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Real-Time Respiration and Heartheat Detector Using a Compact
1.6 GHz Single-Channel Doppler Sensor
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Abstract

This paper presents a real-time respiration and heartbeat detector comprised of a 1.6 GHz single-channel Doppler
sensor and analog/digital signal processing block for remote vital sign detection. The RF front end of the Doppler sensor
consists of an oscillator, mixer, low noise amplifier, branch-line hybrid and patch antenna. We apply artificia trans-
mission lines(ATLs) to the branch-line hybrid, which leads to a size reduction of 40 % in the hybrid, while its per-
formance is very comparable to that of a conventiona hybrid. The analog signal conditioning block is implemented using
second order Sallen-Key active filters and the digital signal processing block is realized with a LabVIEW program on
a computer. The respiration and heartbeat detection is demonstrated at a distance of 50 cm using the developed system.

Key words : Heartbeat Detector, Doppler Sensor, Artificial Transmission Lines(ATLs), Branch-line Hybrid
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Table 1. Geometrical design parameters of a compact
branch-line hybrid.
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Fig. 4. The fabricated and measured results of two
types of the branch-line hybrids.
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Table 2. Performance comparison of two types of the
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T 71&9] | AT g A2 F§
WAL &4 —205 dB —25.8 dB
oY &4 0.2~04 dB 0.2~04 dB
A —214 dB —268 dB
Zxgol 30.9x33.1 mm 21.0x29.2 mm
W A 1,022.8 mm’ 613.2 mm’
H & 100 % 60.0 %

d Ad =5 AN F2E HoFa Ik B
2 &l o) vAtghe dide] YAE HAIAR
7HAE $%d MEE a5, o] Aer B2y
o] E&719] IFA 714 t9e) As = SHH A
g_\;]ﬂ]. =, Acoswtg’] Az o] HHUE T3l W
AR L )=l A WEALE o] Slo]BelEE Bl &
710 2o ASE Bsin(or+9(5) 9 U%% 7}
Ak 719 IF 28 d@xbd] Yehue A%
C sin®d(£)°]3 o5 A9 53 & Fal Zu
Aol =Y AR WE(«(p)l HHs=

H*c} BE o) ~x(n7F FAAA Hrk

oF oA AR &% BAA-RI stolH=
£ Egste] A el A Euj71a 7] 591
%5 249} @A 7] (Mini-Circuits, JTOS-1650), &
7](H|tt|te HMC422MS8), A2 ZZ7|(Hittite, HMC-
374) 5 A& RF 242 ARg-ate] RO4003C 7]
Aol 1% 5(h)¢} 2o] 1.6 GHz 9 g == Al
ME AZFEA AZE A A7)= 85.6x79.2
mmZO]E}

l‘ll‘

6@t 2 Fejo 2x2 A ool Fej(F7)
=240x240 mm) 2 AZE S, AL HE =4
A HHAHE-plane) ol 4] 8.41 dBi 2] Al o]
AE Ao Yepgth S48 2x2 A ojge] <t
Hue 24 292 a9 9% ey 24 43
o} 1% 6(b)ell Blaste JepASITh

V. OfdZ2 ] 2 X" M8

sonse Y

Azg

O—F

@ 9 Ad =52 AM9 7=
(@ A single-channel doppler sensor structure

gLt

(b) AZE 16 GHz &Y A2 =27 AN
(5171=85.6x79.2 mm’)

(b) A fabricated 1.6 GHz single-channel doppler sensor
(5ize=85.6x79.2 mm?)

28 5 794 A g P4 =2 A4
Fig. 5. Frequency direct-conversion doppler sensor.

Iy

41 OFZ2 ] MoX2F

=
-

il

2 AMo A S EE Az 27)7} vefs)
5 Aol TFE 7] wEel 714 o
o tigh AAs opdE 1 AsAE HFES
A%l % DAQ(Data AcQuisition) FHIS 53 715
2 dolHE Y3t tAE AsAy AHS AA
A ok olYs AsAHE Hste] 19 79 22
Tz opdg AFAYR} AHEE 5 Yo,
obgZ 1 NE AT H= DC = A (offset) S A A
at7] 913k 19 F3 IH, AEY TG 24 o]
4ol 153 AT E AATOZHA Ao}/ (diasing)

d
lo

12 K
> &
foyr 1

383



BFEEHEEEHNGE B 185 B4 2007FE4A

8 230 30

4] Single

o | 300 80

.

8

a0 80

4

0 24 \ i
2%2 Array

a 3

8 210 | —— &ingle Antenna

— 2%2 Array Antenna

(a) A& 2x2 %)
olgle] et

(@) A fabricated 2x2
patch array antenna

T8 6. vlolAZAER 3] ofdo] <ty
Fig. 6. Microstrip patch array antenna.

(b) AA HH(E-Plane) <]
A} se
(b) A E-plane radiation pattern

B0’

Preamp.  dth-order HFF  dth-order LFF  Post amp, &
{Remove DC offset) (Anti-aliasing)  Output buffer

a8 7. opdEa AsAelel 14
Fig. 7. Anadog signal conditioning block.

d

] 159 {5 RS AA) 9 A 5
a8l o]5S
SZ7)9F 299 HIYZ FAHY 9l

8(@°ll 27} Sdlen-Key 5538 A9 53} I

=
HelE ek o] BEel 0C 058 e

o Lt
o %
N
S HfF

O

mL 1o
[

=

R
ALP:?j+1

(11)

bol W) AL olls) Re Felz

3

Ol

¢

V()'T
VIN
_ C.CRR, A
N 1 1 1 A 1
s +S( C1R1+ Cle+ CoR, C2R2)+ Ci1CyR R,

(12)

293 guEd 23 A9 §3} BEel ALY

Vour _ ALszc
T s (13

384

1
Il
Ll
R1 | R2
V]N
c2 _VOUT
1 R3
R4
@ A% &3 2H
(@) Low pass filter
R1
AN
Cl |C2
V]N_“ ” >_ VOUT
R2 - >
R3
R4

18 8. SdlenKey 553 ZH
Fig. 8. Sdlen-Key active filters.

We _ 1 + 1 + 1 A
Q CIRI CIRZ CZRZ C2R2 (15)

ZE] A FA B34 ARRE ] A8l o,
=w,=lrads, ¢ =c,=c,1F= Z78a § o]
o

s A (149} (15)0 st thee] #ANS o
=t}
_ 1
Ri="g, (16)
15V 1—-4Q%*(2—A 1p)
2= 2Q (17)



2938t 16 GHz B A =& AXE o83 AA 5% 3 A% 1wt A7

R.R
_ _fr3ft4
Ri+R="p% 4 p 19

4 ()3} (18)25H e 4E 2L & 9k

R3=(R1+R2)ALP (19)

A
N Pryresy CRYR (20)

agal ¢, @ ¢, GRHCE oA Y T

P
&=

_ 10
o (20)

\N
N
o1
T
N
o,
|t
ox,
tlo

oy
rr

2
12
off
B
el
_VE

il
(et
phy
oy

9 %k% Eh:—ﬂr 7E‘°1 T F o

clchizgl WF =400 nF @)

=3 4 (16)~(0) 022 Bee 7 & Ao

Rln:]-ga’ R2n:19,

‘?401]}‘-1 :,1?:51— 116(‘3]— e w .~ w n:]. rad/s, Ci=Cs=
Gl F2 ATHsHe gtol=2 ol okdfst 2 B
E o] &3 AAl Fo= wE 4 itk

C,w
Clwc

R3=R,,%x15.9x10 °=47.7 iR

R1=R2=R1nx =15.9 kgz

R,=R,,x15.9x10 *=95.4 (24)

B oz a4 =15 =1, r =002 Hze &
a9 8b)9k 2 Tx] 19 T3 ZH
I %Ek Nzﬂ A T e 2 %k° a
A9 T3 ZH9 1Y T3
Tel o] A JJrE]' ] 1EE 3 39 X*EM%M
AA 32 gelA AAE 23 SdlenKey 55
ZEo) 725 MR A9 F3 ZE9 19 T3
ZHE 20 AHgst] 431 IH FeiE el A

e S ox
_(|)L
£
m>~
)
ﬂllﬂl

H 3. 23 SdlenKey 553 AY & 19 53 &
Blo] A7 sevHE
Table 3. The design parameters of 2" order Sallen-
Key active low passhigh pass filters.

% | A9 5% 94 | 39 5% 24
Cy, G 400 nF 470 pF
Ry R 15 kQ 15 kQ

Rs 56 kQ 56 kQ

Ry 100 kQ 100 k<

A ZE7)2E HALTIALE ol &atdor 7)o 2=

e wdbd F27] 28 W= voltage follower =
Tdste] opdE As AR FEE 1¢

A
Zo| ALt AR opdz AsAY
9 Tﬂr# S+ 54 4T 27 002~20 Hz
o] 23} o)A 60 dBS] A o]5L siAH, B}
o} WA 80 dBldecade®] 4} S54& RYlTh

—5—H gJZ_;Goi }JJEF'/]E] 1:1]0] 1 ]—‘;— 35 /‘\_]gg}

> 8
o
1o M ot o> of

4w 2lE 2Ea o) EEel Aol Ak
A EFE Azard 4% et 3§ A2
Haiu7] A4 2EF 4% v F7k Al

A T AU IS DA B
A8 U 2 AFAA AR DAQ Th=E
National Instrument/\H PCI-6221 DAQ 7}5?311 PC
of A4 FRE o] AREE AT o] 7F=+ 16 bitse]
TollsS 7HAH, Hd 250 ksals®] AMEH £EE A
Asith. JEE TS Ase g FE =
St Fuke GAdA BEE F A
a9 109 gAY AsA R s
UERRATE DAQ 7t=E F3 +HE Ase
o Bz 7120 Yu), UAg BHE FH3t
E—— /‘]EQ]- /\11} ul—E A]Ei —FE]E]\:]- %ag_ /‘\_]
SE A7 9elA 1 9go] Zn, n&k %f—
3 5H /\JﬂEFA H/Ho] O]TOV

1__1__E o

HeEH BA 7:14,} 7}_ } =0 X%E:lo] A _L‘_;_Z’_r/\

T—r 71 = UH

i

3 K
i
r°"

=2
B

g0} 1 o183l B 5FF9 A U
A

1
x
e
o
ol
£
ot
=)
=
=3
>,
ol
ol
8
O,
o
v}
o
o
Ry
T i
>,



BEEHIEETHGE 185 55458 2007545

(8 AZE oldEa As A F
(@) A fabricated analog signal conditioning block
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Fig. 9. The analog signal conditioning block and its
frequency response.
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