241. doi: 10.1007/978-3-319-
24574-4 28.

ZHENG Tianyue, CHEN Zhe, CAI Chao, et al. V2iFi: In-
vehicle vital sign monitoring via compact RF sensing[J].
Proceedings of the ACM on Interactive, Mobile, Wearable
and Ubiquitous Technologies, 2020, 4(2): 70. doi: 10.1145/
3397321.

CHEN Zhe, ZHENG Tianyue, CAI Chao, et al. MoVi-Fi:
Motion-robust vital signs waveform recovery via deep
interpreted RF sensing[C]|. The 27th Annual International
Conference on Mobile Computing and Networking, New
Orleans, USA, 2021: 392-405. doi: 10.1145/3447993.
3483251.

AHMAD A, ROH J C, WANG Dan, et al. Vital signs
monitoring of multiple people using a FMCW millimeter-
wave sensor[C]. 2018 IEEE Radar Conference
(RadarConf18), Oklahoma City, USA, 2018: 1450-1455.
doi: 10.1109/RADAR.2018.8378778.

MERCURI M, SACCO G, HORNUNG R, et al. 2-D
localization, angular separation and vital signs monitoring
using a SISO FMCW radar for smart long-term health
monitoring environments[J]. IEEE Internet of Things
Journal, 2021, 8(14): 11065-11077. doi: 10.1109/JIO0T.
2021.3051580.

i, SR BT & RN R R AR R A S
OB B VR[], HIEFHH, 2016, 5(5): 462-469. doi: 10.
12000/JR16103.

HU Xikun and JIN Tian. Adaptive wavelet scale selection-
based method for separating respiration and heartbeat in
bio-radars[J]. Journal of Radars, 2016, 5(5): 462-469.
doi: 10.12000/JR16103.

HE Mi, NIAN Yongjian, and GONG Yushun. Novel signal
processing method for vital sign monitoring using FMCW
radar[J]. Biomedical Signal Processing and Control, 2017,
33: 335-345. doi: 10.1016/j.bspc.2016.12.008.
DRAGOMIRETSKIY K and ZOSSO D. Variational mode
decomposition[J]. IEEE Transactions on Signal Processing,
2014, 62(3): 531-544. doi: 10.1109/TSP.2013.2288675.
RIBEIRO A H, RIBEIRO M H, PAIXAO G M M, et al.
Automatic diagnosis of the 12-lead ECG using a deep


https://doi.org/10.1109/ICPR48806.2021.9413181
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.1109/JMMCT.2018.2865111
https://doi.org/10.1109/JMMCT.2018.2865111
https://doi.org/10.1109/JMMCT.2018.2865111
https://doi.org/10.1109/JBHI.2014.2361732
https://doi.org/10.1109/JBHI.2014.2361732
https://doi.org/10.1109/JBHI.2014.2361732
https://doi.org/10.3390/vibration2010005
https://doi.org/10.3390/vibration2010005
https://doi.org/10.1038/s41928-019-0258-6
https://doi.org/10.1038/s41928-019-0258-6
https://doi.org/10.1038/s41928-019-0258-6
https://doi.org/10.1109/TBME.2021.3066876
https://doi.org/10.1109/TBME.2021.3066876
https://doi.org/10.1109/TMTT.2021.3076239
https://doi.org/10.1109/TMTT.2021.3076239
https://doi.org/10.1109/ACCESS.2020.2985286
https://doi.org/10.1109/ACCESS.2020.2985286
https://doi.org/10.1109/ISCIT52804.2021.9590627
https://doi.org/10.1109/ISCIT52804.2021.9590627
https://doi.org/10.1109/ISCIT52804.2021.9590627
https://doi.org/10.1145/3372224.3419982
https://doi.org/10.1145/3372224.3419982
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1145/3397321
https://doi.org/10.1145/3397321
https://doi.org/10.1145/3397321
https://doi.org/10.1145/3447993.3483251
https://doi.org/10.1145/3447993.3483251
https://doi.org/10.1145/3447993.3483251
https://doi.org/10.1109/RADAR.2018.8378778
https://doi.org/10.1109/RADAR.2018.8378778
https://doi.org/10.1109/JIOT.2021.3051580
https://doi.org/10.1109/JIOT.2021.3051580
https://doi.org/10.1109/JIOT.2021.3051580
https://doi.org/10.12000/JR16103
https://doi.org/10.12000/JR16103
https://doi.org/10.12000/JR16103
https://doi.org/10.12000/JR16103
https://doi.org/10.1016/j.bspc.2016.12.008
https://doi.org/10.1016/j.bspc.2016.12.008
https://doi.org/10.1109/TSP.2013.2288675
https://doi.org/10.1109/TSP.2013.2288675
https://doi.org/10.1109/ICPR48806.2021.9413181
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.7498/aps.65.194101
https://doi.org/10.1109/JMMCT.2018.2865111
https://doi.org/10.1109/JMMCT.2018.2865111
https://doi.org/10.1109/JMMCT.2018.2865111
https://doi.org/10.1109/JBHI.2014.2361732
https://doi.org/10.1109/JBHI.2014.2361732
https://doi.org/10.1109/JBHI.2014.2361732
https://doi.org/10.3390/vibration2010005
https://doi.org/10.3390/vibration2010005
https://doi.org/10.1038/s41928-019-0258-6
https://doi.org/10.1038/s41928-019-0258-6
https://doi.org/10.1038/s41928-019-0258-6
https://doi.org/10.1109/TBME.2021.3066876
https://doi.org/10.1109/TBME.2021.3066876
https://doi.org/10.1109/TMTT.2021.3076239
https://doi.org/10.1109/TMTT.2021.3076239
https://doi.org/10.1109/ACCESS.2020.2985286
https://doi.org/10.1109/ACCESS.2020.2985286
https://doi.org/10.1109/ISCIT52804.2021.9590627
https://doi.org/10.1109/ISCIT52804.2021.9590627
https://doi.org/10.1109/ISCIT52804.2021.9590627
https://doi.org/10.1145/3372224.3419982
https://doi.org/10.1145/3372224.3419982
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1145/3397321
https://doi.org/10.1145/3397321
https://doi.org/10.1145/3397321
https://doi.org/10.1145/3447993.3483251
https://doi.org/10.1145/3447993.3483251
https://doi.org/10.1145/3447993.3483251
https://doi.org/10.1109/RADAR.2018.8378778
https://doi.org/10.1109/RADAR.2018.8378778
https://doi.org/10.1109/JIOT.2021.3051580
https://doi.org/10.1109/JIOT.2021.3051580
https://doi.org/10.1109/JIOT.2021.3051580
https://doi.org/10.12000/JR16103
https://doi.org/10.12000/JR16103
https://doi.org/10.12000/JR16103
https://doi.org/10.12000/JR16103
https://doi.org/10.1016/j.bspc.2016.12.008
https://doi.org/10.1016/j.bspc.2016.12.008
https://doi.org/10.1109/TSP.2013.2288675
https://doi.org/10.1109/TSP.2013.2288675

31

T RS FETFMCW R Ik f Ak i 2B 7 Bt SR £33 513

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

neural network[J]. Nature Communications, 2020, 11(1):
1760. doi: 10.1038/s41467-020-15432-4.

ZHAO Mingmin, ADIB F, and KATABI D. Emotion
recognition using wireless signals[C]. The 22nd Annual
International Conference on Mobile Computing and
Networking, New York, USA, 2016: 95-108. doi: 10.1145/
2973750.2973762.

UR REHMAN N and AFTAB H. Multivariate variational
mode decomposition[J]. IEEE Transactions on Signal
Processing, 2019, 67(23): 6039-6052. doi: 10.1109/TSP.
2019.2951223.

CHEN Ting, KORNBLITH S, NOROUZI M, et al. A
simple framework for contrastive learning of visual
representations[C]. The 37th International Conference on
Machine Learning, Vienna, Austria, 2020: 1597-1607.

hw o, W, BAEK, % SFCWAEMTIE NMEYUR Eizs)
155 W Z H 8RR ER w7 % L [J]. HEBEST 8%, 2016,
31(2): 39-43, 94. doi: 10.3969/j.issn.1674-1633.2016.02.009.
QI Fugui, YUE Chao, LIANG Fulai, et al. A study on the
micro-Doppler signature enhanced technique for the finer-
grained human activity signal acquired by the SFCW bio-
radar[J]. China Medical Devices, 2016, 31(2): 39-43, 94.
doi: 10.3969/j.issn.1674-1633.2016.02.009.

skt B, T, & BT EEL HR BRI E A
HARMB T[], BT DA%, 2016, 37(8): 10-13. doi: 10.
7687/J.ISSN1003-8868.2016.08.010.

ZHANG Yang, LYU Hao, YU Xiao, et al. Research of
through-wall detection and location technique for
multihuman targets using ultra wideband radar[J]. Chinese
Medical Equipment Journal, 2016, 37(8): 10-13. doi: 10.
7687/J.ISSN1003-8868.2016.08.010.

MA Yangyang, WANG Pengfei, XUE Huijun, et al. Non-
contact vital states identification of trapped living bodies
using ultra-wideband bio-radar[J]. IEEE Access, 2020, 9:
6550-6559. doi: 10.1109/ACCESS.2020.3048381.

LIANG Fulai, LI Haonan, LIU Miao, et al. Autofocusing
method for through-the-wall bioradar imagery of human
vital signs[J]. The Journal of Engineering, 2019, 2019(21):
7597-7600. doi: 10.1049/joe.2019.0540.

TR, EBRE. R MURM IS TR Y], BB,
2021, 10(2): 183-190. doi: 10.12000/JR21049.

LI Lianlin and CUI Tiejun. Recent progress in intelligent
electromagnetic sensing[J]. Journal of Radars, 2021, 10(2):
183-190. doi: 10.12000/JR21049.

LI Lianlin, SHUANG Ya, MA Qian, et al. Intelligent
metasurface imager and recognizer[J]. Light:Science &
Applications, 2019, 8(1): 97. doi: 10.1038/s41377-019-02
09-z.

LIU Zhenyu, KONG Yongan, ZHANG Xin, et al. Vital

sign extraction in the presence of radar mutual

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

interference[J]. IEEE Signal Processing Letters, 2020, 27:
1745-1749. doi: 10.1109/LSP.2020.3026942.

ZHANG Yang, QI Fugui, LV Hao, et al. Bioradar
technology: Recent research and advancements[J]. IEEE
Microwave Magazine, 2019, 20(8): 58-73. doi: 10.1109/
MMM.2019.2915491.

HUANG Xinming, SUN Ling, TIAN Tian, et al. Real-time
non-contact infant respiratory monitoring using UWB
radar[C]. 2015 IEEE 16th International Conference on
Communication Technology (ICCT), Hangzhou, China,
2015: 493-496. doi: 10.1109/ICCT.2015.7399885.

LI Chuantao, CHEN Fuming, JIN Jingxi, et al. A method
for remotely sensing vital signs of human subjects
outdoors[J]. Sensors, 2015, 15(7): 14830-14844. doi: 10.
3390/s150714830.

B, BEEH, B2, 5. AFERMAERE SR NER]T]. B
[ BEI7 4%, 2013, 28(11): 5-8, 80. doi: 10.3969/].issn.1674-
1633.2013.11.002.

WANG Jiangi, XUE Huijun, LV Hao, et al. Non-contact
detection technology for physiological signals[J]. Chinese
Medical Devices, 2013, 28(11): 5-8, 80. doi: 10.3969/j.issn.
1674-1633.2013.11.002.

KUMAR S S, DASHTIPOUR K, ABBASI Q H, et al. A
review on wearable and contactless sensing for COVID-19
with policy challenges[J]. Frontiers in Communications
and Networks, 2021, 2: 636293. doi: 10.3389/frcmn.2021.
636293.

FAEBL, FEE, TR, & PR, ORI A IR
MRS ST, PEESTHMAEE, 2001, 25(3):
132-135.

WANG Jiangi, WANG Haibing, JING Xijing, et al. The
study on non-contact detection of breathing and heartbeat
based on radar principles[J] Chinese Journal of Medical
Instrumentation, 2001, 25(3): 132-135.

SCHMIECH D, MULLER S, and DIEWALD A R. 4-
channel I/Q-radar system for vital sign monitoring in a
baby incubator[C]. 2018 19th International Radar
Symposium (IRS), Bonn, Germany, 2018: 1-9. doi: 10.
23919/IRS.2018.8448163.

SUN Guanghao, OKADA M, NAKAMURA R, et al.
Twenty - four - hour continuous and remote monitoring of
respiratory rate using a medical radar system for the early
detection of pneumonia in symptomatic elderly bedridden
hospitalized patients[J]. Clinical Case Reports, 2019, 7(1):
83-86. doi: 10.1002/ccr3.1922.

ADHIKARI A, HETHERINGTON A, and SUR S.
MmFlow: Facilitating at-home spirometry with 5G smart
devices[C]. 2021 18th Annual IEEE International
Conference on Sensing, Communication, and Networking

(SECON), Rome, Italy, 2021: 1-9. doi: 10.1109/


https://doi.org/10.1038/s41467-020-15432-4
https://doi.org/10.1038/s41467-020-15432-4
https://doi.org/10.1145/2973750.2973762
https://doi.org/10.1145/2973750.2973762
https://doi.org/10.1145/2973750.2973762
https://doi.org/10.1109/TSP.2019.2951223
https://doi.org/10.1109/TSP.2019.2951223
https://doi.org/10.1109/TSP.2019.2951223
https://doi.org/10.3969/j.issn.1674-1633.2016.02.009
https://doi.org/10.3969/j.issn.1674-1633.2016.02.009
https://doi.org/10.3969/j.issn.1674-1633.2016.02.009
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.1109/ACCESS.2020.3048381
https://doi.org/10.1109/ACCESS.2020.3048381
https://doi.org/10.1049/joe.2019.0540
https://doi.org/10.1049/joe.2019.0540
https://doi.org/10.12000/JR21049
https://doi.org/10.12000/JR21049
https://doi.org/10.12000/JR21049
https://doi.org/10.1038/s41377-019-0209-z
https://doi.org/10.1038/s41377-019-0209-z
https://doi.org/10.1038/s41377-019-0209-z
https://doi.org/10.1109/LSP.2020.3026942
https://doi.org/10.1109/LSP.2020.3026942
https://doi.org/10.1109/MMM.2019.2915491
https://doi.org/10.1109/MMM.2019.2915491
https://doi.org/10.1109/MMM.2019.2915491
https://doi.org/10.1109/ICCT.2015.7399885
https://doi.org/10.1109/ICCT.2015.7399885
https://doi.org/10.3390/s150714830
https://doi.org/10.3390/s150714830
https://doi.org/10.3390/s150714830
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3389/frcmn.2021.636293
https://doi.org/10.3389/frcmn.2021.636293
https://doi.org/10.3389/frcmn.2021.636293
https://doi.org/10.23919/IRS.2018.8448163
https://doi.org/10.23919/IRS.2018.8448163
https://doi.org/10.23919/IRS.2018.8448163
https://doi.org/10.1002/ccr3.1922
https://doi.org/10.1002/ccr3.1922
https://doi.org/10.1109/SECON52354.2021.9491616
https://doi.org/10.1109/SECON52354.2021.9491616
https://doi.org/10.1038/s41467-020-15432-4
https://doi.org/10.1038/s41467-020-15432-4
https://doi.org/10.1145/2973750.2973762
https://doi.org/10.1145/2973750.2973762
https://doi.org/10.1145/2973750.2973762
https://doi.org/10.1109/TSP.2019.2951223
https://doi.org/10.1109/TSP.2019.2951223
https://doi.org/10.1109/TSP.2019.2951223
https://doi.org/10.3969/j.issn.1674-1633.2016.02.009
https://doi.org/10.3969/j.issn.1674-1633.2016.02.009
https://doi.org/10.3969/j.issn.1674-1633.2016.02.009
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.7687/J.ISSN1003-8868.2016.08.010
https://doi.org/10.1109/ACCESS.2020.3048381
https://doi.org/10.1109/ACCESS.2020.3048381
https://doi.org/10.1049/joe.2019.0540
https://doi.org/10.1049/joe.2019.0540
https://doi.org/10.12000/JR21049
https://doi.org/10.12000/JR21049
https://doi.org/10.12000/JR21049
https://doi.org/10.1038/s41377-019-0209-z
https://doi.org/10.1038/s41377-019-0209-z
https://doi.org/10.1038/s41377-019-0209-z
https://doi.org/10.1109/LSP.2020.3026942
https://doi.org/10.1109/LSP.2020.3026942
https://doi.org/10.1109/MMM.2019.2915491
https://doi.org/10.1109/MMM.2019.2915491
https://doi.org/10.1109/MMM.2019.2915491
https://doi.org/10.1109/ICCT.2015.7399885
https://doi.org/10.1109/ICCT.2015.7399885
https://doi.org/10.3390/s150714830
https://doi.org/10.3390/s150714830
https://doi.org/10.3390/s150714830
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3969/j.issn.1674-1633.2013.11.002
https://doi.org/10.3389/frcmn.2021.636293
https://doi.org/10.3389/frcmn.2021.636293
https://doi.org/10.3389/frcmn.2021.636293
https://doi.org/10.23919/IRS.2018.8448163
https://doi.org/10.23919/IRS.2018.8448163
https://doi.org/10.23919/IRS.2018.8448163
https://doi.org/10.1002/ccr3.1922
https://doi.org/10.1002/ccr3.1922
https://doi.org/10.1109/SECON52354.2021.9491616
https://doi.org/10.1109/SECON52354.2021.9491616

514 RN ERRES
SECON52354.2021.9491616. 2017.316.

[90] JORGENSEN G, DOWNEY C, GOLDIN J, et al. An [100] GOTTLIEB D J and PUNJABI N M. Diagnosis and
australasian commentary on the AASM manual for the management of obstructive sleep apnea: A review[J].
scoring of sleep and associated events[J]. Sleep and JAMA, 2020, 323(14): 1389-1400. doi: 10.1001/jama.2020.
Biological Rhythms, 2020, 18(3): 163-185. doi: 10.1007/ 3514.
$41105-020-00259-9. [101] THOMAS R J, MIETUS J E, PENG C K, et al.

[91] BONNET M H and ARAND D L. Heart rate variability: Differentiating obstructive from central and complex sleep
Sleep stage, time of night, and arousal influences[J]. apnea using an automated electrocardiogram-based
Electroencephalography and Clinical Neurophysiology, method[J]. Sleep, 2007, 30(12): 1756-1769. doi: 10.1093/
1997, 102(5): 390-396. doi: 10.1016/S0921-884X(96)960 sleep/30.12.1756.

70-1. (102] BABOLI M, SINGH A, SOLL B, et al. Wireless sleep

[92] /R, EEE, XFE, & EIRMN G CAP 5 REIR R apnea detection using continuous wave quadrature Doppler
EIPAG[T). R EIGROEF R, 2013, 21(6): 920-923. doi: radar[J]. IEEE Sensors Journal, 2020, 20(1): 538-545.
10.16128/J.CNKI.1005-3611.2013.06.030. doi: 10.1109/JSEN.2019.2941198.

PENG Xiaohu, WANG Guofeng, LIU Jun, et al. Sleep [103] MENDONCA F, MOSTAFA S S, RAVELO-GARCIA A G,
microstructure—CAP and sleep quality assessment[J]. et al. A review of obstructive sleep apnea detection
Chinese Journal of Clinical Psychology, 2013, 21(6): approaches[J]. IEEE Journal of Biomedical and Health
920-923. doi: 10.16128/J.CNKI.1005-3611.2013.06.030. Informatics, 2019, 23(2): 825-837. doi: 10.1109/JBHI.2018.
[93] FONSECA P, DEN TEULING N, LONG Xi, et al. 2823265.
Cardiorespiratory sleep stage detection using conditional [104] NANDAKUMAR R, GOLLAKOTA S, and WATSON N.
random fields[J]. IEEE Journal of Biomedical and Health Contactless sleep apnea detection on smartphones[C]. The
Informatics, 2017, 21(4): 956-966. doi: 10.1109/JBHI.2016. 13th Annual International Conference on Mobile Systems,
2550104. Applications, and Services, Florence, Italy, 2015: 45-57.
[94] SCHULZ S, ADOCHIEI F C, EDU I R, et al. doi: 10.1145/2742647.2742674.
Cardiovascular and cardiorespiratory coupling analyses: A [105] ISLAM S M M, RAHMAN A, YAVARI E, et al. Identity
review([J]. Philosophical Transactions. Series A, authentication of OSA patients using microwave doppler
Mathematical, Physical and Engineering Sciences, 2013, radar and machine learning classifiers[C]. 2020 IEEE Radio
371(1997): 20120191. doi: 10.1098/rsta.2012.0191. and Wireless Symposium (RWS), San Antonio, USA, 2020:

[95) BARTSCH R P, LIU K K L, MA Q D Y, et al. Three 251-254. doi: 10.1109/RWS45077.2020.9049983.
independent forms of cardio-respiratory coupling: [106] ARSALAN M, SANTRA A, and WILL C. Improved
Transitions across sleep stages[C]. Computing in contactless heartbeat estimation in FMCW radar via
Cardiology 2014, Cambridge, USA, 2014: 781-784. Kalman filter tracking[J]. IEEE Sensors Letters, 2020,

[96] LONG Xi, FOUSSIER J, FONSECA P, et al. Analyzing 4(5): 1-4. doi: 10.1109/LSENS.2020.2983706.
respiratory effort amplitude for automated sleep stage [107] WANG Qisong, DONG Zhening, LIU Dan, et al.
classification[J]. Biomedical Signal Processing and Control, Frequency-modulated continuous wave radar respiratory
2014, 14: 197-205. doi: 10.1016/j.bspc.2014.08.001. pattern detection technology based on multifeature[J].

[97] HSU CY, AHUJA A, YUE Shichao, et al. Zero-Effort in- Journal of Healthcare Engineering, 2021, 2021: 9376662.
home sleep and insomnia monitoring using radio signals[J]. doi: 10.1155/2021/9376662.

Proceedings of the ACM on Interactive, Mobile, Wearable [108) BAHAMMAM A S, TATE R, MANFREDA J, et al.
and Ubiquitous Technologies, 2017, 1(3): 1-18. doi: 10. Upper airway resistance syndrome: Effect of nasal dilation,
1145/3130924. sleep stage, and sleep position[J]. Sleep, 1999, 22(5):
[98] ZHAO Mingmin, YUE Shichao, KATABI D, et al. 592-598. doi: 10.1093/sleep/22.5.592.
Learning sleep stages from radio signals: A conditional [109] GU Weixi, SHANGGUAN Longfei, YANG Zheng, et al.
adversarial architecture[C]. The 34th International Sleep hunter: Towards fine grained sleep stage tracking
Conference on Machine Learning, Sydney, Australia, 2017: with smartphones[J]. IEEE Transactions on Mobile
4100-4109. Computing, 2016, 15(6): 1514-1527. doi: 10.1109/TMC.

[99] TZENG E, HOFFMAN J, SAENKO K, et al. Adversarial 2015.2462812.

discriminative domain adaptation[C]. The IEEE [110] MENON A and KUMAR M. Influence of body position on

Conference on Computer Vision and Pattern Recognition,

Honolulu, USA, 2017: 7167-7176. doi: 10.1109/CVPR.

severity of obstructive sleep apnea: A systematic review[J].

International Scholarly Research Notices, 2013, 2013:


https://doi.org/10.1109/SECON52354.2021.9491616
https://doi.org/10.1007/s41105-020-00259-9
https://doi.org/10.1007/s41105-020-00259-9
https://doi.org/10.1007/s41105-020-00259-9
https://doi.org/10.1016/S0921-884X(96)96070-1
https://doi.org/10.1016/S0921-884X(96)96070-1
https://doi.org/10.1016/S0921-884X(96)96070-1
https://doi.org/10.16128/J.CNKI.1005-3611.2013.06.030
https://doi.org/10.16128/J.CNKI.1005-3611.2013.06.030
https://doi.org/10.16128/J.CNKI.1005-3611.2013.06.030
https://doi.org/10.1109/JBHI.2016.2550104
https://doi.org/10.1109/JBHI.2016.2550104
https://doi.org/10.1109/JBHI.2016.2550104
https://doi.org/10.1098/rsta.2012.0191
https://doi.org/10.1098/rsta.2012.0191
https://doi.org/10.1016/j.bspc.2014.08.001
https://doi.org/10.1016/j.bspc.2014.08.001
https://doi.org/10.1145/3130924
https://doi.org/10.1145/3130924
https://doi.org/10.1145/3130924
https://doi.org/10.1109/CVPR.2017.316
https://doi.org/10.1109/CVPR.2017.316
https://doi.org/10.1109/CVPR.2017.316
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1093/sleep/30.12.1756
https://doi.org/10.1093/sleep/30.12.1756
https://doi.org/10.1093/sleep/30.12.1756
https://doi.org/10.1109/JSEN.2019.2941198
https://doi.org/10.1109/JSEN.2019.2941198
https://doi.org/10.1109/JBHI.2018.2823265
https://doi.org/10.1109/JBHI.2018.2823265
https://doi.org/10.1109/JBHI.2018.2823265
https://doi.org/10.1145/2742647.2742674
https://doi.org/10.1145/2742647.2742674
https://doi.org/10.1109/RWS45077.2020.9049983
https://doi.org/10.1109/RWS45077.2020.9049983
https://doi.org/10.1109/LSENS.2020.2983706
https://doi.org/10.1109/LSENS.2020.2983706
https://doi.org/10.1155/2021/9376662
https://doi.org/10.1155/2021/9376662
https://doi.org/10.1093/sleep/22.5.592
https://doi.org/10.1093/sleep/22.5.592
https://doi.org/10.1109/TMC.2015.2462812
https://doi.org/10.1109/TMC.2015.2462812
https://doi.org/10.1109/TMC.2015.2462812
https://doi.org/10.1109/SECON52354.2021.9491616
https://doi.org/10.1007/s41105-020-00259-9
https://doi.org/10.1007/s41105-020-00259-9
https://doi.org/10.1007/s41105-020-00259-9
https://doi.org/10.1016/S0921-884X(96)96070-1
https://doi.org/10.1016/S0921-884X(96)96070-1
https://doi.org/10.1016/S0921-884X(96)96070-1
https://doi.org/10.16128/J.CNKI.1005-3611.2013.06.030
https://doi.org/10.16128/J.CNKI.1005-3611.2013.06.030
https://doi.org/10.16128/J.CNKI.1005-3611.2013.06.030
https://doi.org/10.1109/JBHI.2016.2550104
https://doi.org/10.1109/JBHI.2016.2550104
https://doi.org/10.1109/JBHI.2016.2550104
https://doi.org/10.1098/rsta.2012.0191
https://doi.org/10.1098/rsta.2012.0191
https://doi.org/10.1016/j.bspc.2014.08.001
https://doi.org/10.1016/j.bspc.2014.08.001
https://doi.org/10.1145/3130924
https://doi.org/10.1145/3130924
https://doi.org/10.1145/3130924
https://doi.org/10.1109/CVPR.2017.316
https://doi.org/10.1109/CVPR.2017.316
https://doi.org/10.1109/CVPR.2017.316
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1093/sleep/30.12.1756
https://doi.org/10.1093/sleep/30.12.1756
https://doi.org/10.1093/sleep/30.12.1756
https://doi.org/10.1109/JSEN.2019.2941198
https://doi.org/10.1109/JSEN.2019.2941198
https://doi.org/10.1109/JBHI.2018.2823265
https://doi.org/10.1109/JBHI.2018.2823265
https://doi.org/10.1109/JBHI.2018.2823265
https://doi.org/10.1145/2742647.2742674
https://doi.org/10.1145/2742647.2742674
https://doi.org/10.1109/RWS45077.2020.9049983
https://doi.org/10.1109/RWS45077.2020.9049983
https://doi.org/10.1109/LSENS.2020.2983706
https://doi.org/10.1109/LSENS.2020.2983706
https://doi.org/10.1155/2021/9376662
https://doi.org/10.1155/2021/9376662
https://doi.org/10.1093/sleep/22.5.592
https://doi.org/10.1093/sleep/22.5.592
https://doi.org/10.1109/TMC.2015.2462812
https://doi.org/10.1109/TMC.2015.2462812
https://doi.org/10.1109/TMC.2015.2462812

31

T RS FETFMCW R Ik f Ak i 2B 7 Bt SR £33 515

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

670381. doi: 10.1155/2013/670381.

UCHINO K, SHIRAISHI M, TANAKA K, et al. Impact of
inability to turn in bed assessed by a wearable three-axis
accelerometer on patients with Parkinson’s disease[J].
PLoS ONE, 2017, 12(11): e0187616. doi: 10.1371/journal.
pone.0187616.

LIEBENTHAL J A, WU Shasha, ROSE S, et al.
Association of prone position with sudden unexpected
death in epilepsy[J]. Neurology, 2015, 84(7): 703-709.
doi: 10.1212/WNL.0000000000001260.

KLOSTER R and ENGELSKJ@N T. Sudden unexpected
death in epilepsy (SUDEP): A clinical perspective and a
search for risk factors[J]. Journal of Neurology,
Neurosurgery & Psychiatry, 1999, 67(4): 439-444. doi: 10.
1136 /junp.67.4.439.

ZHOU Tao, XIA Zhaoyang, WANG Xiangfeng, et al.
Human sleep posture recognition based on millimeter-wave
radar[C|. 2021 Signal Processing Symposium (SPSympo),
LODZ, Poland, 2021: 316-321. doi: 10.1109/
SPSympo51155.2020.9593799.

ADIB F, HSU C Y, MAO Hongzi, et al. Capturing the
human figure through a wall[J]. ACM Transactions on
Graphics (TOG), 2015, 34(6): 1-13. doi: 10.1145/2816795.
2818072.

ZHAO Mingmin, LI Tianhong, ABU ALSHEIKH M, et al.
Through-wall human pose estimation using radio
signals[C]. The IEEE/CVF Conference on Computer
Vision and Pattern Recognition, Salt Lake City, USA,
2018: 7356-7365. doi: 10.1109/CVPR.2018.00768.

ZHAO Mingmin, TIAN Yonglong, ZHAO Hang, et al. RF-
based 3D skeletons[C]. The 2018 Conference of the ACM
Special Interest Group on Data Communication, Budapest,
Hungary, 2018: 267-281. doi: 10.1145/3230543.3230579.
YUE Shichao, YANG Yezhe, WANG Hao, et al.
BodyCompass: Monitoring sleep posture with wireless
signals[J]. Proceedings of the ACM on Interactive, Mobile,
Wearable and Ubiquitous Technologies, 2020, 4(2): 1-25.
doi: 10.1145/3397311.

RUBENSTEIN L Z. Falls in older people: Epidemiology,
risk factors and strategies for prevention[J]. Age and
Ageing, 2006, 35(S2): 1i37-ii41. doi: 10.1093/ageing/afl084.
HOPKINS J. Falls Cost U. S. Hospitals $34 billion in
direct medical costs[EB/OL]. https://www.johnshopkins
solutions.com/article/falls-cost-u-s-hospitals-30-billion-in-
direct-medical-costs/, 2015.

KANNUS P, SIEVANEN H, PALVANEN M, et al.
Prevention of falls and consequent injuries in elderly
people[J]. The Lancet, 2005, 366(9500): 1885-1893. doi: 10.
1016,/S0140-6736(05)67604-0.

FLEMING J and BRAYNE C. Inability to get up after

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

falling, subsequent time on floor, and summoning help:
Prospective cohort study in people over 90[J]. BM.J, 2008,
337: a2227. doi: 10.1136/bmj.a2227.

MUDRAZIJA S, ANGEL J L, CIPIN I, et al. Living alone
in the United States and Europe: The impact of public
support on the independence of older adults[J]. Research
on Aging, 2020, 42(5/6): 150-162. doi: 10.1177/
0164027520907332.

GURBUZ S 7Z and AMIN M G. Radar-based human-
motion recognition with deep learning: Promising
applications for indoor monitoring[J]. IEFEE Signal
Processing Magazine, 2019, 36(4): 16-28. doi: 10.1109/
MSP.2018.2890128.

JOKANOVIC B and AMIN M. Fall detection using deep
learning in range-Doppler radars[J]. IEEE Transactions on
Aerospace and Electronic Systems, 2018, 54(1): 180-189.
doi: 10.1109/TAES.2017.2740098.

JeEZ, FSEE, X0, 5. FETRDSNet =K & ik ANk
PRABRG I 7R [T). TRIAZEAR, 2021, 10(4): 656-664. doi: 10.
12000/JR21015.

YUAN Zhian, ZHOU Xiaoyu, LIU Xinpu, et al. Human
fall detection method using millimeter-wave radar based on
RDSNet[J]. Journal of Radars, 2021, 10(4): 656-664.
doi: 10.12000/JR21015.

WANG Bo, GUO Liang, ZHANG Hao, et al. A millimetre-
wave radar-based fall detection method using line kernel
convolutional neural network[J]. IEEE Sensors Journal,
2020, 20(22): 13364-13370. doi: 10.1109/JSEN.2020.
3006918.

TIAN Yonglong, LEE G H, HE Hao, et al. RF-based fall
monitoring using convolutional neural networks[J].
Proceedings of the ACM on Interactive, Mobile, Wearable
and Ubiquitous Technologies, 2018, 2(3): 137. doi: 10.1145/
3264947.

DENG Muqing, WANG Cong, TANG Min, et al.
Extracting cardiac dynamics within ECG signal for human
identification and cardiovascular diseases classification[J].
Neural Networks, 2018, 100: 70-83. doi: 10.1016/j.neunet.
2018.01.009.

OJAROUDI M and BILA S. Multiple time-variant targets
detection using MIMO radar framework for
cerebrovascular monitoring[C]. 2021 15th European
Conference on Antennas and Propagation (EuCAP),
Dusseldorf, Germany, 2021: 1-5. doi: 10.23919/
EuCAP51087.2021.9411329.

HUANG Kewu, YANG Ting, XU Jianying, et al.
Prevalence, risk factors, and management of asthma in
China: A national cross-sectional study[J]. The Lancet,
2019, 394(10196): 407-418. doi: 10.1016/S0140-6736(19)
31147-X.


https://doi.org/10.1155/2013/670381
https://doi.org/10.1155/2013/670381
https://doi.org/10.1371/journal.pone.0187616
https://doi.org/10.1371/journal.pone.0187616
https://doi.org/10.1371/journal.pone.0187616
https://doi.org/10.1212/WNL.0000000000001260
https://doi.org/10.1212/WNL.0000000000001260
https://doi.org/10.1136/jnnp.67.4.439
https://doi.org/10.1136/jnnp.67.4.439
https://doi.org/10.1136/jnnp.67.4.439
https://doi.org/10.1109/SPSympo51155.2020.9593799
https://doi.org/10.1109/SPSympo51155.2020.9593799
https://doi.org/10.1109/SPSympo51155.2020.9593799
https://doi.org/10.1145/2816795.2818072
https://doi.org/10.1145/2816795.2818072
https://doi.org/10.1145/2816795.2818072
https://doi.org/10.1109/CVPR.2018.00768
https://doi.org/10.1109/CVPR.2018.00768
https://doi.org/10.1145/3230543.3230579
https://doi.org/10.1145/3230543.3230579
https://doi.org/10.1145/3397311
https://doi.org/10.1145/3397311
https://doi.org/10.1093/ageing/afl084
https://doi.org/10.1093/ageing/afl084
https://www.johnshopkinssolutions.com/article/falls-cost-u-s-hospitals-30-billion-in-direct-medical-costs/
https://www.johnshopkinssolutions.com/article/falls-cost-u-s-hospitals-30-billion-in-direct-medical-costs/
https://www.johnshopkinssolutions.com/article/falls-cost-u-s-hospitals-30-billion-in-direct-medical-costs/
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1136/bmj.a2227
https://doi.org/10.1136/bmj.a2227
https://doi.org/10.1177/0164027520907332
https://doi.org/10.1177/0164027520907332
https://doi.org/10.1177/0164027520907332
https://doi.org/10.1109/MSP.2018.2890128
https://doi.org/10.1109/MSP.2018.2890128
https://doi.org/10.1109/MSP.2018.2890128
https://doi.org/10.1109/TAES.2017.2740098
https://doi.org/10.1109/TAES.2017.2740098
https://doi.org/10.12000/JR21015
https://doi.org/10.12000/JR21015
https://doi.org/10.12000/JR21015
https://doi.org/10.12000/JR21015
https://doi.org/10.1109/JSEN.2020.3006918
https://doi.org/10.1109/JSEN.2020.3006918
https://doi.org/10.1109/JSEN.2020.3006918
https://doi.org/10.1145/3264947
https://doi.org/10.1145/3264947
https://doi.org/10.1145/3264947
https://doi.org/10.1016/j.neunet.2018.01.009
https://doi.org/10.1016/j.neunet.2018.01.009
https://doi.org/10.1016/j.neunet.2018.01.009
https://doi.org/10.23919/EuCAP51087.2021.9411329
https://doi.org/10.23919/EuCAP51087.2021.9411329
https://doi.org/10.23919/EuCAP51087.2021.9411329
https://doi.org/10.1016/S0140-6736(19)31147-X
https://doi.org/10.1016/S0140-6736(19)31147-X
https://doi.org/10.1016/S0140-6736(19)31147-X
https://doi.org/10.1155/2013/670381
https://doi.org/10.1155/2013/670381
https://doi.org/10.1371/journal.pone.0187616
https://doi.org/10.1371/journal.pone.0187616
https://doi.org/10.1371/journal.pone.0187616
https://doi.org/10.1212/WNL.0000000000001260
https://doi.org/10.1212/WNL.0000000000001260
https://doi.org/10.1136/jnnp.67.4.439
https://doi.org/10.1136/jnnp.67.4.439
https://doi.org/10.1136/jnnp.67.4.439
https://doi.org/10.1109/SPSympo51155.2020.9593799
https://doi.org/10.1109/SPSympo51155.2020.9593799
https://doi.org/10.1109/SPSympo51155.2020.9593799
https://doi.org/10.1145/2816795.2818072
https://doi.org/10.1145/2816795.2818072
https://doi.org/10.1145/2816795.2818072
https://doi.org/10.1109/CVPR.2018.00768
https://doi.org/10.1109/CVPR.2018.00768
https://doi.org/10.1145/3230543.3230579
https://doi.org/10.1145/3230543.3230579
https://doi.org/10.1145/3397311
https://doi.org/10.1145/3397311
https://doi.org/10.1093/ageing/afl084
https://doi.org/10.1093/ageing/afl084
https://www.johnshopkinssolutions.com/article/falls-cost-u-s-hospitals-30-billion-in-direct-medical-costs/
https://www.johnshopkinssolutions.com/article/falls-cost-u-s-hospitals-30-billion-in-direct-medical-costs/
https://www.johnshopkinssolutions.com/article/falls-cost-u-s-hospitals-30-billion-in-direct-medical-costs/
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1136/bmj.a2227
https://doi.org/10.1136/bmj.a2227
https://doi.org/10.1177/0164027520907332
https://doi.org/10.1177/0164027520907332
https://doi.org/10.1177/0164027520907332
https://doi.org/10.1109/MSP.2018.2890128
https://doi.org/10.1109/MSP.2018.2890128
https://doi.org/10.1109/MSP.2018.2890128
https://doi.org/10.1109/TAES.2017.2740098
https://doi.org/10.1109/TAES.2017.2740098
https://doi.org/10.12000/JR21015
https://doi.org/10.12000/JR21015
https://doi.org/10.12000/JR21015
https://doi.org/10.12000/JR21015
https://doi.org/10.1109/JSEN.2020.3006918
https://doi.org/10.1109/JSEN.2020.3006918
https://doi.org/10.1109/JSEN.2020.3006918
https://doi.org/10.1145/3264947
https://doi.org/10.1145/3264947
https://doi.org/10.1145/3264947
https://doi.org/10.1016/j.neunet.2018.01.009
https://doi.org/10.1016/j.neunet.2018.01.009
https://doi.org/10.1016/j.neunet.2018.01.009
https://doi.org/10.23919/EuCAP51087.2021.9411329
https://doi.org/10.23919/EuCAP51087.2021.9411329
https://doi.org/10.23919/EuCAP51087.2021.9411329
https://doi.org/10.1016/S0140-6736(19)31147-X
https://doi.org/10.1016/S0140-6736(19)31147-X
https://doi.org/10.1016/S0140-6736(19)31147-X

516

11k

[132]

[133]

[134]

WANG Chen, XU Jianying, YANG Lan, et al. Prevalence
and risk factors of chronic obstructive pulmonary disease
in China (the China Pulmonary Health study): A national
cross-sectional study[J]. The Lancet, 2018, 391(10131):
1706-1717. doi: 10.1016/S0140-6736(18)30841-9.

VARON C, MORALES J, LAZARO J, et al. A
comparative study of ECG-derived respiration in
ambulatory monitoring using the single-lead ECGIJ].
Scientific Reports, 2020, 10(1): 5704. doi: 10.1038/s41598-
020-62624-5.

HA U, MADANI S, and ADIB F. WiStress: Contactless
stress monitoring using wireless signals[J]. Proceedings of
the ACM on Interactive, Mobile, Wearable and Ubiquitous
Technologies, 2021, 5(3): 1-37. doi: 10.1145/3478121.

B & &
i R(1976-), B, ZBEEA, PE
Fhezle 2 R A5 B AH I T Beat 7t it 1
TAETI BT EOHT R BT TS
ML NTHE B

fa  BE(1997-), FB, LEEIEAN, hE
R B 23 RAG B 0TI 70 B 76 1L -
R EEGTFTT NN REEIT R R
MHA o

[135]

[136]

[137]

BAI Yang, GUAN Yu, and NG Wanfai. Fatigue
assessment using ECG and actigraphy sensors[C]. The
2020 International Symposium on Wearable Computers,
Virtual Event, Mexico, 2020: 12-16. doi: 10.1145/3410531.
3414308.

DE VRIES J, MICHIELSEN H, VAN HECK G L, et al.
Measuring fatigue in sarcoidosis: The Fatigue Assessment
Scale (FAS)[J]. British Journal of Health Psychology, 2004,
9(3): 279-291. doi: 10.1348/1359107041557048.

LIU Jie, ZHANG Kai, HE Wei, et al. Non-contact human
fatigue assessment system based on millimeter wave
radar[C]. 2021 IEEE 4th International Conference on
Electronics Technology (ICET), Chengdu, China, 2021:
173-177. doi: 10.1109/ICET51757.2021.9451149.

ik i%(1997-), 5, WREFEA, HHE
FH B 2 RAG B BT 0 Be 7E L1
FA . F B IS A YR e R IT (R
- T AR RN T PN -

(BTG T79)


https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.1038/s41598-020-62624-5
https://doi.org/10.1038/s41598-020-62624-5
https://doi.org/10.1038/s41598-020-62624-5
https://doi.org/10.1145/3478121
https://doi.org/10.1145/3478121
https://doi.org/10.1145/3410531.3414308
https://doi.org/10.1145/3410531.3414308
https://doi.org/10.1145/3410531.3414308
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1109/ICET51757.2021.9451149
https://doi.org/10.1109/ICET51757.2021.9451149
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.1038/s41598-020-62624-5
https://doi.org/10.1038/s41598-020-62624-5
https://doi.org/10.1038/s41598-020-62624-5
https://doi.org/10.1145/3478121
https://doi.org/10.1145/3478121
https://doi.org/10.1145/3410531.3414308
https://doi.org/10.1145/3410531.3414308
https://doi.org/10.1145/3410531.3414308
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1109/ICET51757.2021.9451149
https://doi.org/10.1109/ICET51757.2021.9451149

	1 引言
	2 医疗健康领域中的FMCW雷达特征信息
	2.1 微多普勒信号
	2.2 Range-Doppler图
	2.3 Range-Angle图

	3 FMCW雷达在医疗健康领域的典型应用
	3.1 生理体征监测
	3.2 睡眠监测
	3.2.1 睡眠质量监测
	3.2.2 睡眠呼吸暂停
	3.2.3 睡姿识别

	3.3 跌倒检测

	4 总结与展望
	4.1 研究现状及局限性
	4.2 展望


