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Identification of Instantaneous Modal Parameters of
A Time Varying Structure via A Neural Network

Student : Zeng-Wei Hsu Adviser : Dr. Chiung-Shiann Huang

Department of Civil Engineering

Nationalr€hiao=Tung University

Abstract

Time varying systems find many applications in wvarious fields. In
mechanical and civil engineering, .a system with active control devices of
modifying stiffness or damping.of.the.system.is.a.time varying system. When a
structure isidamaged"underydynamic-loading, the structure normally displays
changes in stiffness and.damping with time. The changes‘with time in stiffness
and damping of a system result in-time-varying instantaneous model parameters
IS an important issue in damage assessment of a structure.

The present work develops a novel procedure of establishing BP neural
network of a time varying system and estimating instantaneous model
parameters of the system from established neural network. The connective
weights and thresholds in a neural network are assumed as functions of time and

are expanded by polynomials. A weighted least-squares approach is applied to



determine the coefficients of the polynomials. Because of using the weighted
least-squares approach, the coefficients of the polynomials also depend on time.
Consequently, only low orders of polynomials are needed to expand the
connective weights and thresholds.

The feasibility of the proposed procedure is demonstrated by processing
numerically simulated dynamic responses of a nonlinear system and a
time-varying linear system. It is also performed to investigate the effects of
weighting functien.in the weighted least-square approach, polynomial order, and
noise on establishing a suitable neural netwerk and-determining instantaneous
model parameters. Finally, the "proposed ‘procedure is, applied to process
measured-dynamics responses of a RC. structure under shaking table tests. The
experimental structure has been shaken io perform nonlinear behaviors. When
dramatic-changes are observed .in the slope. of the measured relationship
between force and displacement for the experimental structure, the identified

instantaneous'model parameters also show significant changes.

Key Words: Time Varying System, BP Neural Network, Weighted Least-Squares

Approach, Polynomial Order
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PHFL2Z S E (%) | pHFLLTEE (%)
niL| #F PR I A 5 FE R Wb
1| 1.06 9.71 0.22 1.90
02| 146 6.13 0.46 1.57
5| 3.29 1.24 2.82
1 0.59
112 7 0.40

5
1 .
12 9.39 35.3 1.77 5.86
5 34.8 44.9 8.55 13.8
1 1.10 18.3 0.24 2.23
2|2 0.56 3.57 0.20 1.09
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%2 33 FiRAZEROGEIATHBWEEEL
(o 1) PSR E 2 B B (%) | PSR E 2 TE (%)
#E FE R bb #E FE R b
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# 34T GGz FH R AT HEZ R LR
(i) WHFL2Z 2 @ (%) | WHEHFLLTSDE (%)
#g & L #g & AR
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(30,31) 4.01 56 1.26 9.37
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Z 35 ZEAP k sz Bhu| i kiR
EFLZE < B (%) | BHEFEL T0E (%)
niL| #3F FE R A 3 FE Rt
1| 8.69 27.7 1.52 4,73
0|2] 829 29.9 1.77 4.34
5| 7.40 23.2 2.30 5.40
1| 8.75 26.6 1.41 5.18
112 821 19.2 1.53 3.69
5] 7.21 17.0 1.85 4.47
1| 8.81 32.2 1.38 5.58
212 9.09 19.1 1.49 3.34
5| 7.48 15.7 1.75 4.03
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1 .
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2 TiaE (%)
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5| 7.77 9.97 2.27 3.57
1| 863 93.8 1.69 12.4
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2 2 Z
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i (%) T :
1 13.6 2.32.
.I O 2 n -
_a'. S .
| | .I
|
|
| | .il | |
J 2
% 3.8c ALk Rt A = S c Sfc > z=3 )
7 . P‘]g_j»
nlL|&r@E (%)@ (%)
1 22.6 3.89
0|2 23.8 4.43
5 27.1 5.33
1 8.46 1.00
12 13.3 1.75
5 21.8 2.90
5|1 5.00 0.48
2 7.98 1.21
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4 3108 M A B Epld L o ol 21 )
2 YA 2
nL|#x® )| zmE (%)
1 3.68 0.75
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12 4.59 0.74
5 6.94 1.03
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- O 2 [ "
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J 2
% 3.10c ML) SERliE R R c 30> z=3 )
7 P 7
njL|&+& )| TmE (%)
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2 PB4 2.
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7 PREE 2
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