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(D(1) Development of Sensing and Power -Gener ating Devicesfor Core Monitoring: A tipping bucket sensor
device (TB$ was developed for conducting fault diagnostics of pumps using only vibration-based
generator. We developed an ultra-low power analog circuit; a device that harvests energy from
vibrations using ScAIN, a new material with high piezoelectric properties; and a high-efficiency
rectifier circuit specifically designed for the vibration-based generator. Self-sustaining operations
for detecting vibration levels of a sensing target were verified through wireless transmissions
powered by the vibration-based generator.

(2) Devdopment of a Wafer-Leved Packaging Technology for AIN Piezoeectric Devices Used in Core
Monitoring: With the objective of mass-producing AIN piezoelectric devices, we developed
prototypes of a low-frequency vibration sensor (power-generating device) (LVS) and a high-
frequency vibration sensor (HVS). Thus, we started providing the sensors to a P-type node (plastic
bottle cap size) manufacturing.

(3) Development of Sensor Nodesfor Core Monitoring: We developed the P-type node equipped with a
LVS, a HVS, a thermistor, and a wireless module, enabling wireless transmission of vibration and
temperature data for the installation point. A sensor data collection node was also developed for
collecting wireless data from a plurality of P-type nodes and for wirelessly transmitting this data
to an M-type relay node after adding a time stamp and other information.

(4) Development of a Network System for Core Monitoring: We developed a low-power, multi-hop
wireless network system capable of transmitting and receiving data for ten years without battery
replacement. To ensure the system could operate for ten years, we developed a time-synchronized
power-saving communication method with a clock-correcting function, and a smoothing technique
for the number of sensor data collection nodes connected to the M-type relay node.

(5) Development of a Core Monitoring System: We developed a tipping bucket emulator, which is a
signal generator that generates pseudo data for TBSs to simultaneously develop and improve the
TBS. Using this simulator, we collected vibration data for pumps and established data filtering
such as determinations for starting and stopping pumps, and fault detection logic including for
calculating the time remaining until maintenance is required.

@ (1) Development of a Monitoring Sysem for Diagnogtics on District and Hospital Energy Supply
Facilities: We selected two facilities for verification tests, including a hospital having equipment
rooms on two stories, and a district heat supply facility provided with large machinery, and
collected vibration characteristics of pumps using conventional acceleration pickups. A system with

prototype P-type sensor nodes was constructed at each of these facilities.
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