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Abstract

In recent years, active research has been devoted toward developing a monitoring system using ambient vibration data in order to
quantitatively determine the deterioration occurring in a structure over a long period of time. This study developed a low-cost edge computing
system that detects the abnormalities in structures by utilizing the dynamic characteristics acquired from the structure over the long term for
ensemble learning. The system hardware consists of the Raspberry Pi, an accelerometer, an inclinometer, a GPS RTK module, and a LoRa
communication module. The structural abnormality detection afforded by the ensemble learning using dynamic characteristics is verified using
a laboratory-scale structure model vibration experiment. A real-time distributed processing algorithm with dynamic feature extraction based
on the experiment is installed on the Raspberry Pi. Based on the stable operation of installed systems at the Community Service Center,

Pohang-si, Korea, the validity of the developed system was verified on-site.
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Fig. 1 Schematic diagram of ensemble learning
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Fig. 2 Vibration experimental setup for ensemble learning

Table 1 Description of 6 damage cases

Location
1*'floor 2"floor 3"floor
Case 1 - - -
Case 2 ) ) Remove
1column
Case 3 ) Remove )
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Case 4 Remove ) )
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Case 6 Remove 2bolts - -
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Fig. 3 Representative structure model response from dataset
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Fig. 8 Configuration of housed system
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Fig. 9 Distributed processing algorithm installed in raspberry Pi

Table 2 Alarm level to ordinary, caution and warning status

Sensor Ordinary | Caution | Warning
~0.117g | 0.117g~ | 0.176g~
Natural frequency | ~10% 10%-~ 20%-~

Acceleration

Accelerometer

GNSS RTK Topfloor 1 41500 | /500~ | F/300~
Module displacement
Inclinometer Inclination ~02% | 02%~ | 0.3%~

2] 80% &2 2 -85l th GNSS RTK 52 Z|A4k& H 9
o} AAHA L] A& 7271 QPR 9 PR A A
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33 X129 AR L dolE 5
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3 95 A Al Bl X A
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Fig. 10 Application of the monitoring system developed

in this study
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