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Development of Low-Power and High-Precision
Wireless Acceleration Sensors for Remote Bridge
Health Assessment System with Performance
Verification by Long-Term Operations

Abstract

Preventive maintenance is a standard policy for extending the service life of
bridges. All the bridges are regularly inspected to find and fix minor damages at early
stages. Besides, in the event of large-scale disasters, bridges must be quickly
inspected for possible major damages not only for preventing secondary disasters but
also for securing routes for rescue services. It is crucial for the bridges to be inspected
remotely through wireless communication channels because many bridges are affected
at a time in the event of a large-scale disaster whereas relatively few bridge inspectors
are available.

The resonance frequency and the mode of vibration are the standard indices of
bridge health assessment used after the Great Hanshin Earthquake. Multiple
accelerometers must be synchronized and mounted on each pier of the bridge for
observing the mode of its vibration. Wireless sensors are advantageous in the latitude
of installation. Such wireless sensors must consume little power of the battery in order
to stay ready for a disaster taking place in an indefinite time. Passing vehicles are the
only source of the external force to stimulate the bridge since we cannot keep a special
device such as the vibration exciter. In such a situation, the vibration gets so small as
a few gals that we need high-precision accelerometers.

In this study, a wireless sensor module has been developed which achieves the
required resolution by the low-power analog MEMS accelerometers and the high-
resolution delta-sigma AD converters and achieves the required low noise level by
parallel configuration of the MEMS accelerometers. The wireless sensor modules are
synchronized within the time difference of 1-2ms, powered by batteries durable for
three years, and mounted on each pier on the bridge to constitute a system for bridge
health assessment in terms of the resonance frequency and the vibration mode. For
the sake of its reliable operation after seasons of standby, the whole system is made

up of electronic components that work at the temperature from -20°C to +75°C, and,



especially, the wireless sensor module is firmly sealed to survive even submergences.

The durability and performance of the system has been verified through long-term
operations at the Hikita bridge in the city of Hitachi-omiya for four years. It was
demonstrated that the system worked normally in June 2018, four years after its
installation in June 2014. The batteries lasted for the expected period although we
had changed them every year for the sake of tests that took place much more
frequently than the real operation cycle. Two tests almost four years apart in
September 2014 and June 2018 consistently resulted in almost the same resonance
frequency and mode of vibration. The resonance frequency was consistently
measured in various conditions of stimulations by different numbers of vehicles of
different sizes including a light motor vehicle. Since the vibration of the bridge at
its resonant frequency is persistent for a long time, despite its tiny amplitude, the
spectral analysis for a long time successfully highlights the resonant frequency out of
the other frequency components. That was made possible by the high-resolution and
low-noise accelerometers on which this study focuses.

The system makes it possible to inspect the bridge piers by remote operation
immediately after a disaster for the sake of timely closing down, re-opening, and
helping efficient recovery process after the disaster. The system can be used for
regular inspections as well in the normal time as an efficient means of preventive

maintenance for prolonging the service life of bridges.
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