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A Physiological Monitoring System Based on Observing Mattress Vibration by Using Ultrasound

O A (L5 TKR)
UCINC N EWN)

44T (R TR)
IR (R TR)

TG (M) 2740 vy VIREEREALE P ER)
KRR (RETR)

Sosuke TSUKAMOTO, Yusuke YAMANA, Hiromichi MAKI, Hidekuni OGAWA, Yoshiharu YONEZAWA
Department of Health Science, Faculty of Applied Information Science, Hiroshima Institute of Technology
Koji MUKALI, Department of Clinical Engineering, International Trinity College

Abstract: A system for monitoring heart rate, respiration rate, and body movement during sleep is developed. The system
is based on observing the bed mattress vibration produced by heart beating etc., and consists of one ultrasound transmitter
and two receivers. The ultrasound transmitter and receivers are placed in a small space which formed with aluminum
supports and plywood board under bed mattress. The transmitted ultrasound is reflected on the mattress’ undersurface, and
the phase of received ultrasound is modulated by the mattress vibration. Since each physiological parameter has different
frequency range, the parameters can be extracted by a phase detector and filters. An evaluation was performed on 6 healthy
male volunteers aged 21.3 + 0.5 years, using three types of mattresses. The results showed that the physiological
parameters were monitored with an 85.8 % average accuracy for all mattresses in supine, lateral, and prone postures.
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Fig. 1 Sensor structure and detection principle
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Fig. 2 Block diagram of signal processing
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Fig. 3. Typical example of obtained signals (right side
lateral positioning)

Table 1 Heartbeat detection rate and the false positive rate
(indicated in the parenthesis) of each mattress and posture

Mattress Left Right

type Supine lateral lateral Prone Average

Sirpingcoil | 86.6% | 79.5% | 702% | 99.7% | 84.0%
F1-P (7.8%) | (19.7%) | (28.9%) | (0.5%) | (14.2%)

Springcoil | 84.2% | 932% | 70.5% | 79.1% | 81.8%
Serta (11.7%) | (7.7%) | (28.9%) | (31.4%) | (19.9%)

Poly- 99.3% 89.3% 76.5% 100% 91.3%
urethane (0.6%) | (14.7%) | (17.3%) | (0.2%) (8.2%)

90.0% 87.3% 72.4% 93.0% 85.8%

Average (6.7%) | (14.1%) | (25.0%) | (10.7%) | (13.9%)
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