https://doi.org/10.21289/KSIC.2020.23.5.747 (K(S(](C

P 34 AHE ASS AT L0EE 7MEEHIMO| M8 et A 747

TYo| 5N AS ASS Yt Anj=E

TR M| Fg 0| Bt AT

A Study on the Applicability of Smart-phone Accelerometer
for the Measurement of Dynamic Behavior in Bridges
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{Abstract)

In recent years, measurement in a smart-phone environment is attracting attention
in various fields due to its easy set-up process, various functions, convenience and
expandability. Even in the field of safety evaluation and maintenance of large-scale
infra-structures, the appropriate application of these effective and convenient
measurement techniques can be of great help. In this paper, an experimental study
was conducted to investigate the effectiveness, problems and complementary methods
of applying smart-phone accelerometers to the measurement in infra-structure such as
bridges. In model bridge subjected to impact and moving loads, the measured
accelerations using a smart-phone and a professional accelerometer were directly
compared in time domain. And the statistical and frequency characteristics of the
measured signal and transfer function were also examined in frequency domain. The
results show that the accuracy of measurement using smart-phone sensor is primarily
affected by its incomplete sampling performance. In conclusion, smart-phone sensors
cannot be considered suitable for precise assessment, where measurements must be
accurate over a wide frequency range, but we can say that the technique is still
useful and fairly accurate for some purpose over a limited frequency range, such as
the low pass frequency range, which is a major concern for civil structures.
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Table 1. Accelerometers and data loggers

MEMS-Type

&S

LGA-14L
(2.5 x3x 0.83 mm) typ.

Servo-Type

Smart-phone+Physics
Toolbox Accelerometer
(App.)

NI based Data Logger

7171Q1 A E(servo type) 7FEEAIRS-U2)2F NI
718k dlolg 247} AMgEIQITE oli= Table 1]
A=t

T3, 54, FHsks 247
200Hzo] A=Y Fulg
_% AlE] _q] =S

ol disfl 20Hz, 100Hz,
Aol olFoiFlth o]
%5 9 35 Table 29 FE A
Table 29] 7% 9o AnfEZE B2 vy} B
Ao wE Ao BAR APEGoL o]
=0 WeollA= Alstelch

AL
T

Table 2. Experimental cases

fieaglliﬁ Impact load Moving load
20Hz 5~6 X 5 set 1 X 5 set
100Hz 5~6 X 5 set 1 X5 set
200Hz 5~6 X 5 set 1 X 5 set

el

- =
th AR Holsl FAfo] WA

ek W, ol
55 9 o AERe AR Aok ot 4
y

ol o upA 2o A

=2 O|5} =l ks
22 Sgh ANIEE JHAEMIMS| 20| 2t BT
Distr. of Sampling Times
15 T T T T T T T
/ / —— 20Hz
510 “‘w / o — 100Hz | |
% / ) ya ///// — 200Hz
g |l S _—
= 5’( / _— ]
I/ _—
|/
0 L | L L L L L 1 L L
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Sampling Sequence Number
Distr. of Sampling Times(Zoomed)

e  20Hz

__06f O 100Hz ]
5
3 200Hz
3 04 - .
£ . ¢
© o2} . . 1
.
° o
ot 2 @ o Q Q Q : :
1 2 3 4 5 6 7 8 9 10

Sampling Sequence Number

Fig. 4 Distribution of sampling times

Aoz Yadsl, fi Fol e oS
o) = elelel we 2HENE, 24, 8ol

FRE AEF Fa(eF 100Hz, Fak
9 ~50Hz) Er} A= oL EolE 4 Yokl ¢
=9It o= o FigEollA &9l 4= Qlrk
oldl MEH EAS vEfoF 20, 100, 200Hz
MEY Fulgo] wet A)ztelge AEst, ol
AlZtolg o] Sl WYk Ayl 9l i 7RETAI9}

ATPEE A A Aolo] MEE ulwe)

qictk o, ARFEE 7i&= HXM(interpolation
method)& o]&slo] U 7HAC] MZe] glolo
= Wt Aeolck 1 2yl UdR= Fig 5~
133} .
Accelerometer
1
? 0.5 “‘ |
o 5 10 15
Time(sec)
Smart-phone Acc.
1
g% [
E oF \ “"’WW ‘A‘»‘“»*M““*—”.\w‘vw — Mo {m/—
g o8| v 1
"o 5 10 15

Time(sec)

Fig. 5 Comparison of time histories (Impact, 20Hz)



KSAU(C

752

raiEEEee == H23H A5=

Frequency Function(Acc.)

3

Magnitude

Frequency(Hz)
Frequency Function(S-acc.)

Magnitude

Frequency(Hz)

Fig. 6 Comparison of FFT results (Impact, 20Hz)

Transfer Functions(S-acc/Acc)

2 T T T T T T T T
B 1t 7
S
3
° 4
2
€
g . i
=

) . . . . . . . .

0 1 2 3 4 5 6 7 8
Frequency(Hz)
Average Transfer Function(S-acc/Acc)

2 T T T T T
ERL: 1
a
3
= L e — q
5
g L 4
s 1

2 I I I I I . . .

0 1 2 3 4 5 6 7 8

Frequency(Hz)

Fig. 7 Each and average transfer functions (Impact,

20Hz, logarithmic)

Accelerometer

B 05¢ i
g ok j'j|‘m,w,,,, \'\\‘WwwmyqrpmmJ = T— ]
o 5 10 15
Time(sec)
Smart-phone Acc.
1
3 051
é I '\ ‘ I m »MJ“
E o ffhe—pie l‘“wf'”‘””"‘”“ J“M e 1
s 5 10 15
Time(sec)

Fig. 8 Comparison of time histories
(Impact, 100Hz)

Frequency Function(Acc.)

10
(0]
°
2
€ 5
S
]
=
N\
0 I I 1
0 20 25 30 35 40 45 50
Frequency(Hz)
Frequency Function(S-acc.)
10 T T T T T
(0]
°
2
€ 5f
S N
i N
=
«““‘
0
0

Frequency(Hz)

Fig. 9 Comparison of FFT results (Impact, 100Hz)

Magnitude(Log)

. . .

20 25 30 35 40 45 5
Frequency(Hz)

Average Transfer Function(S-acc/Acc)

’ﬁ
P~ mf"/\/\vf \\fv/\\\\g/“\/ / [ =

N 4

Magnitude(Log)
o

2 L L L L L L L L L
0 5 10 15 20 25 30 35 40 45 50

Frequency(Hz)

Fig. 10 Each and average transfer functions (Impact,

100Hz, logarithmic)

Accelerometer

0.5 4

Acceleration(g)
o

—
—

-0.5

Time(sec)
Smart-phone Acc.

05f } —
il

1“; \Nn L\ hﬂ‘l“v"

0.5F

Acceleration(g)
o

Time(sec)

Fig. 11 Comparison of time histories
(Impact, 200Hz)



KA

1P| 34 AHE ASE AT L0EE 7HEEHIMe| HEgo| et A+ 753

o et Tel, BE SEAGAE A% 09 L)
£ ZIoh= AllA EsKsensor saturation) FALO.
2l | ] 2 ol3l oxFE T 2~ 9Jolrh
A A e . N
% 10 2 a0 40 50 6 70 8 9 10 4,3 Zf.%lsl'é‘ = fgl%'l ?E:'J-I-I' -F_Il*—]'
Frequency(Hz)
Frequency Function(S-acc.)
10 . . . , . , ‘ ‘ ‘
[e) - o 2 EE R
Se AT AR BAo| Hg A Fuel
E ‘\ | Zoll et Ado] 3= Qiet. 1 Ake] dF=
: Fig. 14~229F @t} o] %99 ARtelEe 7t
b - S e e e o setﬂ 71"272 0]01/\{ E‘_?_] Zio]qi
0 10 20 30 40 50 60 70 80 90 100
Freauencv(Hz)
Fig. 12 Comparison of FFT results (Impact, 200Hz) Accelerometer
—_ 17 7
Transfer Functions(S-acc/Acc) E ” ‘ ‘ M “h 4
g€ or W‘W Am \‘HM, MW MMWM‘ U !“‘w w, v\“ Pyl W MIM \W‘NL 1
= 2 k i
2 < 4l | J
= -1
[
2 0 2 4 6 8 10 12 14 16 18 20
& . Time(sec)
= Smart-phone Acc.
-20 1‘0 2‘0 1;0 4‘0 5‘0 6:0 7‘0 8‘0 9‘0 100 _1f B
Frequency(Hz) \;9 l
A Transfer Function(S-acc/A S ‘ |
2 . . ver‘age ra‘nser l‘mc Ion(‘ aoe ‘Cc) . . g on Vu‘\m“*'/r *M “W [ wﬂ‘m‘ MV‘NLA\u\/VVM~«\“\\“L’(ﬂ\“‘J‘;‘4Ui \/l\‘h/ \—
3 \ WM\ //‘M‘ Mo A | | | | | L L L L
ER S \\/m' \”x\ M/ \R/\// 1 0 2 4 6 8 10 12 14 16 18 20
S i Time(sec)
s f 1
2 e Fig. 14 Comparison of time histories (moving, 20Hz)
0 10 20 30 40 5 60 70 8 90 100
Frequency(Hz)
Fig. 13 Each and average transfer functions (Impact, Frequency Function(Acc.)
. X 10 ‘ ‘ . . . . .
200Hz, logarithmic)
AAoR Aw 7I5=A A daket Bl =
AAIEE AZS WEAC] B AL U 4 9]
51’ /%4:—"—% T"}Zﬂ"?— EH%']: 3 OHZ% 78]7:"'%‘ iﬁ_lﬂ‘ Frequ;r:;‘u:;:gtfgj()s-acc.)
e 10 . . . , : : ‘ ‘ ‘
Qelolil W Ao] 32 AUL ¥ 4 9ot

Magnitude

9 10
7 ‘6‘H/\(}E—7 ]‘ 17/%‘0]'1] Frequency(Hz)

=
= @4 ¥ Qlrkar AJzbEc Fig. 15 Comparison of FFT results (moving, 20Hz)



Magnitude(Log)

0 1 2 3 4 5 6 7 8 9 10
Frequency(Hz)
Average Transfer Function(S-acc/Acc)

2 I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10

Frequency(Hz)

Magnitude(Log)
o

Fig 16. Each and average transfer functions
(moving, 20Hz, logarithmic)

Accelerometer

Acceleration(g)
o
.

Time(sec)
Smart-phone Acc.

Acceleration(g)
o
.

Time(sec)

Fig 17. Comparison of time histories (moving, 100Hz)

Frequency Function(Acc.)

| \

\'"wwd L’Wﬂ ™

|

20 25 30 35 50
Frequency(Hz)
Frequency Function(S-acc.)

Magnitude

Magnitude

25
Frequency(Hz)

Fig 18. Comparison of FFT results (moving, 100Hz)

Transfer Functions(S-acc/Acc)

i WWWWW

Magnitude(Log)
o

2 . . . . .
0 5 10 15 20 25 30 35 50
Frequency(Hz)
Average Transfer Function(S-acc/Acc)
2 T T T T T T T T T

11 4

Wit |
( AJ\\ )y I \V“wv“ W “/\*‘”MVW\{U “\/W%/“‘NWUMV‘W J‘MJ\J\\ N WM vv(j‘ WVMM’,L}V‘A\N \‘W r\Nﬁ w\/ ‘M \\’\ N/W'

Magnitude(Log)
o

2 I I I I I I I I I
] 5 10 15 20 25 30 35 40 45 50

Frequency(Hz)

Fig 19. Each and average transfer functions
(moving, 100Hz, logarithmic)

Accelerometer

~ 1r

K

1<

2

3 | WM«W MWMWM

2

@

(53

O

< 4L

.
0 5 15 5

Time(sec)

Smart-phone Acc.

Acceleration(g)

.
0 5 10 15 20 25 30
Time(sec)

Fig 20. Comparison of time histories (moving, 200Hz)

Frequency Function(Acc.)

Magnitude

0 10 20 30 40 50 60 70 80 90 100
Frequency(Hz)
Frequency Function(S-acc.)

Magnitude

0 10 20 30 40 50 60 70 80 90 100
Frequency(Hz)

Fig 21. Comparison of FFT results (moving, 200Hz)



KA

1P| 34 AHE ASS AT L0EE 7MEEHIMO| HEgo| et A+ 755

[

% o] oAz oo AY AWEHE Hol= 7
g G Ageerdinh. ALt Aol ot A &
0 10 o @ 4 % e A& ool Wot 7 A9 E4S Aol A
: b T ot e 44 240l ofstol iz, ol Table 390 H3Ich
g 1%}% i “I | ' | ; ;
= W mﬂ‘%wM»’M"Wb“vmw””“W‘““.” )LW I ‘h L i Table 3. Accuracies of measurements using smart-
5. ! A WI\Wuh‘l“‘f\w phone sensor (qualitative evaluation)
2 10 20 4;_9 50 6 70 8 9 100 Sampling Impact Load Moving Load
reaenev Frequency | Visual | Frq. | Visual | Fra.
Fig. 22 Each and average transfer functions (moving, 0Lz 0 0 M o,
200Hz, logarithmic) 00tz M Ml M M
200Hz M M~H L~M M
AY AifollA FETNRE ARRS AEFe] Bt (*) H : High, M : Medium, L : Low
AgF gak= Qe Wolrl ¥Hs(10—aHz &
A WEE 4= Stk= Aot SAskse] - WA S¢Hvisua) B7k= g2 2719 FHe
AT TFAF10+aHz 4= & Yehgar £ 7|80 8 ERSIG) o] A= Hd A7) F
ol 54, FAE HFolA o] Figtell 17l o] Zagvt Zeet wHE molgt & 4 itk
E57F ot IREs 4 v & olF Th2 Fuke(frequency) 99 2402 7t
ojd & S5S Yueith T f(F T oo 50%2] ATt th)
Fot AMEE A9 yFu goe FAo 71Eos QPARl A gho]l EAt-UR
Qb B, 2GRS A9 MRIAE AAN TR o $Re 1eNEs 24 Anp)
OF% AP HE & AL & 4 Uk ol e SAR] FofolA|9] Ferel Ayt ot
TREEAY] AN E3F FAE ABEE AIAY 1 3t AXAor Ao AS A AR
& MEFAS] 271 = AJ8F 5ol 71918k th BolAu A% AaEe] HHAY 2 79
Aolgt 55 53], F3559] follAl= A ook gho s Hsks A Btk ol Ant
b JoME At exE RS B 4 9 EZ0] BE3 Ao @ ASos HAS
= °, ol= AF 4129 e ZAl(offset) A I} Ut AS oufeith. &, o] A, AnfEE
A9 o AAfeR Helth uwehA, FsE9 71719 HHo® ARIEE AZ 7|9 offo] K
B uS dEet e=Al A Ho] Qs ehd o S ofngitta wekE

Agxon Fyelzo] Uit AvlEE A% 2
LAY BAolE AMgR] olde Rht, 5 A B
g 2], 3o DRAES 33 50 B

St B8 7hstittal g7k, o =ollMe UE ==, 53w A



89 71%E Aol

=23 H23H H5%

oA AEEE AN Age] BAES el
SJat A9

o 1 Ashe olefel 2.

1. AUREE Az FY 2 BARE 1%
3 se 2] dpe)

E300M 9] =t U,
(€]

o|7|Hith=
SHAGS 71A]7] wfEo|et HrpEc)
2. AUREE AlZoA o] AIEY Extdidel
xS} A

pra=i

b1oJ
:
i

[N -l;l- mOEF wr, ok
014.4 ["_|_. FlO r‘lE
o M o
i %: e
Ilg =
£
2
rir
ol
Sha
of
ot
ofp
N
Jr
ok

ol
ok
o
=
O>~
13
:

i)

o
[> 4
=)
(m

4. AUIEE VISR ASS o4
BUEole obd: B35
o, weld a=la 71719
vl=o] mjefe] g e of
ZHolet A=Y A&AQl B
fstejer Az

o
o

2
ok
ru

ALl =

o] =F-2 2019~20209% st
TIAR =SS

]
=
Ao% BRI ol U AHe) #

gole ARAE AnkEol

N
_or}:
-4
iz EN
5

i3

(2 sp=)
B
1

1
H
e 2 [ T

r
e
iy
X

]
S|

4 A= ek

A

=

E
—_

Fefel Azt ghelo]
G Ft g 1A 99| oo

e

(1]

2]

3]

[4]

[6]

[7]
(8]

TnEE]

Alessandro Sabato and Maria Q. Feng, “Feasibility
of Frequency-Modulated Wireless Transmission
for a Multi-Purpose MEMS-Based Accelerometer”,
Sensors. 14(9), pp. 16563-16585, (2014)

A. Sharma and D. Gupta, “Smartphone as a
real-time and participatory data collection tool
for civil engineers”, Int. J. Modm. Comput.
Sci., 2(5), pp. 22-27, (2014)

Paul Cahill, Lucy Quirk, Priyanshu Dewan and
Vikram Pakrashi, “Comparison of smartphone
accelerometer applications for structural vibration
monitoring”’, Advances in Computational Design,
Volume 4, Issue 1, pp.1-13, (2019)

Adam J. Bittel, Ashraf Elazzazi, and Daniel C.
Bittel, “Accuracy and Precision of an
Accelerometer-Based Smartphone App Designed
to Monitor and Record Angular Movement
over Time”, Telemedicine and e-Health, Vol.
22, No. 4, pp. 302-309, (2016)

H. Zui, T. Shinke and Y. Namita, Practical
Formulas for Estimation of Cable Tension by
Vibration Method. ASCE Journal of SE, Vol
122, No. 6, pp. 651-656, (1996)

Damir Zenunovic, Mirsad Topalovic, Radomir
Folic, “Identification of Modal Parameters of
Bridges Using Ambient Vibration Measurements”,
Shock and Vibration, Vol. 2015, pp. 1-21,
(2015)

WF7) - FEEYG, 48, AT, AE, (2017)
Michael B. del Rosario, Stephen J. Redmond
and Nigel H. Lovell, “Tracking the Evolution
of Smartphone Sensing for Monitoring Human
Movement, Sensors, 15, pp. 18901-18933, (2015)

(4= 2020.07.07. 5 2020.08.10. ARFEE: 2020.08.17.)



