Trans. Korean Soc. Noise Vib. Eng., 25(11) : 787~797, 2015
http://dx.doi.org/10.5050/KSNVE.2015.25.11.787

e

=% M253# ®M 1135, pp.787~797, 2015
598-2785(Print), ISSN 2287-5476(Online)

9% 2ol a7 AT Y] 49

An Experimental Study of the Cochlea-inspired Artificial Filter Bank(CAFB)
for Compressed Sensing

84

Gwanghee Heo, Joonryong Jeon and Seunggon Jeon

(Received October 16, 2015 ;

Key Words : Structural Health Monitoring(7-% A% ZUYE| ), Cochlea-inspired Artificial Filter Bank(&-j©]
K279k 9l-F-HEWi =), Band-pass Filter Optimizing Algorithm(THS 532 e A3l duds

Peak-picking Algorithm( 7% A& &318]55), Wireless Multi-measurement System(F-4 TFE 7|2

A]2~El), Compressed Sensing(4=5414)

Revised November 16, 2015 ;

Accepted November 16, 2015)

=)

JIN

ABSTRACT

In this paper, a cochlea-inspired artificial filter bank(CAFB) was developed in order to efficiently

acquire dynamic response of structure, and it was also evaluated via dynamic response experiments.

To sort out signals containing significant modal information from all the dynamic responses of struc-
ture, it was made to adopt a band-pass filter optimizing algorithm(BOA) and a peak-picking algorithm
(PPA). Optimally designed on the basis of El-centro and Kobe earthquake signals, it was then em-
bedded into the wireless multi-measurement system(WiMMS). In order to evaluate the performance of

the developed CAFB, a vibration test was conducted using the El-centro and Kobe earthquake signals,

and structural responses of a two-span bridge were obtained and analyzed simultaneously by both a
wired measurement system and a CAFB-based WiMMS. The test results showed that the compressed
dynamic responses acquired by the CAFB-based WiMMS matched with those of the wired system,
and they included significant modal information of the two-span bridge. Therefore this study showed

that the developed CAFB could be used as a new, economic, and efficient measurement device for

wireless sensor networks(WSNs) based real time structural health monitoring because it could re-

construct the whole dynamic response using the compressed dynamic response with significant modal

information.
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Table 1 Reconstruction error(RE) for a filter bank with 10 filters(using El-centro earthquake wave)

Bandwidth of filters(Hz)
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1.0 - 0.19930 | 0.16497 | 0.13378 | 0.109 31 | 0.09347 | 0.087 13 | 0.09036 | 0.10278 | 0.12373 | 0.152 50
0.9 - 0.19515 | 0.15896 | 0.128 16 | 0.10692 | 0.09705 | 0.09893 | 0.11214 | 0.13588 | 0.16920 | 0.211 18
= |08 - 0.19374 | 0.15711 | 0.128 10 | 0.11125 | 0.108 70 | 0.12073 | 0.146 50 | 0.184 74 | 0.234 06 | 0.293 20
% 0.7 - 0.18970 | 0.15631 | 0.13387 | 0.12719 | 0.13762 | 0.164 62 | 0.206 88 | 0.26290 | 0.33124 | 0.41053
; 0.6 - 0.18396 | 0.148 14 | 0.13360 | 0.14171 | 0.171 14 | 0.21986 | 0.28583 | 0.367 19 | 0.46229 | 0.569 57
§ 0.5 - 0.18357 | 0.14861 | 0.14443 | 0.17345 | 0.23217 | 0.31612 | 0.42141 | 0.544 84 | 0.683 78 X
0% 0.4 - 0.19240 | 0.17890 | 0.21053 | 0.28428 | 0.39277 | 0.529 62 | 0.689 71 X X X
;15 0.3 - 0.19745 | 0.216 61 | 0.298 17 | 0.42797 | 0.593 87 | 0.787 41 X X X X
o2 - 0.23026 | 0.29689 | 0.422 03 X X X X X X X
0.1 - 0.250 73 X X X X X X X X X
0.0 - - - - - - - - - - -
Table 2 Reconstruction error(RE) for a filter bank with 10 filters(using Kobe earthquake wave)
Bandwidth of filters(Hz)
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1.0 - 0.004 51 | 0.003 54 | 0.00264 | 0.00192 | 0.00143 | 0.001 19 | 0.00121 | 0.00146 | 0.00195 | 0.002 64
0.9 - 0.004 28 | 0.00324 | 0.00236 | 0.001 75 | 0.00144 | 0.00145 | 0.00177 | 0.00238 | 0.00326 | 0.004 38
E 0.8 - 0.004 41 | 0.00339 | 0.00260 | 0.002 14 | 0.00207 | 0.00237 | 0.00304 | 0.004 04 | 0.00534 | 0.00692
§ 0.7 - 0.004 12 | 0.003 15 | 0.002 57 | 0.002 44 | 0.00276 | 0.003 50 | 0.004 64 | 0.006 14 | 0.00797 | 0.01010
-%j 0.6 - 0.004 16 | 0.00322 | 0.002 81 | 0.00300 | 0.00376 | 0.00507 | 0.006 86 | 0.00909 | 0.01173 | 0.01472
g. 0.5 - 0.004 39 | 0.003 54 | 0.00344 | 0.00428 | 0.00599 | 0.00846 | 0.01157 | 0.01523 | 0.019 34 X
C’é 0.4 - 0.004 90 | 0.00554 | 0.00728 | 0.00994 | 0.01337 | 0.01741 | 0.021 95 X X X
N 103 - 0.005 33 | 0.006 18 | 0.00794 | 0.01051 | 0.01376 | 0.017 58 X X X X
0.2 - 0.005 51 | 0.006 50 | 0.008 32 X X X X X X X
0.1 - 0.005 72 X X X X X X X X X
0.0 - - - - - - - - - - -
790 | Trans. Korean Soc. Noise Vib. Eng., 25(11) : 787~797, 2015
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El-centro)
No. of 1 2 3 4 5
filters 11 12 13 14 15
RE 0.210 870(0.199 710[0.179 200|0.157 130(0.136 690
0.080 818|0.073 299|0.069 403|0.065 025(0.060 550
CR 0.1000 | 0.0952 | 0.0992 | 0.1080 | 0.1160
0.1768 | 0.1872 | 0.1944 | 0.2000 | 0.2008
No. of 250 238 248 270 290
peak
values 442 468 486 500 502
No. of 6 7 8 9 10
filters 16 17 18 19 20
RE 0.128 920(0.122 280[0.107 200|0.096 502(0.087 137
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0.1248 | 0.1368 | 0.1480 | 0.1600 | 0.1696
R 0.2040 | 0.2008 | 0.2056 | 0.2136 -
No. of 312 342 370 400 424
peak
values 510 502 514 534 -

Table 4 Optimization of number of filters(using Kobe)

No. of 1 2 3 4 5
filters 11 12 13 14 15
RE 0.005 121/0.005 108|0.005 087|0.004 517(0.002 999
0.000 978|0.000 848|0.000 748|0.000 698|0.000 655
R 0.19146(0.221 95|0.231 71 [ 0.253 66 | 0.278 05
0.452 44| 0.467 07 | 0.474 39 | 0.486 59 | 0.493 90
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peak
values 371 383 389 399 405
No. of 6 7 8 9 10
filters 16 17 18 19 20
RE 0.002 680[0.002 440|0.002 021{0.001 483|0.001 199
0.000 622/0.000 605|0.000 599|0.000 586 -
CR 0.304 88| 0.353 66 | 0.38049 | 0.413 41 | 0.436 59
0.506 10 | 0.506 10 | 0.501 22 | 0.503 66 -
No. of | 250 290 312 339 358
peak
values 415 415 411 413 -
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Fig. 3 Setup of CAFB-based WiMMS

Table 5 H/'W & S/W of CAFB-based WiMMS
Category

Property
NI-cDAQ-9139

WES7(Windows Embedded
H/W OS for embedded Standard?)

Measurement module | NI9263, N19233, NI9237
Dytran 3134D series
Labview(DAQmx)
AWK-3121

Data logger

Accelerometer
S/W Driver program

Two-way wireless comm.
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