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Structural health monitoring system of multi-degree-of-freedom structures for environment with noise
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In this paper, an attempt is made to develop a structural health monitoring system that can
adapt to the structural systems and environments with noise, by introducing the learning
ability. At the previous research, a health monitoring system that can adapt to the structural
systems and environments through the learning ability was developed with the recognition

rate of over 80%.

By introducing the learning ability, it is unnecessary to prepare any

previous knowledge and examination for the underlying structures and environment.
However, the previous research could not account for the effects of noise involved in data
obtained from the sensors. In this paper, through the numerical examples, it is concluded that
the proposed system can recognize the change of structural characteristics and condition states

even under the noisy environment.
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-1 Parameters

Wind-force coefficient | 2
Air density 0.125 (kgf-sec’/m*)
Effective area 200 (m?)
Effective angle 90(°)
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-4 Summation values of displacement differences among

stories
Location of | 1ststory 2nd story 31 story
degradation
1st story 2.64X103 2.65X103 2.66X103
2nd story -4.00X 10 6.25X10% 6.10X10*
31 story 1.71X10* 3.43X10* 1.16 X103
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-2 Wind velocity 2

-2 Average values of displacement differences due to

variation of stiffness
deterioration 1% 3% 5% 10%
Wind1 0.105 0.244 0.278 0.329
Wind2 0.539 1.362 1.774 1.846
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k-3 Average values of displacement difference ratio
deterioration 1% 3% 5% 10%
Wind1 0.352 1.090 1.135 1.538
Wind2 0.340 0.979 1.162 1.143
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[&-4 Structure of proposed system

REVAT AL, RAT » T ORET AT D TR, F50
il & THIEORE R FUTIRIEO AT, RENEOREEFT O )
TERIC X Vg SIS,

VAT LD, B I OEENSE L LT, Ao
IS, WESREE T D, AT ABOMNT, HBEOA
e A O ONTEIGEATTH 5.

TRERTIE, A0, IBZENL, EREEE S LIS, RAT Y
T OREINS L OWERHEE TR 5. $REVAT LTI
PEHBICERBEO =2 —F LRy hU—27 ZHW
AdaBoost (250 FHl&1T 9. AdaBoost Ti, SEHIZ L 5
T A ERERICHOENPEDTFE LTI D LTS,
AdaBoost # % Z L2 LY, SFERER OSSR S LS.
F7, FFETARY AAI=a—T VT y hT—7 ZHND
728, FATREORFRIIIER L 2D LW RN L HD.

HIEECIE, THERCROIISE L, L ORRZER IO
ROERAE b LIBREOREE, BENEORERTY. BEOR
Y, 77 UAHEE VRSV O TREIT . Ty
HECI, SEORERE AN L L, B LIRE A H
145, BEHERE RO DIZDINER LTZ 7 7 P4 — V2 F

5 IRT. HBIERNC, 77 U lilEERCST, mEcE
BT DI ENTREE 72D,

HENIEIT2. R LTl , SEOREL T 5 Z LTk
DEENTRETH 5. IBEVAT AT, BRIDMEDR YK
TUVEAREL, TOMNEABENES L, ZOEAFFH
& FTRENE ARSI IR OBIE FTREME & 2.

-5 Fuzzy rules
Input value Output value
Error | Errorratio | Possibility of deterioration
Zero Zero
Small Zero
Zero
Medium Zero
Big Small
Zero Small
Small Small
Small
Medium Medium
Big Medium
Zero Medium
. Small Medium
Medium
Medium Medium
Big Big
Zero Medium
. Small Medium
Big
Medium Big
Big Big
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#-6 Compare the accuracy of the AdaBoost

Number of week 1 3 5

learning machine

Identification 0.1279 0.1220 0.1179
Prediction error 0.1355 0.1247 0.1323

#*&-7 Compare the accuracy of the Neural network

Number of neuron 2 3 4 5
Identification 0.1320 | 0.1279 | 0.1255 | 0.1001
Prediction error 0.1436 | 0.1355 | 0.1404 | 0.1437
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-8 Structural characteristics

Mass 6.12x10% (kg)
Stiffness 474X 108 (N /m)
Damping Coefficient | 7.68X 101
Natural Frequency | 1.41 (Hz)
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-5 Prediction error of displacement
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-6 Results of proposed system
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%%-9 Recognition rate

Intact situation |Deterioration situation
Recognition rate 100.0% 81.8%
False recognition rate 0.0% 18.2%
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%%-10 Recognition rate
Deterioration Recognition rate
rate Intact situation deterioration
1% 92.0% 79.5%
3% 91.3% 81.1%
5% 91.3% 81.0%
10% 90.5% 81.8%
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-7 Prediction error of displacement
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-8 Results of proposed system
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%%-11 Recognition rate

Intact situation |Deterioration situation

Recognition rate 82.2% 90.5%

False recognition rate 17.8% 9.5%
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#%-12 Recognition rate

Deterioration Recognition rate

rate Intact situation deterioration
1% 89.3% 82.0%
3% 85.2% 88.3%
5% 84.4% 90.2%
10% 82.2% 90.5%
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-9 Prediction error of displacement
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[®-10 Results of proposed system
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%%-13 Recognition rate

Intact situation |Deterioration situation
Recognition rate 75.5% 75.2%
False recognition rate 24.5% 24.8%
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%%-14 Recognition rate
Deterioration Recognition rate
rate Intact deterioration
1% 72.2% 71.5%
3% 73.2% 73.4%
5% 74.3% 74.0%
10% 75.5% 75.2%
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