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/] ABSTRACT /

This study aims to optimize the cochlea-inspired artificial filter bank (CAFB) using El-Centro seismic waveforms and test its performance
through a shaking table test on a two-span bridge model. In the process of optimizing the CAFB, EI-Centro seismic waveforms were used
for the purpose of evaluating how they would affect the optimizing process. Next, the optimized CAFB was embedded in the developed
wireless-based intelligent data acquisition (IDAQ) system to enable response measurement in real-time. For its performance evaluation to
obtain a seismic response in real-time using the optimized CAFB, a two-span bridge (model structures) was installed in a large shaking
table, and a seismic response experiment was carried out on it with EI-Centro seismic waveforms. The CAFB optimized in this experiment
was able to obtain the seismic response in real-time by compressing it using the embedded wireless-based IDAQ system while the
obtained compressed signals were compared with the original signal (un-compressed signal). The results of the experiment showed that
the compressed signals were superior to the raw signal in response performance, as well as in data compression effect. They also proved
that the CAFB was able to compress response signals effectively in real-time even under seismic conditions. Therefore, this paper
established that the CAFB optimized by being embedded in the wireless-based IDAQ system was an economical and efficient data
compression sensing technology for measuring and monitoring the seismic response in real-time from structures based on the wireless
sensor networks (WSNs).

Key words: Compression sensing technique, Cochlea-inspired artificial filter bank, Band-pass filter optimizing algorithm, Peak-picking
algorithm, Reconstruction error, Compressive ratio, Spectrum error, Vibration-based structural health monitoring
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Table 1. RE values for a Filter Bank with 11 filters

El-centro X|XIIISS 0|2

ot CAFB2| x|x{5t 3

oAl
WX RIS A

Bandwidth of Filters (Hz)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.1 0.02871 0.02536 0.02624 0.02902 0.03295 0.03753 0.04172 0.04527 0.04869 0.05162
0.2 0.02802 0.02365 0.02603 0.03089 0.03696 0.04341 0.04985 0.05567 0.06165 0.06647
0.3 0.02781 0.02148 0.02177 0.02694 0.03361 0.04121 0.04846 0.05555 0.06251 0.06933
Filter 0.4 0.02808 0.02057 0.01841 0.02176 0.02773 0.03466 0.04202 0.04893 0.05572 0.06229
Spacing| 0.5 0.02998 0.02263 0.01785 0.01724 0.02045 0.02554 0.03143 0.03788 0.04444 0.05038
(Hz) 0.6 0.02968 0.02316 0.01816 0.01604 0.01679 0.02018 0.02468 0.02990 0.03527 0.04067
0.7 0.02994 0.02444 0.01959 0.01619 0.01538 0.01691 0.02020 0.02442 0.02919 0.03415
0.8 0.03096 0.02582 0.02138 0.01760 0.01523 0.01483 0.01690 0.02017 0.02422 0.02869
0.9 0.03171 0.02679 0.02232 0.01814 0.01504 0.01370 0.01421 0.01662 0.02006 0.02387
1.0 0.03284 0.02820 0.02398 0.02004 0.01674 0.01448 0.01368 0.01428 0.01640 0.01934
Table 2. H/W and S/W of IDAQ system based on CAFB
Category Property
data logger NI-cDAQ-9139
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measurement module NI9263, N19233, NI9237
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Fig. 7. H/W for the IDAQ system
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Table 3. Reconstruction Effect

RE Effect [%]
Excitation table 0.00411507 99.589
Short-span 0.00492642 99.507
Long-span 0.00275122 99.725
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Table 4. Compression Effect

CR Effect [%]
Excitation table 0.17528247 82.472
Short-span 0.08959104 91.041
Long-span 0.04299570 95.701
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Table 5. Spectrum Effect

Recon. signal Comp. signal
SE Effect [%] SE Effect [%]
Excitation table | 0.00653055 | 99.347 | 0.00810412 | 99.189
Short-span 0.00691804 99.308 0.00743593 99.256
Long-span 0.00554943 99.445 0.01335445 98.665
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