F—TU—RK:F—F LV —ZANN—=FuxT,

1. IIC®IC

AL, HRATLAEKOHEBELZRKETH D, 1995 4EIC
WX, ECERTHE T CRA L REEREMEIC LY, K
X 7o MUBRHE E (B - RS RSN A U7z, F7z, 2011
FITIZ T L — MR T L AL KR R
Lo, WEBEFICMA T, BEFIZLAREPENEL
TRBAKRELR), 20k R KHERERIT, REIC
XD K EOIEE B & LIS @8 o Jh A SE E
HIE DR, HEY DR IE A & IR ARTIEERR 2 E
T HRRER S HE D VERERmIND, ZhbOHE
1%, FEWCHBERABICL > TiThbh oz, “REEORE
BPERH Y, HEICKHEZETL2H5E YD RAOND, B
GGG IE, — Rk, RIFESHE EFM THE SN T
BY, BEAHETEZRWEEGHLZ W, o), EFEO
ICT ORFHRFERLEEMYE Y OWRICEY, Hrok
VR T NS AW EEET =2 Y S
FTHHGE DINITHbR TS, LaL, BURTIR—&D
W) E T KT DRVUTITTE - TR,

wHE, aDF—F Y —A,— KU x 7 (Open
Source Hardware: DL OSHW)Z23BR % 101D X, Z2ffi 72t
Y B RHARERRIUCH Y, BESTFTYH, e OT
=Z U 72 OSHW BFH ST\ D 214, L,
OSHW DAy 7 [ 3fix T, 7a s/ 7 I 7Rt B
L8, TOFMAITE L TIE, % OSHW O &K £
FEL, ZDOMREEZET ZHLENRDH 5 151, KUFETIL,
RFEHI 72 OSHW T& 5 Arduino &, Arduino & B> =1
PXFT L7 2 FE D OSHW % W T B 514 B o M gik
179, TIZTIX, OSHW ZIdEEDF—Fuid—L L
THATDZE&MEL, —EF 7V > 7 Mk T
EF—XHE~A 2701 SD — FICRET D ERE,
EEEEMNTITY, £72, OSHW IZ X v 15570
JET — & O FFT 0T 247V, BERA D [E A & o [ &
BEZOWTHREE1T 9, Boe ERFEREZ LD, K
FBRTHN 2 OSHW OFHAREEE A A & 232 L, 2 DR
HEEMEET =4 U v 7 ~OEAEIZ OV TR EIT O,
2. =SV —AN— KT =T (OSHW) & IEE = ¥

AHFFETIX, OSHW & L CHiix O3B CHW BT
% Arduino® &, GR-SAKURA), FRDM25KL20¢ 3 F& D
OSHW %\ 5, £ 112, % OSHW D Ay 7 Z7RT,

Fm3C R24

CEW AT AR AR

VAT AR Hlf AR YT A 2014

OSHW Z AWV BEREMRE=2 Y VT AT LIZET WX
— A—TFUY—ZRN—FI 1 7 ORAEEDLERE —
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3.3 +.5 800 13.56
IEE >4 B (MMAT7361LC)

HE457E ) (VDC)| M HEEE(G) B HUERE (mVIg)| / A X (mGrms)
5 +.7 1200 4
3. EREE
3.1 HEEE

AW TrE, X 1I2RT 3 EiERo 3 8RR iz 2
FEOMBEEL Y E2FHE L, 3 BRI EOHSIEED
FHNAEAT S, BEERIERIE, RIR@EAK), LT rIi=y
LB THERR &SN, —HBDOBRIZT — AV ERT S, fit

— 121 —



R EIEK 3 Ficrd Lo, &BEIZIE 250(N
1£)>0>2 mm 7L I B, KHIZIE 200>300>2mm 7§
Wz, 72k, fEROR BRI FI21340 46009 D
EERAAMLTVD X2 ICERS AT LOFEHERT,
7ok, X 2 T OSHW &Il & v Y oI 7=
A7 Y 2 —3— R CRT,

IEEE T A gyt
(MMAT7361LC) =5 o 4

K2 EHEERAT LADOFTE

Arduino Uno

oAl — !
GR-SAKURA

FRDM-KL25Z o

Data Logger

A2

TUHA3 ——

X3 FEBry AT AEIKOEEK

Fm3C R24

32 EBRVAT A

AFEBRTIE, MEHEYE Y A, BITHERAE 3 8RN E
WEE L, R 3 8RR L ooffast s i 2 5 L 7=,
IEEE A, K2 FIZRT 7Ly RR— Kb A
7 ) a2—3—)L K&A LT OSHW (2, M#EEL Y B
1$7— % v H'—(GL-900, #h>7. 8ch, 16bitA/D)IZ 55 L 7=,
FEE AT ARIBEOBEENILEK 3127 T, EBR AT A
[\ % OB XE XK 3 1R,

412 OSHW O R F A7 m—%7+3, S EMER L7
OSHW TiL, fEHTE 27477 U NRRDD, #4
~EIVIARFED T AT 7 VITFEAET, WIiio OSHW
THHEATE L~ 7 eI A ~E2HRAL TS,

EE 4 B OFHHIREIIE 10ms T—E & Lz, £
7=, OSHW TIXFHIFEE ORRFEZ 1T 5 7= % 10ms, 20ms,
30ms @ 3 FEDOFRIMFEZFEL, 60 BEOFHNEIT-
7o, 783, OSHW @ 3 #hAEE OFHlT — 2 1%, 4 v R
— F(GR-SAKURA) ¥ 72 1% SD # — K —/L R(Arduino,
FRDM25KL)% i L C,~+ 7 = SD 1 — F(Z 7 A 10,
16GB)IZRTET 5, 7235, ARFEBRL AT A TIE, OSHW
LT —4# 1 H—(GL-900) R L TWARWi= ), MHE D
RREZFE—HZ L L CEROOEEIT I,

[ start )

~A 7 apy A<t
E| 1) AT interval DR E
v
\ BUIE OIR RO, —7 % 1000 =) |

\ microSD 1 — l\“@w7 FANF—T \

| t=0, calT=interval | 3% t |54

$<_
vV Yes

3 AN T — & O
microSD /7 — RiZ7 — & EiA

Yy NQ
\ t=t + interval
v Yes
\ microSD #— KD 7 7 A )7 1 —X \
End

X4 OSHW 7ua /I Lhp7a—
I 512, OSHW % USB Bt L7= / — bk PC &4 L CilHh
ST, 72, REE~O AT HIER & L i, El Centro
NS (1940), Taft EW (1952), Hachinohe NS (1964), JMA
Kobe NS (1995)? 4 i % Fi\ 7=,
4. EBFER
FEFER & LT, 3F0D OSHW THHEI L 72 # s 05 B
E L7 7 L ATHERAN U 72 sk Inos BE oo REZI EE o> ek &,
FHAIREFE 10ms(El Centro), 20ms(Taft), 30ms(Hachinohe)
DB EZTNENIKE5~7, [X8~10, ¥ 11~13 (27T,
F7-, 3 3ATHERIINEEE O KA (Max), f%/ME(Min)
DO F MR (Erron) & (1) TR O =R R 2w T,
|OSHW ORISR - L 271 v ADHAEE

_ x100% (1)
VTV ADHHER) ”

Error =

— 122 —



600

El Centro (Arduino Uno, 10ms)

IS
o
<]

al)

=2]
= 200

(=}

)

Acceleratio

AN
S o
SISt

-600

5 ! 25 30

%] 5

600

t(s)
——Aurduino_Uno ——GL900

Arduino @ F#I%E F(EI Centro NS, 10ms)
El Centro (GR-SAKURA, 10ms)

600
=400
=

=200

eratio
o

"©-200
-400
-600

Ac

<

Hachinohe (Arduino Uno, 30ms)

t(s)

——Archino Tno SLo00

11 Arduino @ &5 5 (Hachinohe NS, 30ms)

Hachinohe (GR-SAKURA, 30ms)

400

N
o
o o

Acceleration (gal)

& AN
S © o
& & &

| 6

600
400
200

-200
-400
-600

Acceleration (gal)
o

t(s)
—GR-SAKURA ——GL900
GR-SAKURA @ &l F(El Centro NS, 10ms)

El Centro (FRDM-KL25Z, 10ms)

t(s)
—KL25Z ——GL900

7 FRDM25KL ol R (El Centro NS, 10ms)

Taft (Arduino Uno, 20ms)

600
%400
=200
% o
%—200 30
<_400
-600 o)
—arding Uno GLaon
8 Arduino @ FHAIAE B (Taft EW, 20ms)
Taft (GR-SAKURA, 20ms)
30
t(s)
——GR-SAKURA ——GL900
% 9 GR-SAKURA @ #l#5 5 (Taft EW, 20ms)
Taft (FRDM-KL25Z, 20ms)
600
. 400
% 200
% o)
& -200 ¥
2 -400
-600 o)
—KL25Z GL900
X 10 FRDM25KL gt lli R (Taft EW, 20ms)

Fm3C R24

600

400

S 200

o

Acceleration
N
o
o

-400

-600

%] 12

600

t(s)
¢ e—GR-SAEURA

GLoon

Hachinohe (FRDM-KL25Z, 30ms)

GR-SAKURA @ & l#% F (Hachinohe NS, 30ms)

400
200

N
<]
S o

Acceleration (gal)

A
o
o

-600

—HKLIi5Z

t(s)

GLo00

13 FRDM25KL o &HIl##% 5 (Hachinohe NS, 30ms)

3 AN EE O i KA, fe/MEOFHAEAZE

it JfEI R 10ms

El Centro Taft  [Hachinohe[JMA Kobe| ‘F-#)385%
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a1 [E % 20ms
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T—=RIZKERONT, L7 7 L A THWIM#G
WX DEHAFE R L IFIE L TWD, ARAFZETIE, I
MfEIE~A 7 e Z A <2EHL TRE LR, Z0OiE
NITBus BETHY, 22 THW 3D OSHW (H05H#
FIGEOT—4ul—t LCHMERMETH D Z &N
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Fm3C R24

x4 HEBRAWORERE R

Earthquake ElCentro |  Taft | Hachinohe | JMA Kobe
Interval (ms)| Period (s) Arduino Uno
1st 0.683 0.650 0.931 0.706
10 2nd 0.240 0.240 0.240 0.240
3rd 0.168 0.169 0.168 0.168
1st 0.683 0.650 0.931 0.694
20 2nd 0.240 0.240 0.240 0.238
3rd 0.168 0.169 0.168 0.168
1st 0.690 0.654 0.931 0.698
30 2nd 0.240 0.240 0.240 0.239
3rd 0.168 0.168 0.167 0.167
1st 0.685 0.651 0.931 0.700
Mean 2nd 0.240 0.240 0.240 0.239
3rd 0.168 0.168 0.168 0.168
1st 0.683 0.661 0.931 0.694
((31L0_,-?12§) 2nd 0.241 0.240 0.240 0.240
3rd 0.168 0.169 0.168 0.168
1st 0.375 -1.41 0.000 0.764
Error(%) 2nd -0.520 0.0651 0.0651 -0.259
3rd 0.000 -0.0457 -0.0908 -0.0908
Earthquake El Centro Taft Hachinohe | JMA Kobe
Interval (ms)| Period (s) GR-SAKURA
1st 0.683 0.853 0.931 0.706
10 2nd 0.240 0.240 0.240 0.240
3rd 0.168 0.169 0.168 0.168
1st 0.683 0.853 0.931 0.694
20 2nd 0.240 0.240 0.240 0.240
3rd 0.168 0.169 0.168 0.168
1st 0.690 0.654 0.931 0.698
30 2nd 0.240 0.240 0.240 0.239
3rd 0.168 0.168 0.167 0.168
1st 0.685 0.787 0.931 0.700
Mean 2nd 0.240 0.240 0.240 0.239
3rd 0.168 0.168 0.168 0.168
1st 0.683 0.853 0.931 0.694
?1%“912;) 2nd 0.241 0.240 0.240 0.240
3rd 0.168 0.169 0.168 0.168
1st 0.375 -7.80 0.000 0.764
Error(%) 2nd -0.520 0.0651 0.0651 -0.0649
3rd 0.000 -0.0457 -0.0908 0.000
Earthquake El Centro Taft Hachinohe | JIMA Kobe
Interval (ms)| Period (s) FRDM-KL25Z
1st 0.683 0.650 0.931 0.931
10 2nd 0.240 0.240 0.240 0.240
3rd 0.168 0.168 0.167 0.167
1st 0.683 0.650 0.611 0.694
20 2nd 0.240 0.240 0.240 0.238
3rd 0.168 0.169 0.168 0.168
1st 0.690 0.654 0.608 0.698
30 2nd 0.240 0.240 0.239 0.239
3rd 0.168 0.168 0.167 0.168
1st 0.685 0.651 0.717 0.774
Mean 2nd 0.240 0.240 0.239 0.239
3rd 0.168 0.168 0.167 0.168
1st 0.683 0.650 0.931 0.694
GL-900 2nd 0.240 0.240 0.240 0.240
(10ms)
3rd 0.168 0.169 0.168 0.168
1st 0.375 0.177 -23.0 11.6
Error(%) 2nd 0.0651 0.0651 -0.0649 -0.259
3rd 0.000 -0.182 -0.227 -0.136
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Introduction

Nowadays, monitoring on structural performance of buildings in life cycle, especially a quick emergency
inspection including damage detection and residual seismic capacity after earthquake is becoming increasingly
important. Recently, many research on structural health monitoring systems of buildings have been performed
experimentally in Japan, and some sensors and communication technologies have also been introduced into
monitoring systems. However, most of these systems were tested in laboratory or only utilized in some high-rise
buildings, and have not been adopted in general buildings, because of their high-cost performance and complicated
wiring construction. As the development of ICT, various kinds of open source hardware (OSHW) and sensor
systems using MEMS have been developed and widely applied to many applications. Therefore, to develop more
extensive structural health monitoring system with easy install and high cost performance, the authors have carried
on studies on development of structural health monitoring system using OSHWSs. It is necessary to clarify
measurement accuracies of OSHWs due to their different specifications and developing environment, because
various kind of OSHWs are developed and commercially available.

Outline of Experiments

In this paper, Arduino and two other OSHWSs which are pin-compatible to Arduino are employed as data
loggers of acceleration data, and fundamental shaking table tests were performed to verify its measuring accuracy. A
small-scale three-story specimen is employed to imitate a building structures, and MEMS based analog acceleration
sensors were installed on the top of the specimen. Measured acceleration data were stored in micro SD card.
Absolute accelerations of the specimen are also measured by a reference system, which consists of a high-precision
acceleration sensor and a high-performance data logger, and observation performances of OSHWSs were verified
using these data. Furthermore, the observed acceleration data are processed to determine natural period of specimen
by using FFT analysis. Accuracies of OSHWSs were verified in comparison of errors between OSHWSs and reference
system. Based on results obtained through tests, measurement accuracies of employed OSHWSs and the applicability
of three OSHWs to structural performance monitoring system are verified and discussed.

Results and Conclusions

In case of all three OSHWSs, acceleration data were integrally obtained and stored in micro SD cards.
Acceleration results measured by these OSHWSs coincided with those measured by the reference system with nearly
7% measuring errors. However, large errors over 10% were observed with 3 times in 36 times. These large errors
were considered to be strongly affected by experimental conditions such as electrical wiring on breadboard.
Therefore, further studies on noise reduction are necessary to improve measuring accuracy of the proposed systems.
Errors of obtained results also show that both resolution performances of AD converter and CPU operation
frequency for all three OSHWs have little effect on measurement accuracy. The results of natural periods calculated
by FTT were almost identical with those using data recorded by the reference system. In some case, differences of
identified natural periods became large. These errors were considered to be also strongly affected by observation
noises mentioned above, and it is necessary to introduce adequate filtering process in FFT analysis. Obtained results
show that employed three OSHWSs have enough accuracy and are considered to be applicable to a structural health
monitoring system of buildings.
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