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Fig.1 Frequency responses of the filters.

ZRETP OGRS ZMMAT L7105 L LT,
WP 853 D FEAR P & AR X B OAEFIEL, L
T OB AR R L EERE DT VY &
t1 = 0.82s, t2 = 0.83s TEHT L. TDTANID
—3dB 83 0.60Hz — 1.9Hz TH 1), 0 HEE0IE
12Hz THo. UTF, TO74 V8% 7405 1L
5.

T 72, DB D 3 K A O WA 3L L
WAL D74V %t = 0.27s,t2 = 0285 T, 5
R iR O W BT LR A D T 4 v &
t1 = 0.13s, t2 = 0.14s T, 7 KEFME O BRI
HFOEEHZE D D710 5 % ¢ = 0.11s, t2 = 0.12s
TENENEFKT H. —3dB #HITEhEh 1.8 -
5.5Hz, 3.3 — 11Hz, 3.9 — 13Hz T3 V), H.OJEEEIT
ZNZEN 3.6Hz, 6.2Hz, 8.4Hz TH5H. LT, 2D 3
HOTANIZENEFNTANY 2, 74V5 3, T4
Wy 4 LR,

AT e [12) THW O R RO 71V 5 & L
T, REJICE B ML Y G2 IET D740V 8 %
o1 = 1.285s,09 = 6.4ms TEFET 5. DT, TD7+«
VBT AN 5 LIRS, KT 45 ORISR
B 1R

4. TRHBE

AR Cl, WO T9GHz, iikiE 2.0GHz,
HLAfE A RRE 7.5cm, 7SV AHR D & LIRS 0.238ms O
IR Ny 7T V= i L7213 212V —%
FEOHNBIERT. HERETIIEMMEE (PN; Pseu-

414

2 L= YEEOIME
Fig.2 Appearance of the radar system.
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Table 1 Characteristics of participants.

BeBREr | ARk | PER) | BMI | CFEOE
A 44 E 17.3 79bpm
B 46 E2S 23.9 71bpm
C 49 | % [32.4] 87bpm
D 44 5 19.2 64bpm
E 46 w 27.0 70bpm
F 45 E 28.0 65bpm
G 44 | & | 17.5 | 83bpm
H 49 E: 30.8 72bpm
A IBI (Interbeat interval)

< N

>

A

Amplitude

3 IBI D%
Fig.3 Definition of the interbeat interval.
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Fig.4 Experimental setup when the radar is located
in front of the participant.
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Fig.5 Displacement at chest wall and left shoulder.
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Fig.6 Spectrum of displacement at chest wall and
left shoulder (0-5Hz).
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Fig.7 Spectrum of displacement at chest wall and

IBl(sec)

left shoulder (0-20Hz).

o Estimated
ECG

(@) 714141
I 8w
08— — &g
0.6 ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70
(b) 714452

0 10 20 30 40 50 60 70
(d) 741424

0 10 20 30 40 50 60 70
(e) 71445

Time(sec)

8 HiERE A EROREHMEST 5 HHOT7 Vs 2 H
W2 E O, TR RE AT PR A R
Fig.8 Estimation results of the IBI of participant A
with five different filters when the left shoul-
der was measured.
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Fig.9 Estimation results of the IBI of participant A
with five different filters when the chest wall
was measured.
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CUOITERE 0.1 LN OEE SN o 72 2 B KT

EDWERE - MEREORAGDEIIF LTS, it
DT 48 D TR & w7 AV
&I L TR D BT % G i B IR % v
FTLT74NME O GEIC AR DS L. F 72,
% { OEAT ARan, RMSE b EREBED 7 4 v 5 -
THO IR 3 % BT 5 7 4 v 7 IR CHEEREE
L7,

# 5 12 ARy, ARy OFHEIZ DO W T ORA TG
FAR R L7z, EOWENE - 7 4V OMAGD
G LTH, @S 2 miT 57 40y &2
7238 AR ) B L 7.

# 2 EBRFHR (AR)
Table 2 Experimental results (ARy).

el | e fLE TANY
1 2 3 4 5
A [TED 19% | 48% | 75% | 79%x* | 19%
i 9% [ 66% | 94% | 97%x* | 35%
B [TED 5% | 15% | 31%x* | 19% | 17%
R 9% | 51% | 88%+ | 83% | 14%
C [TED 14% | 8% | 40% | 59%x* | 17%
IR 1% | 12% | 70%* | 67% | 61%
D [TED 0% | 14% | 22%* | 9% | 2%
EH 9% | 25% | 91%+ | 89% | 51%
E [TED 3% | 3% | 34%x | 34%=* | 6%
R 32% | 33% | 53%* | 46% | 26%
F [TES 2% | 2% | 9%= | 9%= | 0%
i 19% | 28% | 54%x* | 51% | 20%
G [EED 3% | 21% | 46% | 61%* | 29%
i 3% | 23% | 88%x* | 85% | 28%
H [EED 20% | 15% | 42%+ | 29% | 14%
i 17% | 11% | 83%x* | 83%x* | 20%
EEE | W 8% | 16% | 37%x | 37%x* | 13%
i 14% | 31% | 78%x* | 75% | 32%

# 3 FEERIAR (ARan)
Table 3 Experimental results (ARan).

s | W TANY
1 2 3 4 5
A g 61% | 7% | 73% | 74%* | 4%
V] 32% | 95% | 89% | 94%=x | 16%
B g 15% | 27% | 41%* | 15% | 10%
V] 65% | 97% | 85% | 89%=x | 11%
C (RS 78%x* | 17% | 44% | 61%x | 3%

ilg 65% | 13% | 72% | 77%x | 51%
D Mg 0% |31%x* | 14% | 6% |0.1%
V] 59% | 96%* | 87% | 86% | 23%

E g5 7% 4% [ 28%x* | 22% | 2%
B | 52%+* | 49% | 34% | 30% | 17%
F [CE % | 8%x | 5% 6% 0%
ilg 49% | 62%+ | 49% | 42% | 8%
G [CER 30% | 53% | 55% | 64%x* | 11%
VG 29% | 91% | 93%x* | 92% | 20%
H [CEH 46% | 59%=* | 33% | 23% | 5%

VG 66% | 41% | 79% | 84%x | 4%
SPEE | MEs 31% | 34% | 37%x | 34% | 4%
Vs 52% | 68% | 74%x | 74%x | 19%

6. # =

WET, SEELmHAT 2 71 V8 2B 5
ERBENN L2 2 L &l 7, REeoFEEE b
ROV —FE2HVBIEE, 74V 8 OARJE B o8 T
FECHEERBENRECENT 2LV L TH B,

PEFRIE DL Y FEGDOBREDAHEIT, LHOEER
Wy % & B fE 5 % v THEE 24T > T 7z [12] 75,
7y M TR L) SRR, R fRE)
DGy DR % 3R AT B LT O AP 5 b HE
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o

# 4 FEBHER (RMSE)
Table 4 Experimental results (RMSE).

7.6 ¢ U

K TlE, TOGHz WoMIEH Ny 791 — %
GBI OHEICB W TERELE 25 7 1
VE DFEFICOVTIRAT:, fERITEENC L2 ML v
N B F 72 SIS & B AR AT O FEAR I 145 % 441

BB | e A TANE
1 2 3 4 5
A [TED 47ms | 26ms | 24msx* | 25ms | 73ms
R 53ms | 15ms* | 22ms | 20ms | 52ms
B [TED 63ms | 50ms | 40msx | 62ms | 43ms
i 34ms | 23ms* | 28ms | 25ms | 43ms
C [TED 25ms* | 36ms | 43ms | 39ms | 79ms
i 45ms | 34ms | 17ms | 15msx* | 38ms
D [TED - 47ms* | 53ms | 47ms | 3ms*
EH 40ms | 26msx* | 28ms | 26msx* | 42ms
E [EES 80ms | 59ms | 52msx* | 60ms | 64ms
JEJH | 39msx | 42ms | 50ms | 51lms | 55ms
F [FES 69ms | 61lms* | 69ms | 51lmsx -
Filg 43ms | 34msx* | 35ms | 37ms | 57ms
G [EED 46ms | 38ms | 37ms | 32ms* | 76ms
i 56ms | 12ms* | 16ms 17ms | 47ms
H [EED 51lms | 27ms* | 44ms | 60ms | 55ms
i 37ms | 38ms | 29ms | 27msx* | 51lms
P fiE [EED 55ms | 43ms | 45msx* | 47ms | 56ms
g 43ms | 28ms | 28ms | 27ms* | 48ms
#£ 5 FEEBHR (AR)
Table 5 Experimental results (AR).
BeBRE | e fLE TANE
1 2 3 4 5
SEEIME | MRS | 16% | 23% | 37%+ | 36% | 7%
Fid | 27% | 46% | 6% | 75% | 24%
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ERELHEEN TR THLEEZLZONE, LAL, &
F D ACE RS A, MEE SREE AN N
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[T DAy b TR OREITSBOBRETH
B, F72, TANYELTHAZ Y TRV S DD
Bwod, Ny —7—=2[KEHWD OB RVODE,
T AN Y ORI b D4 S 5 .
MECT/RLZEBY, AR & TOMEE - HE
friE DA DEIIK LT, fEREE - RS %08
T 274005 L0 SRS % &Lk
WM T 574NV DN EL ko7, LaL,
ARan & RMSE 3 —HOMAGHETHRE T2
RS ZRHAT BT ANTOHEL oz, &
NSIEVFRD AR, V&V, Thbb bRTY—ik
WX BHEE AR A% R I ERER L
PHEETE TV RVEATH L. £ OE, SEAK
W a9 A 2 & T ARay, RMSE 332 LT
BY, FHEICHEEIITONTNDE I EDGHY, &
WA 2T 5 7 4 VY OFNEIERTE S,
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