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Abstract Environmental facilities are required to recover quickly from earthquake damage and maintain
normal function. On the other hand, they are excluded from the facilities subject to seismic acceleration
measurement obligations under the current regulations. The MEMS acceleration sensor module can
reduce the cost of burying communication lines in the existing SHM system. In addition, it has excellent
scalability because it can respond quickly to changes in the measurement points. Therefore, this study
established a pilot monitoring system using MEMS acceleration sensor modules for two environmental
facilities and confirmed the possibility of replacing the existing SHM system through analysis of the
empirical and measurement data for two years. In measuring the ambient vibration environment, the
main functions of the module, such as shock vibration detection, 24-hour vibration monitoring, and
measurement data storage, were verified. In seismic wave measurement data analysis, the data and
waveforms measured by the module for earthquakes in 2022 and 2023 were analyzed. Using the
acceleration measured by the module, building safety could be evaluated in connection with disaster
standard operating procedure (SOP), and secondary damage can be reduced by linking with the process

management system of environmental facilities in real-time.
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Fig. 1. 2022 Earthquakes on the Korean Peninsula

al

1.2 A71=H

E A9 B2 71& SHM v v E7o] s
3t MEMS 714k AAE 283 SHM AIA'S A9t 5F
£ Aot} o]F Yt JdTERE FHALE: LAY
&, HEAYARE A 235% 2= MEMS 7K AlA
BE(Module)& E85to] Al RUET AAHFE 15
st 24d7 AS 9 AlSAkE £42 B9 71€ SHM A

2% YA s oiRE SISk Aolt

pul
L

2. MEMS 718k MM BE 4F

2.1 HdH

MEMS 7H&E& AlA 2E A5 9 Hold 45
P o g 2 47)0] Ak (1) MEMS 7I&% AlA
718, ) A BE A3 A A4, 3) ZUHH
(49 MEMS 7145 Al 2E AS 45 BA408 74
At Fig. 2+ 2 A9 SEEE TASKE Aotk

o5
A
BE
A=

[SX)

]_

ol

2.2 MEMS 7t&E MM 2E 7|8

B Ao ARSE MEMS 7R&EE AlAE oA A
AHE BA 3% E4o] ks A 24 & Sk |
= 0.1~50Hz, 54 &4 ¥ 90dBY E4E 2=
ot MEMS 7% AllA e Fig. 37 o] 1749 B
S MEMS 7H&E AlA, Hlolg A7 9 U EH



FAte7|&te= A A25d A3E, 2024

pil

| Start
i
(1) Planning of the MEMS accelerometer module

Measurement mechanism Operation hardware

MEMS acceleration sensor,
Data acquisition devices (ICU),
Telecommunication (Modem)

i

(2) Selection of installation locations for the MEMS modules

Protective enclosure,
Power supply

Data review On-site Measurement noise check

Machine vibration interference,
Worker's movement

i
(3) Monitoring the MEMS modules

Drawing,
Process & Equipment

Ambient vibration Seismic waves

DATA measurement,
DATA saving

Check earthquake occurrence,
Check earthquake DATA saving

!

(4) Analysis DATA of the MEMS modules

Seismic waves

Analysis of KMA data,
FFT Analysis & PGA,
Calculation damage (PGA based)

1

| Fiush |

Ambient vibration

Error check,
Change preferences

Fig. 2. Research flow chart
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Fig. 4. Effect of application MEMS accelerometer
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* MEMS: Micro Electro Mechanical Systems
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MEMS modules: Data review and On-site
Measurement noise check

2.4 MEMS 7t&E M 25 ZLEHE A3
FHAAL ABle] S0t BE 5 /AL 9
EST2BI} At FRB0 A5H 4N A AHBE
THEL A A%RE A5t ERTEE A% L g
o 29 Aold 4TS S
£ AT 4349 A5t 7L EROZH A}
7289 Hol3 vhgt w7k Zol7k AR 5.0m o]

L BSE 1) B0l A% PRBI ASE 4R A%

AFBS 35E 2 5 ofst, ARAS S00m olte]
E4g ZEr) ok W KDS AXE HAAAI%)



SAANALE H4F MEMS 7HEE AA AZAE A1

AstEE WAEA 44 282l A9 Aol st
tHI

ERE AJof FRES ANEo R FEpo] Qloms AR
A A5E 22 B 2t ApAEe] Atd
ot ol alEfste] £ ATellAl= AlA e A HAE
Ast FE2EI A&E AR ARG 522 Vs B2 H
Az st

2.4.1 BAdA (SITE )

L4 AS dAF AFEL Fig. 63 Lol F5
Az 2 7Y FA 374 FEEUE, o7,
229 A5t FxE} A%H AR A AE=
sk AeAtda 34 54 A o
Z2o] AXF Wxo| F7]42 75,
o5 5 714 ¥l YL Wtk

o
=

BG40 X5} 2 LRET A&H AR A
AFEL ALEIE 7234 AFERA 35 A

4 1%, 23 3~8mo|th

® | Measurement point

Fig. 6. Measurement points of water purification
plants

373

=
2
i)
o
)
B
i,
N
of
Hz
=2
fru
r)~
o
ot
%R
e

2743 1% Fiet 71 A Aol
Zuhs 2 PGS HESAT 714
A5 HIGFS P4 2.3, A4 B8 4
AN At At o] Arky Hekc.
E3 FEEYE oA FL WY s|E0E Hag

19

ol

2T FYA 5 ARG
SR A,

Fig. 7. Installation photos of water purification plants

2.4.2 HXE|AIHA (SITE 2)

2 A7 gl weAEAtd Lol ME AR AsE e
EET2EY Ae IL ske A A AF=0l
Ak, EZE A5o] gle A o TEREE 29
A ole AFaY HaeAE 49 E43 1995
& 34 A AT e
A Ao AlmErt

HEA AR A A R AS5E
A 549 34
=2 Akt

I 1Y 59 A HE
2 Fig. 87} go] &+
AR, V%, @47159 A A=

ol W ALY AL 3

0

SHRE F1 4~5mo] ¥ T W AZE,
1 6~7m9 A3t 1%, A4 d

23 7~7m9 A3}t 1%,
o & 7i9] AZES] AL

Solo] itk

Jjm

@ | Measurement point

Fig. 8. Measurement points of wastewater treatment
plants



A7 &5E =1 A A25d A3ZE, 2024

B A ) AX BE 84 914 Fig. 9% Zo|
29| 93t 27159 Y 71 A

4 SRES R D
8% B AN J15 RAE el A% W2
ol BRHY, Y4YIBY A9 AE B FH, 9%
34 9ol APk U 715 ¥4 5 714 o)

ol e g APt

Fig. 9. Installation photos of wastewater treatment
plants

2.5 MEMS 7I&E MM 2F A= H0|E 24

MEMS 7H5= AlM BF A5 ZYEPE 915 MEMS
ST AA AEALY] BUE Y T2 O3S 2851t
ol& &dl Fig. 103} Zo] AATt A Hole g X2}
Jm=E gRIst, AZ HolEE PIYAIE(Mseed) Tt
dF2 oz ATt AS HolHe &Ed 34 5
A5 A Al HolElQ} 24417 AAIE AlS HlolHE T
EEo] AgH

AZ o8 42 Al X5 AS dHloly £4
3} R} Al glojg] B0 F FESIGTE =7 flo]
B E42 ‘Seismology Research Center' 9] ¥& I
2RI ‘Waves' & E85I91th. BE0A ASTH AlA
g dolele] M 7I&E £, FFT 4, iEdEE &
gt HlolEl 718 5= FHsksich

Fig. 10. Monitoring program and data analysis
program

A HOJEf 24
o 7|APgH] WO Fig,
W53} Gy 54 Aol u

Event data 1(2gal)

B
SRRSO ¥\ I

16.92 Hz

- ld
rm————— \.wl\x‘{fﬂ% T

0 Min

36.42Hz

Event data 2(Sgal)

The frequency is 36Hz, which is confirmed
to be the natural frequency of machine vibration.

Fig. 11. Periodic machine vibration and shock

vibration

27142 714 A% dol

gt Hzp FFT 4

L 9y AR HoR %

g
ogt FHIg2 36.42HzE

0.1~10Hz®] 4Rkl A[xut Hje Fuppg Hloju=
EAE Zteth B3 A 54 AT HlolE: FFT #
Ao o5t Hugk 16.92H2 A7 Y Fug

Hlofst.

BTN LI A3 7RG AT 2R =
Fig. 129} o] & 4FFoIH[9], AT AR|ECA B
H eRe E95HR] 2 By ot AS oF A
A2 doly A ¢ RUHZE AFEH Hxe F

sow woE

Error Type 1: Upper-lower asymmetric error

mwr finsiisiininnain

Torvor Type 3: the same

The cause of the error is insufficient memory in the ICU
device(Tablet PC, mini PC),

HP prodesk 400 Mini

Microsoft Surface Go 3

Fig. 12. Monitoring Error of ambient vibration

2.5.2 X|Zot A= HOJE 24

202295 AR AFS AR F= o] 1
I 3.0 o< Ao = AT 2022 104 F
W 419 35 T4 AF1T} 20239 19 72 3.79) A

Aot AR o ASHE A5t glo]

2 24

£ oI g



SAALE A MEMS 7R&EE AN AZAHE AF

Aot dolg B4E s Fig. 13, 14 U
AW BH A0 71%

A% Ax
Table 13} go] 7]37gollA 27kt

51o[10,11], A AA AFE, ASA] XK =2k 37
/\]ﬂ x]o(;-_-ﬂ} Al
A5 A7) A

95A 2k AR, 1A B
2 srstgch

7|kt

BECER-- - -

Seismic intensity distribution
Sitel.: I, Site2: T

Propagation fime of seismic waves  Distance from epicenter to fest site
(0.1~ 5z band filter applied) Sitel: 130km, Site2: 117km

Fig. 13. 2022 Goesan, Chungcheongbuk Earthquake
M 4.1)

BECER - - - - -

Seismic intensity distribution
Sitel.: I, Site2: T

Propagation time of seisuiic waves  Distance from epicenter to test site
Sitel: 49k, Site2: 64km
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Table 1. Earthquake information

Catego 2022 Goesan | 2023 Ganghwa
ategory Earthquake Earthquake
Occurrence Time 2022.10.29. 2023.01.09.
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Fig. 16. SITE 1 seismic waveform data analysis 2022
Earthquake(up) and 2023 Earthquake(down)
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Fig. 17. SITE 2 seismic waveform data analysis 2022
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Fig. 18. Building safety assessment with disaster SOP
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