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Millimeter wave radar vital signs detection based on EWT-VMD

Pan Zhigang,Fei Yeqi, Guo Shuya,Wei Yu,Xu Yuanbo

(School of Automation, Xi'an University of Posts & Telecommunications, Xi'an 710121, China)

Abstract : Millimeter wave radar has become a research hotspot in vital sign monitoring due to its advantages of non-contact operation, high
penetration, high precision, and real-time capability. It has already been applied in medical cardiovascular health assessment, tumor
detection and localization, and health monitoring for newborns and children. However, during indoor monitoring, the millimeter wave radar
echo signals are susceptible to subtle human body movements and multipath effects, resulting in various noise components that complicate
the extraction of heartbeat information during sleep. This paper proposes a vital sign detection method for millimeter wave radar based on
Empirical Wavelet Transform and Variational Mode Decomposition (EWT-VMD) for detecting respiratory and heartbeat signals from the
echo signals. By establishing a vital sign echo signal model for millimeter wave radar detection, the frequency composition of the signal is
analyzed. Experiments are conducted using a 77 GHz millimeter-wave radar to acquire echo signals, and frequency-domain coherent
accumulation is applied to two types of chirp signals within the same signal frame, which simultaneously suppresses noise interference and
enhances the amplitude of useful signals. The empirical wavelet transform (EWT) is employed to decompose the vital sign-containing
signal, followed by signal reconstruction after clutter elimination. The wavelet-reconstructed signal is further processed by variational mode
decomposition (VMD) to extract the human respiratory rate (RR) and heart rate (HR) respectively. The extracted results are compared
with the signals collected by an electrocardiogram (ECG) to assess the extraction accuracy. Experimental results across various scenarios
demonstrate that the proposed frequency-domain coherent accumulation method effectively enhances echo signal SNR. The combined CWT-
VMD algorithm successfully detects RR and HR with a detection accuracy reaching 94% .
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Table 1 Experimental parameter configuration
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Fig. 6 Dual delay line canceller cancels
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Fig.7 Coherent integration

4.3 FH4i35E= RR 1 HR #0s£1%

XK FHIRBF L 1.2 m AT 1 A T(E
TR, K 8(a) Fran, Kl 8(b) BTGz s T
4 F5EAhTE RR W91, 5 2% 80 ECG #HLL P LA th
ASCHE B EWT-VMD J7 ik Bl g fE b, HiR 28/
5 ECG M A i, [FFE, Kl 8 (¢) WIESE T kil
HR Al HE R W

AP 8 R, H A 3 AR T HR B 3 AR A 1R 22 4K
K, WA SC A 82 1 i EWT-VMD J7 %, RR F1 HR 2% %
FW 5 HA A L, AR ST 1 EWT-VMD H k4%
BTSN, RS S MERGAY RS I HY RR B HR

2 Wl T 4 AR oAk Oy s  EWT Rk
VMD B35 EWT-VMD B4 5 RR 1 HR f945 5%, H
H EWT-VMD J5 A Co B 90 5 1 25 7 ik i 220 1. 26,
Hoftls JLAP 7 v P R AR B9 g 3. 35, EWT-VMD 77 32 46 ) i
W50 % F 35 AR 2% Sy 5. 25, FL b J LA 5 35 b B A R
5.27, 5 Hifts 77 B A0 L, EWT-VMD 3535 1 75 MR 1% 2%



55 12 1) AR 45 3T EWT-VMD (22K 0 7 15 A i A fiE A 307
PR T IIRR PR R T RHR
BRR WHR
= 90 -
85 -
| mm ol
L ﬁ E 75 F - —
g 70
r KOS '
60
S5
ECG EWT VMD EWT-VMD CLASSICAL EICG EV;/T VTvIlD EWT-\I/MD CLAISSIC./I\L
(a) P4 (b) PR T KIRRAL T (c) PRI F FINHR
(a) Supineposition (b) RR estimation in supineposition (¢) HR estimation in supineposition
HE [ LS5 T IIRR LG5 T RIHR
| mRR ®HR
25 90
85
[ ] =] = =
=
& 1s ﬁ 57 - - -
@ o) 70
=10 & 65
5 60
55
0 ECG EWT VMD EWT-VMD CLASSICAL %0 ECG EWT VMD EWT-VMD CLASSICAL
(d) Z= D5 (e) DN T IRIRRAL T () ZEUSE T I HRA
(d) Left lateral decubitus position (e) Estimated RR in left lateral decubitus position (f) Estimated HR in left lateral decubitus position
F S 5T RIRR FURE T T RIHR
uRR u HR
30 90
25 85
0 [ |
=20 b
ol I WL =1
& & 65
60
3 55
0 EéG EWT VI\I/ID EWT-IVMD CL;\SSIC‘AL % ECG EWT VMD EWT-VMD CLASSICAL
(g) A D5 (h) A5 T B RR A T () DS T R HRAE T

(h) Estimated RR in right lateral decubitus position (i) Estimated HR in right lateral decubitus position

8 e AL AMFA M5 T B RR F HR Al

Fig. 8 RR and HR detection in supine, left lateral decubitus, and right lateral decubitus positions respectively
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Table 3 RR and HR estimation in left lateral

decubitus position

RR HR

Jrik Formi e FIr iR e

Ri/BeN 2/BPM %/% HIZBEM #£/BPM /%

ECG( LbXIE) 16.8 0 100  74.6 0 100
CLASSICAL  18.6 4.49 89  76.8 7. 44 97
EWT 18.0 4.05 92 70.4 5.12 94
VMD 15.0 3.13 89 2.6 5.02 97
EWT-VMD  16.4 0.63 99  75.6 5.00 98

x4 HMGEEE RR HR it
Table 4 RR and HR estimation in right lateral

decubitus position

RR HR

Tk BP ARG i HITARR A
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ECG(LLXI{H) 18.4 0 100 76.4 0 100
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EWT-VMD 17.4 1.34 94 74.0 4.98 96
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