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( Detection of Heartbeat and Respiration Signal Using the Aircushion

and the Frequency Domain Filter )
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Abstract

In this study, we have proposed a simple cardiorespiratory monitoring method based on displacements of human body which
occurs due fo periodic heartbeat and breathing. The proposed systern consists of an aircushion, pressure sensing hardware and
heartbeat and respiration signals extraction algorithm. The aircushion was used for unconstrained measurement of the
respiration and heartbeats without a sensor attached on the subject’s skin surface. The displacements of subject sitting on the
aircushion cause small pressure variations. These variations are amplified and filiered with the pressure sensing hardware.
Finally, heart rate and respiration rate are extracted by signal processing algorithm based on frequency domain filter. To
evaluate the performance, extracted respiration and heart rate from proposed system Wwere compared with conventional methods.
The average sensitivity of respiration and heart rate are 98.67% and 99.24%, respectively. These results show the proposed
method has advantages of installing and processing simplicity so as to be used easily in unconstrained respiration and heart
rate monitoring in daily life.
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Fig. 1. The block diagram for the respiration and heart
beat measuring system.
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Fig. 7. The filtered signal and the reference respiratory
signal: (a) Output signal of pressure sensor, (b)
Filtered respiration signal from pressure sensor,
{c) Respiration signal as reference.
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Fig. 8 The filtered signal and the reference PPG
signal: (a} Output signal of pressure sensor, (b)
Filtered heartbeat signal from pressure sensor,
{c) PPG signal as reference.
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Table 1. The pulse sensitivity(PSE.) and pulse positive
predictivity(PP")  obtained from the filtered
respiratory signal.
Subjects | TTPN | TFPN | TFNN | PSE.(%) | PP'(%)
1 38 0 0 100.00 100.00
2 84 0 4 9PH45 100.00
3 55 3 1 98.21 W82
4 104 3 0 10000 | 97.19
5 143 0 1 99.31 100.00
6 104 3 1 9.4 9719
Total 578 9 7 98.67 98.20
E 2 HMHM zHAMSE ZeEsto] de ek
39 HA iR B HA UM o EZ
Table 2. The PSE. and PP’ obtained from the fitered
heartbeat signal.
Subjects | TTPN | TFEN | TFNN | PSE.(%) | PP'(%)
1 407 0 3 99.27 10000
2 452 2 4 99.12 99.56
3 239 12 0 100.00 95.22
4 432 5 3 9931 98.86
5 441 1 7 98.44 977
6 419 5 3 99.29 98.82
Total | 239 % 20 99.24 9870
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Table 3. The PSE. and PP" obtained from PPG signal.

Subjects | TTPN | TFPN | TENN | PSE.(%) PP (%)

1 407 0 3 9927 | 10000

2 453 1 1 9078 078

3 250 1 1 %960 99,60

435 2 0 10000 | 9954

5 442 0 0 10000 | 100.00

6 21 3 3 929 929

Total | 2408 | 7 8 99,65 9970
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glsto] Uehdct olw Av HEES vuwsy] 919
NEAsE ALdEsr ALEd SRR &
dy ANEE Felygd 4w As= PPGOl HlE W
2 AREE RojAY vjud 52 FA7 EEHA
&5 ¢ F Yk g Y dEEE GHAMGN &
A9 A7} PPGo) B8 B B2 @S Hol7lk 39
thol: ey @ AF Fes vluy dAs
2 AuEn & 2

o B9 13 o] FEAN A5E BEAT A5
PYAZES} PG 2E ASE ARor 1A 93

)
Aol 9lel Hit 1%2] Aol& HHvh H3 71ES] <
TA #Hd ooue AuHE #HA UgE ¥
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& F U
5. 38 9 Mur HEQ B AE2 HA
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s FF AFT HxHroot mean square deviation,
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Table 4. Root mean square deviation of filtered
respiration rate and heart rate.
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L)

Respiration—pr ECG vs
PIAUOnPE | 506 vs PPG
essure Sensor pressure Sensor
Average 0.85 0.56 1.76
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