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Fig. 1 Photograph of fabricated Quartz Cristal Resonator (QCR) load sensor.

(Size: 1 mm x 1 mm x 0.45 mm, Measurement range: 0.09 mN — 80 N)
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Fig. 2 Concept of biosignlas monitoring device for neonates.
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Fig. 3 Comparison of measured heart rate with reference data after error elimination.
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1. Purpose

Biosignals of immature babies are currently measured by the wearable sensors. However, skin
of immature baby is very weak and the wearable devises tend to cause serious skin damage by long time
monitoring. Moreover, multi—-modal information is needed for the monitoring of biosignals including
weight which cannot be measured by the conventional wearable sensors. Therefore, simple and
noninvasive sensing system is needed. Our purpose is to develop a noninvasive monitoring system of
biosignals of neonate using quartz crystal resonating (QCR) load sensor, which has wide dynamic range
of force measurement. The system will be used for continuous and real time monitoring of biosignals
of neonates such as body weight, respiration, and pulse at Neonatal Intensive Care Unit (NICU) and
Growing Care Unit (GCU). The system will contribute to assure safety of neonates and to provide relief

by reducing the burden of medical staffs

2. Results
1) Improvement and evaluation of quartz crystal resonating (QCR) load sensor

We have developed QCR load sensor, which has wide dynamic range of force measurement (10°).
For the monitoring of biosighals of neonates, sensitivity of the sensor was improved, and its
measurement range was measured between 0.09 mN and 80 N (Fig. 1). Moreover, temperature compensation
was conducted and its temperature sensitivity was —0.3 mN/°C between 15°C and 45°C.
2) Noninvasive monitoring system of biosignals

For the measurement of biosignals of neonates, force transmission mechanism was developed and
QCR load sensor was incorporated. The noninvasive monitoring system of biosignhals of neonate was
developed as shown in Fig. 2. Four QCR load sensors are placed at each corner. Weight of the neonate
was measured by summing 4 sensor outputs. It was confirmed that balance of four sensors is important
for accurate weight measurement. Stiffness of the bed is also important to eliminate the effect of
mechanical vibration, especially for the measurement of pulse
3) Monitoring results of biosignals of neonates

Biosignals of neonates were measured in the room of hospital. The body weight was measured
and the error was 2.84 N. The error was caused by the balance of 4 sensors at each corner. Difference
of sensor signals in y direction (head and foot direction) were effective to improve s/n ratio for
detecting respiration and pulse. We developed an original algorithm to improve the accuracy of
measurement of respiration rate and pulse rate. Respiration rate was measured and compared with the
reference data. The average error was —0.4 bpm(-1.23 %), and standard deviation was 2.8 bpm (8.6 %).
Pulse rate was measured and compared with the reference data. A lot of detection errors were observed.
Therefore, we developed an original algorithm to eliminate the detection errors based on the FFT
analysis. As a result, The average error was 0.6 bpm(-0.3 %), and standard deviation was 6.1 bpm
(4.1 %) as shown in Fig. 3. The detection rate of the pulse was 47.6 % in total. For each period of
20 seconds, the detection rate of the pulse was 47.7 % in average and its standard deviation was
12.7 %. The maximum detection rate was 68.0 % and the minimum detection rate was 19.6 %. The body

motion of the neonate is the main reason of detection errors.

3. Conclusions

The noninvasive monitoring system of biosignals of neonate was developed using QCR load
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sensor, which has wide dynamic range of force measurement. The sensitivity of the sensor was improved,
and the sensor was sensitive enough to detect the force signal from the neonate on the bed. We
developed an original algorithm to detect the biosignals and to eliminate detection errors. The body
weight, respiration rate, and pulse rate were measured with non—contact manner. We plan to improve
the algorithm and property of the system. The system will contribute to assure safety of neonates and

to provide relief by reducing the burden of medical staffs
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