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CURRENT RESEACH TOPICS

Research to evaluate road and railway track conditions efficiently using
vehicle dynamic responses: A smartphone-based Dynamic Response Intelligent
Monitoring System (DRIMS) has been developed to conduct road evaluations
with high efficiency and reasonable accuracy. DRIMS estimates the International
Roughness Index (IRI) based on vehicle responses measured with an 10S
application, which obtains three-axis acceleration, angular velocity, and GPS with
accurate sampling timing; resampling based on the sampling theory is
implemented. Employing the half car vehicle model together with the data
assimilation technique, this response-based profile estimation method can perform
even better than expensive conventional profilers depending on conditions. This
development is now being extended to implementation involving a large number
of commercial vehicles. Furthermore, computer-vision techniques have been
employed to analyze drive recorder images to extract road distress such as
potholes and cracks. A variety of resources and techniques of inexpensive nature
are studied to enable efficient road condition evaluations.

Furthermore, not only the current road condition, but also future deterioration
risks of road is studied. The record of road condition evaluations and traffic
volume and weight information are integrated to evaluate the deterioration risks.

In addition to vehicle road network, the total length of bicycle road network is
increasing; the evaluation and maintenance of bicycle road is becoming important
issues. The road condition evaluation techniques are being extended to the bicycle
roads.

The same approach is applied to railroad track evaluation. In cooperation with
railway-related companies, we are estimating track conditions by inverse analysis
of train movements, evaluating track deformations by computer-vision techniques,
and developing inverse analysis algorithms through multi-body simulation.
https://www.drims.online
https://doi.org/10.1016/j.ymssp.2020.106722
https://www.youtube.com/watch?v=8JswgBaFLn0
https://www.youtube.com/watch?v=09E7-P3KC20

Research to efficiently evaluate the condition of industry infrastructure: Belt-
conveyors at iron works are an important industrial infrastructure supporting our
economy. The support structures of belt conveyors are, however, experiencing
degradation. The failure of these structures can result in operation stop of the
whole iron works. While the need for condition assessment is clear, the
assessment is not easily performed; due to safety concerns, hands-on inspections
on the support structures are allowed during operations. The condition needs to be
efficiently evaluated without interrupting the operation. Using vibration based
structural assessment techniques, together with LDV and other sensors to
remotely measure the target, the condition of the support structures are
investigated. Specific local vibration modes, which are sensitive to structural



member damages, are identified and the load-carrying capacities of damaged
members are assessed. We are developing remote diagnostic methods applicable
to real structures by analyzing the vibration under non-contact excitation such as
acoustic excitation and operational vibration.

We are also conducting research on the application of this technology to
bridges and other structures, aiming at efficient maintenance and management of
infrastructure.
https://doi.org/10.11532/structcivil.64A.354
https://doi.org/10.1002/stc.2349

Rapid post-earthquake assessment of structures: After large seismic events,
quick assessment of critical transportation infrastructures is important. Numerical
simulations and monitoring data analysis are studied to realize the quick
assessment. Stiffness, hysteresis characteristics, and displacement are considered
to be major structural characteristics to represent the structural conditions. These
characteristics are evaluated using numerical models of structures and
acceleration response monitoring data.

https://doi.org/10.1061/AJRUA6.0001213

Research to reveal the live load on road networks: Live load is one of major
causes behind fatigues on the superstructures and pavement. However, the actual
live load condition is not revealed in details. Weigh-In-Motion typically requires
installation of sensors by burying sensors under the pavement; the traffic needs to
be stopped. The installation is costly and time consuming, limiting the widespread
use of WIM. A new Bridge Weigh-In-Motion using wireless accelerometers and
camera based on only batteries, without the need of external power sources, are
being studied to reveal the live load condition on large road networks.
https://doi.org/10.2208/jscejseee.76.2_356

https://doi.org/10.1002/stc.2823

Research to comprehend structural condition and states through flexible
monitoring using ad-hoc wireless sensor networks: When new materials and
new construction methods are employed, monitoring has been often adapted to
comprehend the condition and states to compensate for our shortage of knowledge.
For maintenance of existing structures, those showing behavior/conditions
different from the original design assumption become problematic. Original
assumptions and simulation based on the assumptions cannot therefore address
the issues. Comprehending the structural condition and states through monitoring
become important. However, traditional monitoring techniques are costly and
time consuming prohibiting flexible monitoring; physical quantities of interests of
target structures are not necessarily obtainable. Wireless sensor networks with the
capability of synchronized sensing and battery operation can potentially enable
such flexible monitoring.

The use of wireless sensors for such flexible monitoring were however not
practical. Communication distance was too short. Synchronization accuracy was



too poor. The battery life was too short. The measurement accuracy was too poor.
Academic research on wireless monitoring was not practical solutions toward
addressing engineering problems. New wireless sensors addressing all of these
problems have been developed in collaboration with Morikawa laboratory, the
University of Tokyo. The sensors have been utilized in seismic response
monitoring, detailed dynamic problem investigation on a cable-stay bridge, easy-
to-install Bridge Weigh-In-Motion, and other applications. The wireless sensors
enable monitoring of physical quantities when and where needed, in flexible and
ad-hoc manners. The monitoring, together with data assimilation techniques
which integrate numerical model and a large amount of data, aims to clarify the
loading, structural system performance, characteristics of system output such as
vibration and deflection, as well as to provide feedback to the design and
maintenance.

https://doi.org/10.1002/stc.1588
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