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Abstract This paper presents a microwave array radar system for monitoring and imaging human respiratory
motion. We developed a 2.4-GHz nine-element array radar system and introduced a respiration-sensitive radar
imaging algorithm that locates the body part undergoing respiratory motion and measures the respiratory rate. We
adopted a beamformer-based radar imaging method using a bandpass filter matched to the respiratory frequency.
The proposed system located the body part undergoing respiratory motion with an average error of 14.4 cm and
measured the respiratory period with an average error of 0.65%. These results indicate that our array radar system
is effective at monitoring sleeping people for respiratory disorders such as sleep apnea syndrome.
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Fig.1 Photograph of the array radar designed and fabricated for

this study.
2.45 GHz
4 dBm 28dB Y
. S
@ pouer Am T« \
Sig.Gen. P
Cut-off Phase 8ch Rxd
26dB  10kHz Shift Diode Switch
oo " ifter | Y Rx2
ampling X
Baseband IPF  \jixer P
Amp. 2 .
Cut-off N . . R
10 kHzQ - . Target Person
<JHZ] ]
Baseband T[pF \yior

Amp.
Antenna Array

Digital Data

Control

B2 L—XYRFLDOTH Y M
Fig.2 Block diagram of the array radar system.
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Fig.5 Cross-correlation function between the template and re-

ceived signals.
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Fig.6 Photograph of the experimental setup with a participant
lying on a bed.
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Table 1 Estimation error of the positioning of the body part with

the maximum respiratory motion using the array radar

system.

Subject | Case | Image | Difference (cm)

Casel | Ip(z,y) 19.4

I(z,y) 18.9

A Case2 | Ip(z,y) N/A

I(z,y) N/A

Case3 | Ip(z,y) 24.6

I(z,y) 22.0

Cased | In(z,y) 12.0

I(z,y) 11.1

Casel | Ip(z,y) 17.3

I(z,y) 15.0

B Case2 | Ip(z,y) N/A

I(z,y) N/A

Case3 | In(z,y) 6.3

I(z,y) 5.2

Cased | Ip(z,y) N/A

I(z,y) N/A
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DAR=VVITIENTHE LD, /2, WHREOAEIZ

Displacement (a.u.
.

0 10 20 40 50 60 [ 10 20 40 50 60

Time (s) Time (s)

B 10 #B#E A (Cased) DIFBOLLL (R B & CIFEE (9%

bR (AR (L =Xz L 20E (FHEMR) & B IR
ZEBRE GRIGR) DB

Fig.10 Reparatory displacement (left) and respiratory period

(right) of subject A (Case 4). The data obtained using

the array radar (blue) and a contact respirometer (red)

are compared.
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Fig. 11 Reparatory displacement (left) and respiratory period

(right) of subject B (Case 3). The data obtained using
the array radar (blue) and a contact respirometer (red)

are compared.
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B, 7 D& S IZHERE OMIER & BERDORIZ N Y RIRO B D
RNl E R 2 5T 5. ZOHIERTERONDEENSFHES
NEEEHEEEE T 5. £/, 7L L= L THWRWE
BOEF v I VL — AN SB/ENBEE s1(1), s2(t), -, 5s(t)
MO INBIPEI L DL EITS. &, IR E %z
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TWa., WTFNOME HEEA L — X2 & B HERHE, R
DPERAEIEIEGHC L A HEHRTH D, WTNORIZBEWTH
L — ZIZ & B ERS R AT OIPIREH I & BHIERR L &<
—HLTWBZ b hrs.

212V —XTHIE L RO RMSE Lfi%E%2RT. &
Case IZBWT LEAEF ¥ 2L & BIEEE, FHHAR (9)
WRUEZERERICE BRI TH L. BF ¥ XIEFITLD
HEEIPIRELD RMSE & #7413, & Case T8 F ¥ 3L 2L
EHEDLLTWS. s1(b),s2(t), -, ss(t) 12 & BIFHEEIE, T
Y4L T RMSE 2 89 ms, #4725 1.56 % TH 5. —H, Sresp(t)
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£2 TUAV—ZY AT LTHRE U = #ENFIRE D -4 — FedizE
Table 2 Root-mean-square error of the estimated respiratory pe-

riod using the array radar system.

Subject | Case | Signal | RMSE (ms) | Error (%)

Casel Single 83 1.47
Proposed 38 0.68

A Case2 | Single N/A N/A
Proposed N/A N/A

Case3 | Single 91 1.46
Proposed 29 0.46

Cased | Single 56 0.90
Proposed 49 0.78

Casel Single 79 1.61
Proposed 39 0.79

B Case2 | Single N/A N/A
Proposed N/A N/A

Case3 Single 135 2.36
Proposed 31 0.54

Case4 | Single N/A N/A
Proposed N/A N/A

BB LH5 240 EENTVS L DD S,
5. & i

AL TIIIENES A A —Y > 7DD 2.45 GHz # 9 3
TTVA V=KV AT LDRSE, NV RRZT7 4 VX ERAN
T IERGEE) 1 A — 2 ¥ T OEFEIZ DN TRz,

TUAT VT FHRETHDORY Nilizb o7 2 AOHEBE
EHRE UERORBORUETIE, NV FRAT 1V %EH
W BETEIC & D P 144 cm T A=YV T2 EHT
El. ZHEFANYRARZAT 4 VR EH R WRESED TR L
THREN 1.1 EOWEETH - 7.

F - 0PEE (FPORRERE) (X, PRRGEBI A A — 2 v 712 & D
FEUEAMEEAMIZEHL, ¥—AT7 53—~ —I2E3%F v %
WVERE BT 5 Z &, F¥ RMSE %% 37 ms, #E#7% 0.65
% OMETHETHI LN TERZ. ZHIEHEF ¥ 32VEETE
S NIz HEEPFIREUZ ST U THEE 2.40 5 OBHETH > 7=,

MEXORFETHFELEZT LA L —X VAT LI, WRIREH
2 & 2 NMED AT E & FFIRE O IR E Ic AR TH D &
WO RERMAE S N, S8, T DY AT LSRR TR E
HE QIR SR DI ED VAT TICEBTE S Z
LEMRT S,

ECl 2

AWFZED —Hf ik H AR BITLE 19H02155, JST & &
A JPMJPR1873, JST COI JPMJCE1307 ®BIERIZ & b 5
7.
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