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Stochastic Model Updating Based on Kriging Model and
Lifting Wavelet Transform

WU Yucheng, YIN Hong, PENG Zhenrui
( School of Mechanical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, P.R.China )

Abstract: In order to improve the efficiency of stochastic model updating and reduce the amount of calculation, a stochastic
model updating method based on Kriging model and lifting wavelet transform was proposed. Firstly, the lifting wavelet
transform was performed on the acceleration frequency response function, and the Sth-level approximate coefficients were
extracted to replace the original frequency response function; secondly, the Latin hypercube sampling was applied to sample
the parameters to be updated and the corresponding approximate coefficients as the outputs to build the Kriging model. A
butterfly optimization algorithm with Lévy flight (LBOA) was proposed and used to improve the accuracy of Kriging
model; finally, with the goal of minimizing the Wasserstein distance, the mean values of the parameters to be updated were
solved with the whale optimization algorithm. The results of the test function show that, the LBOA greatly improves in
terms of optimization, convergence accuracy and stability. The updating errors of the numerical examples are all less than

0.4%, and indicate the high accuracy and efficiency of the proposed model updating method.
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Table 1  Optimization results of the improved BOA algorithm

. BOA LBOA
function mean value standard deviation successful rate 6/% mean value standard deviation successful rate 6/%

fi 1.80E-14 1.25E-15 100 0 0 100

f2 9.43E-12 3.40E-12 100 0 0 100

f 7.67E—4 3.48E4 0 437E-5 4.93E-5 86

fa 1.81E-15 2.24E-15 100 0 0 100

I 1.90E+1 5.81E+1 80 0 0 100

o 1.19E-11 1.95E-12 100 8.88E-16 0 100
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Table 2 Comparison of optimization results

LBOA BOA
Ok 4.064 5% 107 3.3205
fitting value e 7.3962 x 107 6.9419x107°
running time #/s 27.2 27.7
3x107 —-9.8
—RMSE
- true value n
—+Kriging model prediction E
2x107°} ¢ /' 1-9.805.5
v b=
= 3
E;
1107 1-9.81 &
H g
y <
0 ﬂmHmH HHHHHHHH ‘H‘Hm [ g g15
1 5 9 13 17 21 25

test set number of groups M
7 Kriging BORUKE R Al
Fig. 7 Accuracy evaluation of the Kriging model

ATLLAE H, 3 1 Kriging B FUN A A1 LS JLF- 854, RMSE (HIR T3 x 107, B4 3& /Y Kriging
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I, TEMRM LIRSS B R 2B B Y Gauss 7315 HHBEALAHER 200 MEAS, 3155 AFRF Jf #1575 AT
1634 J5 (9 AFRF #F 47 A8 7] 09 52 /N I A8 4, SR AR 5 )2 305 (0L R 204 R A Bl 56 e iz, D A /I Ak
Wasserstein 5 23454 B AR R AL, 8 4 g f0 O A0 350 6 ORI 18 IE S BN A B TEJS i 3{E SR 25 3k 3
JIi7R.

3 MIREHIBIENE SEE KR %

Table 3 Parameter mean values and errors of the truss structure before and after updating

updated parameter test value finite element value updated value relative error 6/%
Eg/GPa 190 171 189.881 0.0626
E@/GPa 190 209 190.009 0.0047
Ez/GPa 190 171 189.937 0.0331
Eg@/GPa 190 209 189.971 0.0155

AL, A SEUE IS BRI AR ZE RN, BT 0.07%, A2 T m R IEAS . AFRF B 1E
Je WG B LEBANTAT 8 iz, l LAFE HAS TG T I Ay ) o - RS EL ST I ) A1) o 6 100 T3 FE s, BE 17 AR
SCTT R A R,

i — 2RI B B 7 R BB IERCR IR, 70 3] AFRF AL 5 64 30 28 K50 DA i o7 45 ik R4 A
RUEIE, HWECHAE Kriging SRR AB IESCRTHIIE S . th 3 4 ATLUR H, ¥ AFRF JE47 52 7H/ N2 e
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Fig. 8 AFREF curves before and after updating

R4 AFEMARIEAR T A9ZERXT L

Table 4 Comparison of results under different response indicators
L relative error of Eg relative error of Egy relative error of Eg relative error of Eg time consumed
response indicator 5,/% 5,/% 53/% 54/% is
AFRF 1.8092 1.8907 0.9921 0.7739 92
approximate coefficient 0.0626 0.0047 0.0331 0.0155 27

3.2 =4HEHTEE

3.2.1 &K IAEt
—HEMTIREE R AUFE 66 AN EATT, 28 N A48 DN H B, BK 2.80 m, FE 0.39 m. & 0.27 m. HiAEH 4 4>

SR TE TR (W R34 50 1, 8.9, 16), PIA 1Y iy g B i e, S5 kA il A0 B A 13 (6 B P 9 B,

270 mm

excitation position

measuring position

B9 =4ty
Fig. 9 The 3D truss structure
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