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Short-Range Radar Sensor System Using Continuous Wave Signals
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Abstract

A short-range radar sensor was proposed and developed for remote vital signal detection using GHz-band continuous wave (CW)
signals. The proposed radar sensor system transmits and receives narrow-band CW signals for monitoring variations in respiration and
heartbeat rates at a distance of less than 1 m. Based on the path loss calculation using a human layer model, each radar module,
operating at 915 MHz and 2.45 GHz, is implemented with miniaturized antennas, passive components, and a low-noise amplifier
integrated circuit. Signal processing algorithms based on a wavelet transform and variable threshold voltages are proposed to accurately
detect vital signs in the frequency band at approximately 1 Hz from time-domain raw data. The measurement results from six subjects
demonstrate that the proposed radar sensor can detect vital signs with an accuracy exceeding 95% as compared to commercial
electrocardiogram sensors.
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Fig. 1. Block diagram of the radar sensor using CW sig-

nals.
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Fig. 8. Test setup for vital signal detection using the pro-
posed CW radar sensor operating at 915 MHz.
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Fig. 9. Vital-signs spectra measured by the proposed 915-
MHz CW radar sensor and the reference sensors.
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Table 1. Detection accuracy of vital signs depending on mea-
surement distances by using the radar sensor.
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Table 2. Detection accuracy of vital signs for six subjects
by using the radar sensor.

Respiration Heart rate

Subject | Radar |Reference| Error | Radar |Reference| Error
(BPM) | (BPM) | (%) |(BPM)| (BPM) | (%)

11.96 1199 | -025 | 8550 | 8568 | —021

13.67 1371 | =026 | 76.92 | 73.68 4.40

10.25 1028 | -0.29 | 71.82 | 70.26 222

18.80 | 1885 | —0.25| 70.08 | 73.68 | —4.89

A
B
C 1538 | 1543 | -0.27 | 8886 | 90.84 | —2.18
D
E
F

1025 | 1028 | -0.29 | 86.08 | 85.68 0.47

error - - 0.27 - - 2.39

Respiration Heart rate

Distance

(cm) Radar |Reference | Error | Radar |Reference| Error

(BPM) | (BPM) | (%) | (BPM) | (BPM) | (%)

20 13.67 | 13.69 |-0.13| 7524 | 72.00 450

40 13.67 | 13.69 |-0.13| 70.08 | 70.02 0.09

60 1538 | 1541 |-0.16| 66.66 | 66.84 | —0.27

80 13.67 1406 |-2.77| 6498 | 6516 | —0.28

100 1709 | 17.11 |-0.09| 6498 | 6516 | -0.28

120 17.09 | 1548 |1043| 6498 | 66.84 | -2.78

140 N/A 13.69 | NA | NA 66.84 | N/A
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Table 3. Comparison of vital signals of 10 subjects measured
with the proposed algorithm based on the wavelet
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Subject Contact sensor Peak Auto- | Proposed
{Reference? ; )
detection | correlation | method
Male A 75 82 75 70
Male B 80 88 67 79
Male C 72 84 66 69
Male D 64 74 60 65
Male E 65 76 72 65
Female A 66 70 67 64
Female B 70 84 75 72
Female C 66 78 60 69
Female D 62 76 75 67
Female E 70 78 60 65
MER (%) - 14.3 94 3.9
SD% - 3.1 7.6 32
SoHEL 208 Fo Wk Aukg 34 Ass 29 103
1o Mo} o] AlsAe] dxg 7|9 FAsHA 23
Ak} oo tigk FHA BT 71FE A4 9 wiste}
FU% FUE ZHU. 55 A 22 A4

Heart rate [bpm]
SDRR [bpm]

( ¥% At (b) EFHA
(a) Heartrate per minute (b) Htandard deviation of
heartrate

8 10 2027 SAF dlolHdl 60x A=t 715 4
£8 495 BUHY 23 23

Fig. 10. Heartrate monitoring with a window size of 60 se-
conds measuring for 20 minutes.
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Fig. 11. Heartrate monitoring with a window size of 300
seconds measuring for 20 minutes.
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Table 4. HRV analysis of the mHR in the wake-drowsiness states from the measured data by using ECG and CW radar
Sensors.
Heart rate by 60 s window (BPM) Heart rate by 300 s window (BPM)
Subject ECG Radar ECG Radar
Wake Drowsiness Wake Drowsiness Wake Drowsiness Wake Drowsiness
1 67.00 66.10 67.00 65.19 68.60 65.73 68.40 65.93
2 81.12 8235 74.44 74.02 81.32 81.48 76.10 74.60
3 84.09 73.85 81.17 73.29 84.72 75.67 81.31 75.26
4 86.23 84.08 76.83 79.60 87.00 83.65 79.00 80.04
5 71.87 69.05 72.04 69.57 71.69 69.94 72.02 70.24
6 7532 63.63 75.41 63.85 73.80 64.79 73.20 64.87
# 5. CW dlojth A9 ECG AIME ol&ste]l 34 92 1A FFUASDNN)O] tieh S5 Aed Audols &
4 23
Table 5. HRV analysis of the SDNN in the wake-drowsiness states from the measured data by using ECG and CW radar
Sensors.
SDNN by 60 s window (ms) SDNN by 300 s window (ms)
Subject ECG Radar ECG Radar
Wake Drowsiness Wake Drowsiness Wake Drowsiness Wake Drowsiness
1 63.96 80.74 92.10 293.10 5532 86.20 80.17 276.33
2 45.67 48.24 282.66 284.73 53.80 67.25 230.69 260.10
3 48.91 64.03 157.02 296.04 45.79 67.02 160.97 242.32
4 25.38 3232 222.52 195.04 34.85 37.40 240.13 207.84
5 51.38 60.55 125.68 201.96 52.05 66.48 122.68 203.76
6 37.60 50.80 114.41 94.15 51.81 54.98 149.19 103.00
® 6. CW #oltt AlX ek ECG AN E oldated A dagt xFAARMSSD)Y et E2 e Aubdolr £4
A3}
Table 6. HRV analysis of the RMSSD in the wake-drowsiness states from the measured data by using ECG and CW radar
Sensors.
RMSSD by 60 s window (ms) RMSSD by 300 s window (ms)
Subject ECG Radar ECG Radar
Wake Drowsiness Wake Drowsiness Wake Drowsiness Wake Drowsiness
1 87.77 88.42 122.80 484.09 65.75 91.06 112.69 456.19
2 57.74 54.98 436.97 451.69 45.47 61.82 369.81 425.13
3 4143 59.67 23531 498.14 36.94 60.59 243.03 394.42
4 15.64 28.31 357.80 319.81 38.53 29.12 380.74 326.17
5 57.62 66.45 204.09 319.75 49.92 67.50 199.46 322.03
6 34.87 57.53 392.29 378.55 36.94 60.95 243.03 162.50
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Fig. 12. Signal waveforms of the ECG and the CW radar
sensor in time-domain.
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