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Design of a Non-Contact Vital Sign Detection Device *
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(1.Key Laboratory of Cognitive Science of National Ethnic Affairs Commission, College of Biomedical Engineering,
South-Central Minzu University , Wuhan Hubei 430074, China;
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Abstract : In order to solve the problem of not being able to direct use traditional wearable monitoring instruments to monitor human vital
signs in real time in clinical medicine,emergency or home care applications,a non-contact vital sign detection device based on Doppler
radar is designed, which extracts human respiratory and heartbeat signals from the signals detected by Doppler radar in real time through
the STM32F429IGT6 controller. The hardware mainly consists of microcontroller, Doppler radar sensor signal amplification circuit, filte-
ring circuit, level boosting circuit, etc. The system achieves the separation and extraction of respiration and heartbeat signals through IIR
bandpass filtering, and uses FFT to perform real-time spectrum analysis on the separated respiration and heartbeat signals to calculate
and display the respiration and heartbeat counts. The test results show that the device can effectively detect the human breathing and
heartbeat counts in real time,and realize the non-contact human vital sign detection within 2 meters, with the maximum mean error of
9.14% for the heartbeat count and 4.7% for the breathing count.

Key words:: vital signs detection ; non-contact ;doppler radar sensor;signal separation

EEACC:7500;6320;1200 doi: 10.3969/j.issn.1004-1699.2024.01.022

MR SR ERNEBNET

FAE R e !
(L AR R B 2 T R VBRI R R T S50 3, I BRI 430074,
2B (5 AT B MRS WILAS T 55 005 W1IE 2RI 430074)

W EVRRGERES ARNBERFRESEN AR F L EEEE L5 5 8RN MO8 52 WA R A 4 R AE 8y 1] 7T
BT —HETLZLHFANEERE R LEGRERNKE , K E# T STM32F429IGT6 = H BN £ 5 4 F XA 6y 5 5 +
LHBERARFRACKES, HEFEEZHMEHNE Z LY TFTARREEE TR ARE REBZ A FEAREEL L4
A, Z G T IR AR LA ERAGBKE 5 0% 58I, A FFT X2 8 BB R G Bk 5 5 #AT S0 g 001 T &I R
AR PR B, FRIMRERER, ZERB AR RN AR FR AR, EA 2 m EE NN EERERNAKRAE
AR AR, S BR B A B EIRE KR 9.14%, FRABEAHMEIRE N 4.7%,

KR R ERIFER, FETHTFL;E50H

1 E 425 . TN958.95 CRRFRIRAD . A XEHS.1004-1699(2024)01-0156-07

I 2 1o B 14 A0 32 15 T S 7 R R AR
A EZAYE PR 5 A — BT 2 2 e
T N PR o R A5 3K Ao i 12 D0 i 75 2T o, LM
MRS SR 2 P EE R IR, B RTRATH
A ZE R BT A R K B S A i A A i 2
I (AR A R A By PR R 2 TR B
By, AP RERIEZE | AN T T R AR 1 J 3 RSl
TR AR S UG 1 5t T AR
fi XA i A M 00 5 (P £ 0, AN 52 M 2 1 FR
], B AT A A A i A S 2 M R, SCRE AR K

B D/ M 0 o e R B AR AN U

I FH 2235 7 32 1 v 2R 0L R AT LA S TR s
AEFE S Y AL AR, ST 2
S IR R el N (R NN SRR R e
NS IRIESF 5 HA AR E A A 32 FREEFIH] 7 %F
SRR R ESE A E R T A a AR AR I
(2K T 1k EEA T (Ultra Wide Band ,UWB)
TR I % SE % ( Frequency Modulated Continous
Wave , FMCW ) 55 k177 1 7% 4 % ( Continous Wave,
CW) FRIAN™ L JE PRI B AR B B T oK, A3

I B SRR FHK A REAFE ST H (81601586) ; Hh e E A IEABL Y. 45 2% % 101 7% 4 W B30T H ( CZY23032)

%8 B #E.2022-05-10 &2 BHH3.2022-10-08



A E TR ERE  AEE X AR N K F 0%t 157

%18
PO 25 i T B AR g MR AR i PR A5 5 A6 1) 4%

TS B IRR AR R A A AR [ 5 5 b
TIPS SRS R AE RS S R
BIUNEZ, H PGS EEEFEA 2RSS
A3 (CEMD) | [ 38 I e 5 4 A 4 00 A
fi#' "' ( CEEMDAN) | Bttt i) 8 & 2 i B 25 o i)
(MEEMD) FIAE 25 4020 (VMD ) %5 RIS
GRS RE S S IR 5 RO B 5 10 2 2 5 42
B ARR TR K R S AR S TR B 45
B XELLE B i A U R S S B R I SR, TIR $05
UEW AR AR EE DL LR I i, TH AR R AIC, A9 i
i, 5 TR ARG LI, ARSCR A TR 47 38 98 I
Xt A A PRAE [0 15 5 1R A7 40 5 A B, S 42 B i
LB

1 REEHIZIT

A FH STM32F4291GT6 145 il %% A1 24GHz
LW TR IRLEES CMD324 A% O e S 3R AR ik
SP3BT, 2238 1) A A% B 1 [l
WAR 5 TP AL s 00 B R (545 (H A2 5 1 5t
MRS T, A A R AR AR 5 Je 4 AE I MR 7 A5 5
TSR AR5 SR AT R B Pk TR g Y
BB ADC SRAE s SRS FEXTRAEAE it 19 BCHE #4647 LR F0
FFT %5 540 P 5 76 LCD | B /R 48 B S H 8 Y
R REMERILE 1,

1.1 FikfE RS AR
W AR IR LR ISR 1| PR, ARk

R,

FRIEl CDM324 [ CW % 823 8 A M 8 ik L %
AT , CDM324 AUATR I B R 24 GHz, AT W%
e, ARV THRRAR AR A

® -
ﬂ))" 1%%%% N

BHUE 5
L BEER

LCD %,
S

(EAREEREeC

B1 ZR&EKER
F&1 UWB Fix . CW Fik FMCW TirtEpetb ik

1 STM32F4291GT6

UWB #i% CW &% FMCW J#55

MOCHIE AE A B A

PN BN

BRI PN INTT K
FEHThFE [ ik [
RN B i 37 in
S [ ik ik
R ik i =
TF M g Xk 5 SELE

1.2 FSHEER

F T 085 10 2B A AR AE A 5 78 A W I A DR M e
SR AR5, AR S 55 v B RO I 0 R
e B Ao WA B A R R0 U0 S B R A

On] A3 25 B HL B AN CW 3 2L 1% 7 ik R AR
() FRABE SRR TR R IR (R 55 TR A AR B
S TS TR E T IR ST A EE A SRR
BB AR FH PR R AL B, A&l 2 BT | iR 25
JEHEA 10 £ ~500 1

OuT

L VEE
= 10kQ N
GND ; C,
C R, + 6 I
OPO7C It
27
47 uF
47 pr 10kQ < g
VEE
R
100 kQ

B2 TEMGE R AR

Q5 T Y18 I8 H B - BRI I AR 5 v, AR A
OBE S IR EZ AR LE 0.1 Hz~2 Hz Z 8], 7R
SCURE T A 388 R J0 P 6% Pl ARG 30 0t L B RN — By
150 3 U F A B, AR B SKC R PR IR T L
ARG S8 U F B Y AR AR AR A 3 ez, e 3 Y I Y
BRUEAAR R BN 0.1 Hez, FLERINIAE 3 TR,

M TAETFH B . STM32F4 5 | 2331 1 ADC i
AHETEE R 0~3.3 V, T iSRRG RE RN N
RS 52 BOR gD 5 , PRV e B A A

TR HERRTIE) 0~3 V 2 08], A SCHRIAR iz
AR T B ST L R AR T DB, FLES AN IR 4 T
1.3 HEEHFHHEESR

P {55 2L B v SR FH AR TS 39 Sk 00 A D L
ML, TAERL RN £3.3 V, Bd+3.3 V SLHL AR ¥y
WU EAEHL . AR SCRFH T A 7 A2 77 1) LM2662 58 A
SEEIE FLVRES SR IR, AL 5 BTR , LM2662 3t F ] 5K
1.5 V~5.5 V 3t [ PN A4 I H R B Sk AL 1) 971 fL
T, S e B 3.5 Q23S A SC K .



R

#HOA F R

158 chinatransducers.seu.edu.cn

% 36 %

VCC

B4 BFAFEE
2 Aot

A BETT R F Keil 5 Fil MATLAB BE A IF %
BT R ME 6 iR, EEMARE. e
B 2l &2 BB ADC SRS T FFT 1255, 1%
BEORFEGE MR/ N A 1024, JF38 3 STM32F4 () DMA
FEAt R SRR 5 SR J5 T A7 it B 2R AT IR A 4 8
Pl A FL AR Y A B 3T 2 RO R Y
WA B 5 B B B I LG Bk AF S 7E LCD P
R,

21 BEESXHEANEZE
AR SR FHE I 24l % ADC RAEI-F ] DMA 3

OUT

o A R OB P %

STM32F4 2805 B AL NI 7 ff R, ADC [ s 4
WE A 90 MHz, KRR E R 32 Hz, L3400 &R
B PSC (1) IR 2], Ho £ RRERAT

CK_INT >~ ADC B4, ADC SRAE BB M 5 4% fi
K RAEEAR I AE L B DMA B, flod i 25 6

I DMA 5 4 58 libr &5, 04T DMA & i 28 g rp
W, BEBCR LR A T4 s B b
CK_INT
PSC=—————1 1
fCNT ( )

uUs 19
g 100 pF
FC(SD) V+

CAP+ OSC ——X

GND Lv F—x
CAP- OUT ﬂ
1m2662

100 pF
GND

20

100 pF

L

GND

WK 1) 75 2 S MR A A (A [0 155 A A Hs BEMEEE
i
: IRECT || e fion | | gl || W | | o8k | | LCD
ugwess || e || g || e || se ] aow
o %f AD | |DMA
T ol 2|, =l | WE
i R A
| ||W
IRHC | |PORME | | e | | (e | | PR | | LCD
agsess || b || et | e | g [ R
E6 REKHIER
22 EwFERESHE ib y
7 p b f2r 1L S T bl 2
2 ADC SR AR AL A (R AE [T A5 5 T4 Hzy= (2)
e o SN o z)=
55 FRAE S HLDBME S = MRS ES, AR - iaz_l
VI ph ] FEL P R R P 5 14 0, B v O R L =
B 543 B ME B Y AR B 1, A% SCR IR 45 5 2o IR AR

DR e S BURF IR LG B 5= 19 0 B, e R 48 R ]
AN

M

ﬂw—ZMnMU+ZﬂHMW(@

=0 =1



B R AR AR X AR R AR A R 69 R 159

IEEEn

\ ffiflEADCHIDMAFY I 4 \
I}

Fil FEDMAGH I . Fdi
AT Ak
)
Jic E DMAZE X K/
Ve L VAN AN

~| AHADCHDMARLR |
]

Bl EADCHEE | st
BRI . SREES
)
fic ¥ ADC Hi 2 I 2 Ah
bl
]
533 ADCCLK
25345

* GO
| tiEDMAfEfe sl -

B7 FSRESHRERER

{8/ MATLAB 17 fdatool T A= i 28 [ i 4
FI351 0.1 Hz~0.8Hz 1 0.8 Hz~2Hz [ IIR ELAFEK
ST A G 0 7 O D8 D A AR RO 4 R R KT
SR AIUE I S BTE MATLAB 1705 BLIE , it —
AMFN 0.5 Hz A1 1.2 Hz IEXIR S 155, Wikl 8(a)
Fi7R . ARTHRY IR DRI 88 S HGHA 755 40 8, Al
8(b) 7R, T i1 TR JE AR REAT %050 B8 AN
[ AR A5 5, I FL A 90 B AP A 5540 i o Bl
B, D5 ELIOUE TR 43 B 5 SRk 2 T

i s

% /Hz

() FAMG 5 SFFTARSG b

SRR
2 T
l |
£ of
= _H
) f | f | |
0 10 20 30 40 50 60
M H) /s
0.5 H
s 5SHz
1.0f
0.5
&
£ 0
- -05
-1.01
_] 5 Il 1 I Il 1 Il
] 10 20 30 40 50 60
Bif ) /s
1.2 Hz
1.5
1,0 l
a
z
-0.5 l
-1.0
_1 5 Il 1 I Il Il 1
(] 10 20 30 40 50 60
i ) /s

0 IEMUG RS FFT

08}
@ 0.6
E 04

02+

A% Hz
B SR 5 FFT

T

1.0
0.8
0.6
0.4r
02

00 2 4 6 8 10 12 14 16

Fi%/Hz

T

T

W AEL

(b) /B JE AE 5 SFFTAGE /-
E8 EES4ENEMNITLER

2.3 FFT 55901

Sy H VR BRI B OSC, 46 45 B VI
B S IS B SR AT A R
BEBRON P, RAESEON N RS SR F, 7Tl
(4) 75

F=— (4)

i T STM32F429 f5 K AESCHE 1 024 A% FFT, B
N=1 024, % 3L o 3 AR SRAF A 4 A 2 g A 246 53
R AR P AL, AR A i PR AR AR 5 1 B
FURN 2 M, T BORRRBEHE RS FFT A9MUR 5 B
R RIGHE T E R A ADC SRFE AR FEAT R B
N 32 Hz MRS HER N 0.031 25,

3 REMRERSITiE

3.1 E{KIhgeik
BT e L2 5, X 2R G s AR T RE 3470

i, B9 Finch ADC REM IR, EER N
TE AL BRIR A (S5, B 10 S STM32F4 43 B (1T
W AILC B AT 5 A B S O B, 61 11 BT 7R o STM32
A3 I O W AL B AE S 4 FFT B0 5 09 45 9L,
Kl 12 7 A MATLAB SZBE TIR 98 9% 43 5 J I 0 A
DBE SR FET 255, MR 25 R L0, STM32F4 fig
S BRI R 5 0 SE IS 43 B S R
32 XBAR
ARSCR B Z S8 U E R S5 % RZ i
WHAAFM T 23 % ~28 & B IR Z MR 42, 53
SRR S CMD324 238 8y f ik B IERER AL 50 cm (100
e SR
1.6
= 5l
1.0

0.8

i L Il Il i L
0.6 0 5 10 15 20 25 30

[ /¢
9 ANE&EGEEREES




#HOA F R

160 chinatransducers.seu.edu.cn % 36 %
JRR— W7, 0 P PR B2 M 50
e @32 4 MIAE 50 cm 100 cm 200 cm b4
- 0'(2) 5 YRR O B Kb, — B 43R 5 YR S 2 Kk
= -gi A5 YO RRLHE R |, 1944 32 UE LS8 i 3 4500
o Il Il Il Il I i 7 ““I = .
064 5 10 15 20 25 30 ’JﬁﬁE{iJ 3
A )/t
(a) STM3243 5 )i LBk 5 1B
0 ‘ ARMEjiJ??}:E?KEEﬁRRUIﬂ/T
0.5
2
—0s5}
_1'0 i Il Il Il 1

8 000

60

i
0 5 10 15 20 25 30

P )/t

(b) STM3243 B4 PR 75 55T
E 10 PRI O BEEHE R E

0 2 4 6 8 10 12 14 16
A Hz
(a) ARME 77 2 o BKFF TS

X 02813
¥: 9740

0 2 4 6 8 10 12 14 16
B /Hz
(b) ARM T J7 JERFIR FFTZS R
B 11 FER OBKES FFT &R

X:02813 ‘
@ 40 H Y: 55.63
= 5
Il 1 Il Il 1 1

% 2 4 6 8 10 12 14 16
%/ Hz
(a) MATLABAL BRI (% 5 FFT
303 '
20F Y2851
E jof
% 2 4 6 8 10 12 14 16
% /Hz
(b) MATLABA BB S FFT
12 MATLAB S ERLBES FFT &R E

cm F1200 em BEATSCER I G, 1] 13 S gixs 4 1 7
50 em AR AL TE 228 180 7R T TE R DAY S P, AR S
THEE 1Y R FHE AP 14 (a) Fs, B M3 0 S

NFLE AN 14(b) B
ELRMA S5 S RN F .

D32 # H A TE CMD324 235 ) i 15 L I 1

() AR SR R St

mindray

PM-9000 Express

(b) BRI m S
B 14 LRERET

(3Rt i 2 52 6 2 A0S R L e O o B T 2

HTFHIR%  TPHIRE T S (5) i th, 30 n
WTEINE NBK v, I T 0 B Bl P
VOB, v, At BRZELI 1 D BB PR

’r)=i z",‘ 20, =x; | (5)
noj=1,=1
MR LR 74

AREIATT S IC AR B (250 5 A

PO HRZH ) Ao RS I B I 15515 22, R
2SR TR CMD324 1884 50 em AbINIREE S ansk 2
FI7R 100 em ZMAEE 3 Bz 200 em 2L AN 4 B,



%1

FEAE R ERSF AR AR K AR AR B F 6 %5t 161

2 50 cm AAPRIRO BRGNS R R IRE

Al SR/ SR B/ FRUENEI/ FrRUEC B/ WP 4 (L L EEEIE
MES (K/min) (¥/min) (¥X/min) (¥X/min) WE/ % W2/ %
1 18.4 74.8 18.4 75 0 0.33
2 14.4 83.2 13.6 84 1.33 1.33
3 16.2 79.4 15 78.4 2.00 1.67
4 16.2 70.2 16.6 71.6 0.67 2.33
5 16.4 67.8 16.8 66.4 0.67 2.33
%3 100 cm AFEIRO BRI RN IRE
L3l SIS T/ SCa Lk FRUENTL/ FrRAfEC Bk A ESE D BEEIE
popd (¥X/min) (¥X/min) (¥X/min) (¥X/min) TRZZ/ % RZE/ %
1 19.8 69.6 19 72 2.00 4.00
2 17.2 79.8 15.6 81.4 2.67 2.67
3 15.8 74.8 17.6 79.6 3.00 8.00
4 16.2 72.6 15.2 75.2 1.67 4.33
5 18.2 69.8 18.8 67.6 1.00 3.67
F4 200 cm LFEIRO BT R R IRE
L3l SR/ SRR B/ FRUENEIR/ FrRUEC B/ WP 4 (L LEEEIE
poE (¥K/min) (¥X/min) (¥X/min) (¥X/min) RE/% )
1 15 74.4 16.8 78.4 3.00 6.67
2 16.6 71 15.6 86 1.67 15.00
3 13.2 78 16.2 86.6 5.00 14.33
4 16.4 68.8 15 72.2 2.33 5.67
5 19 76.4 19.2 73.4 2.00 5.00

ARt E A AR B S IR I B 5 44 32
PR 1o B I , 45 12 P M AP ARG Sl -4
DREINE 15 R AP i 2 et 4R AniA 15
(a) Fi7R OB FASIRZEGEHAS R ANIE 15(b) Fis.

Sr 4.66
§
i
K
E\P
B

0 L J

50 100 200
SIS /em
(a) MR F- 341 25

‘QQ
H
b
x
B
0 L J
50 100 200
SCHGFE BS /em

(b) LB TR

B 15 =fEEE TR OB FIIRELE

MBS ST 25 0T LA 7RI B 23 ) T ik
FRIRES 50 em &b, RFIREL 2R 258 1.09% , .0
BB - 2412 224 1.6% ; 70 125 2235 4 18 15 %
75 200 cm &b, WP IR 22K 4.7% , U BRI ER -3
TRZEN 9.14%

4 g

ARICLL 220 TR A St AR A e DA A 5
T A o XA A AP AG: DN 2 Y T e e B
DR BN N i &3 9 W N BN EIR A
PSR IR IR A5 5, SEIR R o i
FIIMAES SRR iR B RS M 2 m I B PN SR
DR (RIS AT B KR, 12059 R i A XAl
e S, BATIRIIAE AR BUNEOE S, al T 1l IR =
RN AP T LA R i 75 S AR 1) AR A AR

i
SR

[1] Islam S M, Motoyama N, Pacheco S, et al. Non-Contact
Vital Signs Monitoring for Multiple Subjects Using a milli-
meter wave FMCW Automotive Radar[ C]//2020 IEEE/



162

#HOA F R

chinatransducers.seu.edu.cn

% 36 %

(2]

[3]

(4]

(5]

(6]

[7]

(8]

MTT-S International Microwave Symposium ( IMS), Los
Angeles,CA,USA,2020.783-786.

Antolinos E, Garcia-Rial F, Herndndez C, et al. Cardiop-
ulmonary Activity Monitoring Using Millimeter Wave Ra-
dars[ J]. Remote Sensing,2020,12(14) :2265.

Yen H T, Kurosawa M, Kirimoto T, et al. A Medical Radar
System for Non-Contact Vital Sign Monitoring and Clinical
Performance Evaluation in Hospitalized Older Patients
[J]. Biomedical Signal Processing and Control ,2022,75
(5):103597.

Ren W, Qi F,Foroughian F et al. Vital Sign Detection in
Any Orientation Using a Distributed Radar Network via
Modified Independent Component Analysis [ J ]. TEEE
Transactions on Microwave Theory and Techniques,2021,
69(11) :4774-4790.

Li Z,Li W,Lii H,et al. A Novel Method for Respiration-
Like Clutter Cancellation in Life Detection by Dual-Fre-
quency IR-UWB Radar[ J]. IEEE Transactions on Micro-
wave Theory and Techniques,2013,61(5) :2086—-2092.
Lii W,He W, Lin X, et al. Non-Contact Monitoring of Hu-
man Vital Signs Using FMCW Millimeter Wave Radar in
the 120 GHz Band [ J ]. Sensors ( Basel ), 2021, 21
(8):2732.

EA, GEILBE, ERI. FMCW 22K 3% 7 35 20 A I Wi A6 )
Jrk[J]. fE 540, 2021,37(9) 1 1581-1588.

Yen H T, Kurosawa M, Kirimoto T, et al. Proof-of-
Principle Experiment on 24 GHz Medical Radar for Non-
Contact Vital Signs Measurement[ C]//2021 43rd Annual

International Conference of the IEEE Engineering in Med-

EBE(1996—) , 9, P RIE K2
YIBE A TR 2019 AR 1058 4E 5T
7 1) 9 H ) 1 2 A 5 K 5 Ak B B
U T RN 33 B A= ) B2 7 v, 1 Pl A A
FRZAF] , chaohuo530@ 163.com;

—-—

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

icine & Biology Society ( EMBC ), Mexico ( Virtual ),
2021.:6884-6888.

Mercuri M, Lorato I R,Liu Y H,et al. Vital-Sign Monito-
ring and Spatial Tracking of Multiple People Using a Con-
tactless Radar-Based Sensor [ J |. Nature Electronics,
2019,2(6) :252-262.

Hu L,Zhao K,Zhou X, et al. Empirical Mode Decomposi-
tion Based Multi-Modal Activity Recognition[ J]. Sensors
(Basel) ,2020,20(21) :6055.

Xu Y, Luo M, Li T, et al. ECG Signal De-Noising and
Baseline Wander Correction Based on CEEMDAN and
Wavelet Threshold [ J ]. Sensors ( Basel ), 2017, 17
(12).2754.

Satija U, Ramkumar B, Manikandan M S. Automated ECG
Noise Detection and Classification System for Unsupervised
Healthcare Monitoring [ J ]. IEEE Journal of Biomedical
and Health Informatics,2018,22(3) :722-732.
Dragomiretskiy K,Zosso D. Variational Mode Decomposition
[J]. IEEE Transactions on Signal Processing,2013,62(3) :
531-544.

Lyons R. Improved Narrowband Low-Pass IIR Filters in
Fixed-Point Systems [ J|. IEEE Signal Processing Maga-
zine,2009,26(3) :128-132.

Jacko P, Kravets, O. Spectral Analysis by STM32 Micro-
controller of the Mixed Signal [ C]//2019 IEEE Interna-
tional Conference on Modern Electrical and Energy
Systems ( MEES) , Kremenchuk , Ukraine ,2019 ;342-345.
FRRPE, ARk, Dh . BT ARM RYECFEAIE 73T &
SB[ )]. PEREOR 51608 2017 (2) . 78-81.

FREIR (1976—) , 53, Bi+-A FIW @ il
Y, EEF AU A Y R 245 S 4G
W55 b #4525 2 9T 4, jbchen @ mail.

scuec.edu.cn,



