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An 2.4 GHz Bio-Radar System for Non-Contact Measurement
of Heart and Respiration
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Abstract

In this paper, we present a performance analysis and design and implementation results of a 2.4 GHz bio-radar
system that can detect human heartbeat and respiration signals. In order to design a 2.4 GHz bio-radar system qualita-
tively, we investigate the electromagnetic properties of human tissues and calculate the target SNR of demodulation
output with respect to distance. The target SNR is defined by the 90 % success ratio for detecting heartbeat signal.
With this target SNR value, the performance and link budget of the bio-radar system is simulated using MATLAB,
Using this link budget results, the direct conversion receiver is designed and implemented in 4 layer printed circuit
board(PCB). With output power of 0 dBm and 5§ Hz bandwidth, 80 % success ratio of 50 cm is measured. Measurement
results show a good agreement with simulation results.

Key words : Biomedical Monitoring, Bio-Radar, Doppler Radar, 1/Q Diversity, Path Loss, Phase Noise, Radar Cross

Section

lo

.M 2 g ol $AHE BEY 3L ALTE Rl
QeAH, ol A7 AHgo] YT, Aok} &
Zuwds L ITRT §8 71es BUE A% 4 BAAAE AL B e Bl ek

e

2 o188t A% R 3F A3E FHY & de vl A ol FHE FE] A3 WS WHoR
|2 #olH AlA”e] B #Yo] FeiA L AUtk 3F ¥ AeE S48t vol2 dolr Al
A AL R 3F ASE ZHH) AME AF 287 gun,

AHh 8L 2 7)1 75 8 2H(Department of Electrical and Electronic Engineering, Yonsei University)
*S R 8 A A3 R (Department of Electrical Engineering, Kookmin University)

= & W E 0 20071130-148

SRR 2008 1€ 219

191



BEERIEPERIGE 195 25 2008528

Hho] © Fojr] A|2" e 1970d Y HLoZ )
HAzd, AEdE N2 237t 27 237
= omol 38 Agstaty) Pl s
HZ WEA, RF, §4 7% 59 2gR Agany

A 34AGE 2 Fd 7bsd 2ol gus
7 T4 Atk FAZA Y wol & Fojre] B

AT TS AU FIEY 3194 A A
¥ & 3Hrange correlation effect)2 13 YA F& 7+
& &AE FHFAL, At Holdl Alo]gf o F
7129 wste) }E 24 EFE g WAL o) L3
A WE 4417|(direct-conversion receiver)S A3}
o A2 + AFE olEHoE BMYY). X,
of ERANME 1 mWe 2380F | m o4 Fo
AAQY A9t 2 3F NEE 248 5 gojy &
Eog o, Ay AHUE o851 2H Aas}
dolgeE M 4 Utk

¢

o9, A4 A Weol T i o]4ke] Ake] gl A
FAL $Fo] Erb5stts By itk uwely
e tF LEHMIMO: Multiple Input Multiple
Output) A2 Mz 71&& 0|43 Hlo] @ oy A
2do] 418y i 7 g arctangent &% W}
A& o] &3 utolQ Fojg A2 2 ulo) 9 o)
A EH Yl 5 F2L Qoir] P AN =
=0 = gos A7t A893 g

AR "R 7kA] wlo] @ oy A|AEE SNR
SHAM AAHLE HAGE A7 RIS AR
olt}. ol A 93 AZ &Ao] AN oY
o= Al 713 Way B =EqAE blojo
Hold Al2dS 3 A 2 SNR QS B3 A
2R o8 HAsY, o]E wEeoz Fu st
A712 vpol L gy AAHL AA|, A=ad,
HA A2 &45 SNRY WHE A% 4L 519,
vl FolH e A WAL 7Yt o ulg
22 0dBm ¥ A¥, 5 Hz I Z9] #$ 50 cmoll
A 90 % success ratio® ZHE 2.4 GHz HHo] . dlolg
AR AA 2 AR 34 ARE AN

192

DSP

Bio-radar system

JE 1. ol NAYE o8 e IA AR 2
Fig. 1. Bio signal detection using bio radar system.
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Fig. 2. Block diagram of digital signal processing in
a bio-radar system.
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Table 1. Electromagnetic characteristics of various hu-
man tissue at 2.4 GHz.

Impedance Attenuation Thickness
(2] (2] [mm]

Air 377 -

Skin 63.43 33.63 5

Fat 170.88 9.27 5

Muscle 51.45 39.79 15

Heart 48.67 48.68 55
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Table 2. Sensitivity and required signal level of a
bio-radar system.

Target | Success | Sensitivity | SNR | CNR | NF
range(em) | ratio(%) (dBm) (dB) | (dB) | (dB)
50 90 -120 -3 25 17
80 90 -130 -8 25 14
120 90 -135 -8 25 7
50 60 -120 -12 ] 21 24
80 60 -120 -12] 21 16
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for heartbeat and respiration detection.
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