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Abstract

In this study, a method for selection of the location and number of monitoring sensors in a building structure using artificial neural networks
is proposed. The acceleration-history values obtained from the installed accelerometers are defined as the input values, and the mass and
stiffness values of each story in a building structure are defined as the output values. To select the installation location and number of
accelerometers, several installation scenarios are assumed, artificial neural networks are obtained, and the prediction performance is compared.
The installation location and number of sensors are selected based on the prediction accuracy obtained in this study. The proposed method is
verified by applying it to 6- and 10-story structure examples.

Keywords : artificial neural network, system identification, installation location, number of sensors
1. ME wzo s tEhon], o 12% 44 202 s gk
snbE 447140 B4 24 F Shbs ALA e 13RS 7]
A7 SR s o 2] of) whet F-oF B 7] B AP AR A %8 Bof L2 E HALS AA| A 0 & el ste] QHHALL T
A o] AL gt 52 AV EAS 7 E oA o2 A & Fol 71&o|th wabA], [oT 7]¥ke] A4, Blgo|g &
ZTHEE F|o] ¢l (Korea Ministry of Government Legislation, A, Q1B 5-L 0] 83F A9 92| Ha] 7L ure theksl
2020). o] ofl whef wEHE oh 2k e A Al Aol = shila}7] e Aok
1AL} - AN AR Blo] o] T2 SH-E ATt AFEME AT} A2 10] B AL ol LREe] obd
O 8 3 9 BASe] LRPA R ot LR Y EY 7] he] 2@ Zcke] B3k P @ o] ZoiE ek 71= kA RIEY)
279} Shgo] Barald Ao A 22 Qg Aoz LouElo] A Qo Hole Al
20180 HE-EH= 20tE Ad7]E 7Rk 55t e A2sla o2 YEYIE B 12E] S-S Al
7] $IRt AntE A7 2 e S RS o= 71E PR 7o 27 Wl B Ste] A3t ) 22 8 2 Q1A Bh= 7
oA Ao A 10T, ¥ld|o]H, Q15 A]s 52 A2 dd7]&9 Z AR = 21 E F(Structural Health Monitoring, SHM)o]] 2+
oS Tl A o= st Hgks skarat sk 3l o7 W Z8o0] BHl5] o] o] %] 4| ¥t} Kim 5(2018)-
7ol A =] Qlek AutE AHAE2 20161 100922 2748 27 2] A(Low Power Wide Area Network, LPWAN)

1 Corresponding author:
Tel: +82-53-850-2736; E-mail: watercloud@cu.ac.kr
Received June 2 2020; Revised June 11 2020;
Accepted June 12 2020
©2020 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

SHEMMTARZESE =2F M33F X55(2020.10) 303

i



it
0

A ERA A 2] Al E A87FsdS HE
o) 7S 4Bl T o =S FEH o2 243t
A= A ARSIt Lim 5(2016)2 =RIQbA| 2
WS EASAR Fae) Al 205} dA 715810, 27 714
S ANZEAE D8 7], AR AR B2l S EE
Al28he ZESAT: Kim -5(2016)2 74 AllA WIE Q] Aof A
A S U e G7A2 FUE B0 2 A 9
ol Ak 7]Hke] dlofE F- 2k A3} e}, Chung
S(2014)2 ASH27 129 E}“"é% Bl AlS dlolE
2 Fgto] PEoha, o) 2 1Y L ALHSH HES A
3}3} Lee 5(2016)2 I15AE9] &
o 37 HEF o] Aok w2y
7] 918k 222) 44 %Hﬂeﬁﬁ%
£ oA
AR A B A
SR T AR A ETAREEY
stel AR 9 et A5l M4
= 5o A, 2= FETt A
Mo gL A o) A3)7) B asi o2
A A7 A S ek 7P ) 7 g
T2 5la1, JLRE0] Ak} 7R o) 2640}
AR5 75 ALA 9] 1219} A4
= A2 7P sk AllA 1|2 All<eel] 71
o] 7} o8 2uto| QEE EE FAT)
A 91719k Aol Jglol BABV 25 7t 5]
A e 2EFEE stk o2 B3l o <
S5 71702 A9 A X9} A4S A
4R AN E B A SEL B
B715H=y| -8 th(Brincker et al., 2001; Cross et al., 2013;
Sirca and Adeli, 2012).
Aol A= 65, 105 2
o ot 400e) A2
o} A4S sl e 2 of
%%aEManﬂ£@¥ﬂxhﬂ

)
=

|

ol

Fa,

%l\

rlr v

i)

m =

>

A

o=

> o
o i

N

.YE

=

m

>

v

:l:i
wr M

Hoox
ol

¢

2
o

X

R
%
m

H
i
o

ol
filo

o

_r|1 !
o

>.

N

O
rm
2 o

o
-

S
e

EE
tlo
>

l/\l SHAT
F5=A

L

:
Lo
N

I
ke
Y
=
23
=
ob

oﬁ}
3
>
fr
=

i
©

)
AN
N,
_c\>l:‘ O
H1

e
N

il

ol

]
o,
N
—_
Ol
o
N
40
%

d4o &
ol
2

ro,
of
2
o ol

1

)

>

oo F

2

s O
_|L
M
o

2 o
op

ol
)

=°] Al ‘&5}% 715

-

=

>

PN'

s
-+

o HUI ORI flr 1o o Mt 3R

E
r°"

A 1 wzﬂ3m§%+4 ,
A 7 2300 9 B FE
SHch. 20 SARA e g o 4
A

-

I

VAR

1l

lo

[E
>
|
it
B
_0|L
H1
Ju &
i)
2
¥,
N
=
§

2
N

© FHASolnt dAH=

StEMAMRTZE S =2F X333 H55(2020.10)

HE

A

A

o

A theFet i © & gh8- ko] 2 7)otk KwagZt Hahm(2019)
S ANNE 0|83} AJH O il—%ix% 14%7‘1 Ao dzsle

298 A A5G} Park 5(2007)2 =Y & Y
EANAE AR A &8 7}+E A& & 0|83 ANN

714 A A7) H-E ARESEATE Choi(2018)-> ANNS ©]-&-
ato] HZRMEZ o] HIH S| APALL st 7|HS
A A5 ek Kim 5(2005)-& ANN-2 ]85+ Hehi 7o) §)

L Ha3g
T =2

He|E Ko A o S7HE Akl Lee

5(2019) FA7IF R 2 ofu]x] Z2AA 7S o8
B BEEY £AE 71N AL 0]9F Lo ANNL
Qlelseol 22 gt Aol o] BAS AL o|E S o] 5] =
Ak o) 8 o) P YA, 4w, 24, 4 52 o
éﬂ%ﬂg%ﬂﬂ%ﬁ%

He gt A o ) 2 9175
740l et o2 iﬂ—

1
)
=
aQ
_
:44
)
<

N

I ol2] glolE|2] 47} 1007]0] L
372k, % 300709) dlol €7} Jeigtow
20] 10 E 2 ZPAE A 9] 5e0] vt ey
ﬂMWﬂHAP# Sezlo] ey,
uhm, 2

3 AlA == clSakel
glo]E 7} Alghe A

Input layer

Hidden layer

Output layer

Mass and stiffness data
of each floor)

Acceleration data
from the floors where sensors are installed

Fig. 1 Organization of artificial neural network(ANN) proposed to
predict the structural data from the acceleration data



Acceleration (g)

s

Tol A= Fig. 29k 22 652 105 22 Altshe
g8t AlA7E A2 == S ek fAlol whE Q)
7|

o
=
A

NES] A 2R A o] o5 XS B AR 2

M6

M : mass
K : stiffness M5

0 5 10 15 20 25 0 \ Kl
Time (s)

-
Input Output
r——=-—=-—¢r=-—"=-"=-—"=-"-—"-"—-"=-"=-"-"-- 1

Comparison

Fig. 3 Flowchart of system identification by using ANN

AxiE - 2A

By

Mo

o] & FZo]7] wjZof & A Fol A= 2 EY BlAE As
18 3}A] &=t} PEER Gound Motion Database(2020)%2 5
g the2 = 2 X2 aE o] g8l A Algtol e A& =3
ghch

AFALS T2 7]7] 918l ARS-E= Y Tleo]E = 100
W8] Al ol A 2 dl o] el 7F ARGl T whebA] ARE-E = AllA] €
F7H 170, 270, 370 Q1 730l Tk Y=ol 2] 4 HolH
4= 212} 1007, 2007, 300717} At} 633} 105 A <] &
935 o 242 1270, 2070 = S E ek

ASHS QA A 22 24 T A= S 2=
A& AL A7) f18l F 40071 9] Ak 7E A
OpenSees(2020)2 AREZHTE )= 7+ 5
71 o83 v g3kl 63 <l
7] M 9] 0.415-0.60s0] 1, 103 of|A| 2] 12}
0.70s~0.93so]t}.
o|-gsf 7+ 5o Agt
|3ttt} o2 A 71

lo

i)

off -
H

o

o

to o
o

Jo
N

K
Jo
N
X
g K
d
fr

o
ox
=L
filo
ne
K

o

-

(e

4

i

o

N
DOl
DU

(i
-
N
it
2
s}
9‘15

:?I=
i
e 1
8
Ol}ll
lo
N
1B
H1

off
é{v
o op
2
o,
=)
o
=y
olN

X, o
i)
rr
N
Y
H1
olo
l
s o

ofl
A=)
)
%
N
lo
il
wu
2
o

i

o &l
o
a2
rr

for L
o
=

o o g
<

o HU > oo X

o it B
o &
ol

fu = ot o o
op
i -

o oo W

Mo K
N o
ofp
1o

Q2 = o

o T
re,
el
2
o)
rir
m>~
N
i
rir
2
o)
_.I
rir
[\
w
N
N
N
=
)
=
w
=

o

oA Ao Al A=) A7 17, 270, 370 ©1 A9-2] == 4z} 17}
A], 5744, 107Fx] o]t} 105 S| Aol 4] A 2] ALA|7F 17H, 274, 3
7 Q1 2] == 22 1744, 9714, 367FA] o] .

3294 23 24

40071 9] A A T F& ol AREEA] -2 oA 60715 A1 =5}
o AlA 7l B f1A]of| mhE ol & A= vl aLskinh As A1
2= A9} ol =7k 7He] AFA|4(Correlation coefficient, R)1}
H4t Al HAZHRoot Mean Square Error, RMSE)Z 0]-25+%]
ok Al E 2 E oS AT e 2 onlsh, B
W Al b RS R oS Y w2 2 2Rtk
63 oAl AIE Table 1] YeRH )l oH, AlA] =of whE
Bt A £ Fig. 40 RS 2709 AAE AT
S 233 vl AAsh= Ao] S =T MY w0l

o, 370 & A& DA 7 -oll= 25, 453 2/ vl

ron

MR Zes =2 HM333 X55(2020.10) 305



AFAIEE 7R A& F2E AES S RYEHPAA AA] 7l 93] A
Table 1 Comparison of prediction results with respect to the Table 2 Prediction investigation of solutions from ANN
number of sensors(6-story structure) (6-story structure)
Installation Correlation No. of Mass ratios
No. of sensors placements coefficient(R) RMSE Sensors M1 M2 M3 M4 M5 M6
1 6 0.7386 0.0165 1 0.92 0.93 0.93 0.93 1.09 1.09
2 1,6 0.9139 0.0055 2 1.00 1.06 0.98 0.98 1.12 1.09
2 2,6 0.8601 0.0075 3 0.98 0.98 0.95 1.01 0.97 1.02
2 2,6 0.8359 0.0112 No. of Stiffness ratios
2 4,6 0.8079 0.0101 Sensors K1 K2 K3 K4 K5 K6
2 5,6 0.7723 0.0147 1 1.01 1.12 0.95 0.96 1.02 0.90
3 1,2,6 0.8830 0.0059 2 1.01 0.97 1.07 1.18 1.05 1.08
3 1,3,6 0.9293 0.0036 3 0.97 1.06 0.91 1.01 1.08 1.01
3 1,4,6 0.9162 0.0046 No. of Natural frequency ratios
3 1,5,6 0.9105 0.0041 Sensors Ist 2nd 3rd 4th 5th 6th
3 2,3,6 0.9283 0.0037 1 1.00 1.01 1.00 1.02 1.02 0.98
3 2,4,6 0.9011 0.0057 2 0.99 1.01 1.01 1.00 1.00 1.05
3 2,5,6 0.8916 0.0054 3 1.00 1.02 0.99 1.01 1.01 1.02
3 3,4,6 0.8691 0.0056 No. of Modal Assurance Criteria(MAC)
3 3,5,6 0.8763 0.0066 Sensors Ist 2nd 3rd 4th 5th 6th
3 4,5,6 0.8515 0.0083 1 1.00 0.99 0.98 091 0.76 0.79
2 1.00 1.00 1.00 0.99 0.86 0.85
H6-story M 10-story 3 1.00 1.00 1.00 1.00 0.99 1.00
1
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Table 3 Prediction investigation of solutions from ANN(10-story structure)

No. of Sensors Mass ratios
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
1 0.95 0.91 1.04 1.02 1.08 1.07 0.94 1.03 0.88 1.09
0.92 1.09 1.06 1.11 1.02 1.12 0.93 1.08 1.09 1.04
3 1.02 1.09 0.98 1.06 1.11 0.96 1.06 1.01 0.95 1.03
No. of Sensors Stiffness ratios
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10
1 0.99 1.16 0.90 0.68 1.39 1.17 1.17 0.86 0.79 1.53
1.05 1.10 0.78 1.29 1.06 1.39 1.24 1.33 0.82 0.97
3 1.05 1.04 1.12 0.91 0.96 1.51 1.15 1.08 1.19 1.07
Natural frequency ratios
No. of Sensors Ist 2nd 3rd 4th 5th 6th 7th 8th oth 10th
1 1.01 1.01 1.03 1.04 1.04 1.05 1.00 1.04 0.98 0.96
1.03 1.04 1.03 1.05 1.00 1.06 1.05 1.06 0.94 0.94
3 1.04 1.05 1.05 1.01 1.06 1.03 1.08 0.99 1.05 1.00
No. of Sensors Modal Assurance Criteria(MAC)
Ist 2nd 3rd 4th Sth 6th 7th 8th 9th 10th
1 1.00 0.99 0.95 0.86 0.90 0.87 0.76 0.71 0.57 0.66
1.00 1.00 0.99 0.94 0.93 0.91 0.78 0.64 0.79 0.90
3 1.00 1.00 0.98 0.99 0.96 0.95 0.87 0.76 0.80 0.98
TLZEO AL Ao MAE AR AR =83 o= Kim, K.S., Jung, S.M., Han, S.E. (2005) Prediction of Shear
o] 71531 Ao 2 AohE ) thyl o] 2 9 As AlAEEE Strength Using Artificial Neural Network for Reinforced Concrete
olo otkrro 7z JLRE0] Ak A AR E oS5t Members without Shear Reinforcement, J. Comput. Struct.
71l 2 E, 57 Yo ntet o5 e gebd A fng. Inst. Korea, 18(2), pp201-211
ot} Kim, E.J., Park, J.W., Sim, S.H. (2016) Kalman Filter-based Data

o] =2 20179 % AR(A) o Yo = = AA
cho] A Y vho} 3= 7] X AGEAFY J(No. NRF-2017R1
D1A1B03034978).
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