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Unrestrained and Non-invasive Monitoring of Human’s Respiration

and Posture in Sleep Using Pressure Sensors

Yoshifumi NISHIDA **, Masashi TAKEDA *?, Taketoshi MORI *3,
Hiroshi MIZOGUCHI ** and Tomomasa SATO *3

This paper proposes a monitoring system for a human respiration and posture in sleep using pressure sensor array.

The proposed system consists of 221 pressure sensors (Force Sensing Resistors: FSRs) attached to the surface of the

bed. Each sensor of the pressure sensor array is set 5[cm] apart. The novel features of the proposed system lie in

non-invasive and unrestrained monitoring of the human respiration and posture. Non-invasive monitoring eliminates

the need for monitoring needles or catheters to invade the human body, sensors thus do not impose a physiological

burden such as pain on him or her. In unrestrained monitoring, sensors and their electrical cords do not limit degrees

of freedom of his or her movement. Unrestrained sensing therefore does not impose a psychological burden caused by

the limitations on him or her. Experimental results demonstrate that the proposed system is feasible for monitoring

a human respiration and posture for over 6 hours.
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Fig.1 Pressure distribution monitoring sheet set on bed
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Table 1 Technical specification of FSR

Diameter 22.2lmm

Thickness 0.43[mm

Sensitivity range 0.1 to 10.0[Kg/cm?]
Pressure resolution 50[g/cm?]

Cost 1, 600 [yen]
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Fig. 8 Pressure distribution and li
eral position

S
QA,,.,”,H,
Y 3 ureugooeh
$ DUDLSDOGH
® LODUCDUGD
8 CoOGO0A0
$ JoughoSD
2 8 83858850
L
b ¢
L ]

afalafalalalalalalalc 2
ifalalelatatulalalals =
Sddadadadadadadas '\.' ’

P T o L L [ Lo Lo [ o Lo
Lot Eotle Lot Dot ot Lot ot Lot Dot i

Fig.9 Pressure distribution and line of center of gravity in
supine position

Fig.10 Pressure distribution and line of center of gravity in
supine position
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Table 3 Experimental results of posture monitoring for 3 subjects

‘ Subject

| Nishida

Saito

‘ Takeda

Monitor time

7 h 0 min 0 sec

6 h 32 min 26 sec

6 h 02 min 58 sec

Turn times [times]

20

12

22

Turn interval [min/times] 17.5 28.0 14.1
Turn times (VCR analysis) [times] 23 11 24
Turn interval (VCR analysis) [min/times] | 15.8 25.6 15.8

Table 4 Experimental results of respiration monitoring for 3 subjects

ooo \ Nishida \ Tada \ Takeda |
00 000 (0000 [000 [0000 [000 0000
000000 (0000 )[times/min] | 16.67 | 16.95 16.24 | 16.22 12.04 | 12.08
000000 (0000 )[times/min] | 18.03 | 18.03 17.64 | 17.71 12.47 | 12.48
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Pressur

Fig.12 Relation between histogram and posture
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