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Development of Statistical/Probabilistic-Based Adaptive Thresholding Algorithm
for Monitoring the Safety of the Structure

Tae-Heon Kiml*, Ki-Tae Park’

Abstract: Recently, buildings tend to be large size, complex shape and functional. As the size of buildings is becoming massive, the need for structural
health monitoring(SHM) technique is ever-increasing. Various SHM techniques have been studied for buildings which have different dynamic
characteristics and are influenced by various external loads. Generally, the visual inspection and non-destructive test for an accessible point of structures
are performed by experts. But nowadays, the system is required which is online measurement and detect risk elements automatically without blind
spots on structures. In this study, in order to consider the response of non-linear structures, proposed a signal feature extraction and the adaptive threshold
setting algorithm utilized to determine the abnormal behavior by using statistical methods such as control chart, root mean square deviation, generalized
extremely distribution. And the performance of that was validated by using the acceleration response of structures during earthquakes measuring system
of forced vibration tests and actual operation.

Keywords: Structural health monitoring, Abnormal behavior, Vibration response, Adaptive threshold, Long-term monitoring

.M = o] Brhsw Al gl U3k WA o2 g o2 35l
o] Hzol e 2l AS A 2R o) 3 AFO R 9|

dutH o B A EL T X9 85 B 54 sl thFek P48 U 7 A= A2He] 8755 T (Kim et al,
woky} 972 AMEH, ozto] A&ehs Z7to| B B} 2015). A=ELS Bl A5 2 A H 9, gl o

oletet AESA T M2 AT ke HH|So] MA|E 4 FEFe 7] d2ol 83 F7kshe v =l
o). 2| AZEL B 7153 Fejg Hol1 3lo 7EaL sl

(Kim etal., 2014), Z7]7} At ol whe} 274t w, 210 ?5—394 A2 (Global) 1718 B7F o2 wWe AT
=gy o )d s aRe] e 2 utgsr g oA IE S-S o] 88k F Wsh 914 WS}, 331 73

A= 28] L A7 oW Tel S et E R (o etal, 2013), T HSh AR WL 5o A5 WSt S92 FEska kR
AR Aoz T=H 2 T E A2 F7o] Q7 t}, ojufl, ~8FA melo] AR of Floj) u4—13]-M0del Based Method
a1, AR 74% Brle] L8 o xaa W @A ZshlE 7 2} Non-model Based Method 2 7% < Y THDoebling et al.,
ZE 2174 73AI(Structural Health Monitoring) 71&2] =8 1998). Model Based Method= <=/ % “Jll(Intact State) 2] <
7} 27}k QIthSohn et al,, 2014). WebA] Fo Apsl kA B RS VIE0R A o) £ of 7 F dashs W
HE 3 37129 AL sty glom, Fe A HOEM Awd 55 RS 7] 99 AlxE A
B7}o) oJaf) A P53 2™ o)) thak Sk AAL 9 v 3k 7 (System Identification)”]s¢] & 83}T}. Non-model Based
A= 2=al5har QA9 M 7o) B a sk olE ) zpelo) HE w Method= <7 A JHlo] 25 54 215 E 7|02 A
AreEjo] &4 JHE Adste g 5k wdo] Qg Qi)
Model Based Method 712 7%42] 91X]¢} & A =7 A=

AR8, Beddslad 7l TaRaTe A7, 20A% o] 7Fs ARt &d m el Je|o]”o] ftE|ojofsl v
439, FIAEY)EATY TEFHATE AT . o srpol o=
*Corresponding author: tacheon@kict.re.kr o] S1t}. RFH Non-model Based Method2 <3| H =& v}
Korea Institute of Civil Engineering and Building Technology olsl=d] o] PR\t &AFe] F-5-2F Y] AEL 7]-—-3]-1:}(Lee
B =gl 3 B E2016'd 8 19714 33| = Bl A9 20161 94

Fo E2AIE AAsASU T et al., 2008) ‘é‘, '?ZOH}\—] O—]O] /\]Xﬂ '7' E/] 74]‘_‘78

Copyright © 2016 by The Korea Institute for Structural Maintenance and Inspection. 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.

1



BE FA/EE Yl A8ste] &4 775 39 5 Uth
SHA| R 21 57| 9k &74dwhA] 7 ]‘?3 243 Rd& 7Pt ERE
74 5 vAPEAE 8A4AE 13T F vk Hol ATH(Huh
and Kim, 2010). & 7ol 4= Non-model Based Method 3
dae]Fol v FA S sk 98] 7259 SEE °l &
st BA/ZE7INE A& dAX 2R daelEe] e
TR oH, ZAXE AP AAS vlolEE o]&sto
R daelEe] AES A

ﬂl

l‘ﬁ _LtN..

R

d

2. TA/EEI |2 MY
EmC = by

HAHX 2T

A E=ral BejA| 2Elo 2™ A E B8l ASS 4t
o thated He7|Ex| & A 83t F FL& = &3t
I ot HA FEEAH A 2] 7EXE =85k o]
T2E EAl At el welrlExY LA 2 AN
o] 28 A o|th(Lee et al., 2010). WehA T2 EA4J 0
whe} 1A X1 A2 72X & UAISH] 218 483 JAA
A7 GaglE-S ARbst AT

Non-model Based Method 9| A AMS-E= 7 82| FE|
2 7HEE FE3HES o83t e BA/EETIREY] 45
B4 = AH S AR Askd EAS A8 YAA A
ol A-&3sta 7= el & setehs dAE A Lare
&2 Fig. 137 2tk

N

Vibration signal

Abnormal behavior point extract
s s

Frequency domain Time domain
feature extraction feature extraction
Root RS X-bar control chart
squared deviation
8 2
| !

Adaptive threshold

Decision making

Fig. 1 The proposed algorithm

2 SRPESFICH X2 EHE =2 F] M 20H H4F(2016. 7)

21 SAH=ETHEe| Al BY =&

AZE B ] 544 FF-2 X-bar control chart 7] & ©]-8-3}
SATE. Control chart 7]% o] & B o] ] o] &3£o]| 7} 2 gk ¢
E BEE A, 719, 9%, 24 59 gE BrE
o]g3}o] 3] (Upper Control Limit, UCL) % 3}3FX](Lower
Control Limit, LCL)E A3t= 7R o]t} ©] % X-bar control
charti= Fig. 29} 2¢| lo|E]& A 5F H3£9 fittingdho] B+
(p) FFHAK0)E F43}+aL, ©] k& o]&3te] UCL¥ LCL
£ AR 7 o o] & Hlojih= ok}l of(outlier) & A
sl

Tyl FY 9] B4 FE5 213l RMSD(Root Mean Squared
Deviation)”7 |5 -& 0] 83}tk RMSD+= 2)(1)3} o] 7] &%
o2 A deol e Hx A5t A AdedA ASE
oJf 319 ztolE Fx A5 2N Atstslr] 1%k ZEA 2~
olth. 714 72 BlaLe] 7]Fo] H= 4l S(baseline) ™, Z,
= Bt g AARE S E = Al sot) weba] 2 3 E 4
wet F3xFukE ol s 2 X% W) P4 Wst 5o MRk
A5 W3} 2fol & A3}s Atk

[Re(Z,)— Re(Z,)]
RMSD (7 = : x 100 1
‘ Z‘\/ ReZ )T M
22 &2 Bu sjMS =3 Qx| MF
b AHe] A5 54

3S Gk o ® A RT3
B EoR A AHEHER B Brel A o
shaL, o] Fto] X5 FA 5] el AlbE Yk 52 B
(Generalized Extreme Value Distribution, GEV dist.)& 7%
=0 &4 A okl wl-¢- A Exefu B vk
Wk =] 322k A 5F E-3E(normal distribution) A &4 =
Hof 711l 2= o] A= vlolH £EE BAkSHE gE &
Z2M 2(2)9F 2ol FojHtt

_ o\
GBV: 3l o= exp|— |1+ “L | @
g
0.2
Standard deviation(o)
5 0.1 / - | ucL
o
K]
g 0 .. | M ! | \ E:.L'—-
8
< -0.1 .
\ T ' Y I I L} L. c L
% 5 10 15 20

Time (sec)

Fig. 2 Concept of X-bar control chart technique
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Fig. 3 Generalized extreme value distribution
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Table 1 Experimental Damage Cases
Case # Condition
Case 1 Normal-all bracing fastened
Case 2 Bracing on 1* floor remove
Case 3 Bracing on 2™ floor remove
Case 4 Bracing on 3™ floor remove
Case 5 Bracing on 1% and 2™ floor remove
Case 6 Bracing on 1% and 3™ floor remove
Case 7 Bracing on 2™ and 3™ floor remove
Case 8 Damaged-all bracing removed
Case 9 Back to normal-all bracing fastened
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Fig. 4 Result of feature extraction in the time domain
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Fig. 6 Installation Location of the seismic accelerometers at Olympic
Bridge upper mold

2 oA &G T ALAS Al 2=Hl 025 g=
3 7HE= HolBE ol 85l datelE HS5e T3l Bl

a|

=
A% B7VEIAT Fig, 67} o] ST i As 7o
AR Fol Qs 370 A7 7HEEA EHlolBE o] g3k A

|
Bt dagEE ATk AR 7R HolH = AlZto]
13}=] o] lom thekdt RIZEE O] VR EAI = 1048 14 2

Table 2 Specifications of the earthquake accelerometers

Sensitivity [G] Model Name
SL-OP2 2 CMG-5U
SL-OP3 0.5 FBA23
SL-OP5 0.5 FBA ES-T
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