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Fig.2 PSD and SV spectrum of Haining Arch Bridge

0 5 10 15

B I B HE 25 . Rl 2 v 0~5 Hz 19 R BB 24, Al —
B"m,\\ﬂﬁﬂ%{aﬁ)iiw):#mm*% o N TR

(5] A, A% SCAX SR — A~ T 1) 1) 40 ) \JJIJL‘M*%*
& 2 A S A 5 b DA T B AR 4% B 430 36 00 ) 4 (L,
tP@ﬁ%%ﬁﬁﬁéiﬁ(ﬂJELﬁéﬂEﬁ TR AT

HSA 2 AR R 2 0y 1 (% #k 1m)) , de 24 i
&R B y 7 (B ), 324

AL 158 A ) AR A 1] 79 O 8 A 22 3K, A ST i
Wik &R S . TSR RS RS H
iz%zz,n%?%@f%lmﬂzﬁﬂ%ﬁm%émlﬁl,ﬁ'ﬁﬁﬁé?ﬁ%
S5 JL 0 IE B PE B R R R IR UET T LA SO R A
B Al 0] PR A BIUE B . AR SC HF R A KAk
BVESRAF I OB RS , iR 3 T o

S RBONPREZBRDLE R THRESH
AN S P o 2 3 48t Y78 S R B R Lou-
is R o FEREE OB XS HE BT AR S [A]— H
Wiz A7 WA 7 5 10 YR 7 Y I E) o X T 5 A F 6
B AR SO vE S B S ACR AT L (R A BT
Bf ) b b AR T A 29 5.4 s,

PR 5 R TR A R 4 SR AN TR 3 TR o 4% B A LA
PSIR B I S 44, W TY 18R y 7 188 —Br,
R3IFRHEL =B o $55 AR B 092 5 R 8L,

®3 BTHAESSHEIRANER
Tab.3 Identified modal parameters of Haining Arch

Bridge

- Wi BLE H e

E vl 2 S vl A5 EiE/, AX
TR /Hz REU/% SR/ % R % s RE
1 2.53 3.60 8.63 6.33 1.71 1.93
2 4.27 1.70 5.21 4.04 4.22 4.69
3 9.28 1.60 5.96 3.99 5.61 6.11
4 15.37 1.20 2.49 6.09 4.07 4.28
5 2343 0.95 1.53 15.61 4.28 1.50
6  24.65 1.30 3.18 6.89 5.37 4.22
7 26.40 0.14 0.23 6.90 2.53 2.99
8  28.16 0.52 1.04 8.59 1.66 1.79
9 4145 0.72 2.08 7.62 6.88 3.42
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Fig.3 Identified mode shapes of Halmng Arch Bridge
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Fig. 5 Test configuration of Bell Tower in each test step
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Tab.4 Identified modal parameters of Bell Tower

A EE A
S8 AW 1 2 3 4 5

X1 1.55 1.54 1.54 1.54 1.54
Y1 1.60 1.58 1.59 1.58 1.58
z1 2.39 2.40 2.30 2.27 2.23
R1 4.80 4.81 4.80 4.79 4.79
ﬁi/ X2 5.75 5.72 5.70 5.70 5.71
Y2 5.77 5.74 5.72 5.72 5.71
R2 8.58 8.56 8.56 8.55 8.54
X3 10.72  10.67 10.70 10.65 10.52
Y3 1077 10.85 10.92 10.77 10.64

X1 1.89 1.61 1.47 1.61 1.54
Y1 1.16 1.85 1.67 1.67 1.43
yal 7.51 11.72 10.07 6.26 7.20
R1 0.92 1.11 1.00 1.50 1.09
[Sﬂ):lililﬁ/ X2 1.59 1.65 2.05 1.96 2.43
Y2 1.58 1.68 1.97 2.17 2.19
R2 1.06 1.23 1.65 1.42 1.36
X3 4.43 3.79 3.42 3.97 4.38

Y3 6.00 4.60 5.01 4.88 4.51
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Fig. 7 Identified mode shapes of Bell Tower
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Tab.5 Identification uncertainty of damping ratio

) HBk AR
2
X1 Y1 R1 X1 Y1 R1
1 873 10.56 7.61 873 10.54 7.61
2 929 868 7.20 9.29 871 7.20
3 979 9.23 744 979  9.23 7.44
4 9.31  9.09 6.71 9.30  9.08 6.71
5 9.40  9.63 7.24 9.37  9.64 7.24
FEBT /s 32.42 7.21 10.45 7.42
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Latent variable model and its application to

Bayesian operational modal analysis

ZHU Wei', LI Bin-bin"**, XIE Yan-long*, CHEN Xiao-yu'
(1.ZJU-UTUC Institute, Zhejiang University, Haining 314400, China;
2.Center for Balance Architecture, Zhejiang University, Hangzhou 310058, China;
3.The Architectural Design and Research Institute of Zhejiang University Co., Ltd., Hangzhou 310058, China;
4.College of Civil and Transportation Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: As a method for operational modal analysis (OMA) , the Bayesian FFT algorithm has garnerd significant attention for
its high accuracy and efficiency, as well as its ability of uncertainty quantification. However, different cases of OMA (e.g. well-sep-
arated mode, closely-spaced modes, and multi-setup OMA) require different optimization strategy, and it is tedious in computer
coding. A new framework is proposed in this paper to unify the above-mentioned cases of OMA, and the implement is simplified as
a consequence. Regarding the structural modal response as a latent variable, the single-setup and multi-setup Bayesian OMA is
cast as latent variable models, which have been deeply investigated in statistics. An expectation-maximization (EM) algorithm is
developed for both single-setup and multi-setup OMA. The introduction of latent variables decouples the parameter optimization in
EM, and Louis identity is employed to calculate the Hessian matrix. Two field tests are applied to verify the performance of the
proposed approach, with a comparison to the existing algorithm. Consistent results are obtained, and a great advantage in efficiency
is observed in the case of closely-spaced modes. The proposed latent variable model unifies the cases of Bayesian OMA, with the
advantage of simplified implementation and fast computation. It also paves a way for a further improvement of Bayesian OMA , e.g.

with the approach of variational Bayes or Gibbs sampling.
Key words: operational modal analysis; parameter identification ; latent variable model ; expectation maximization ; uncertainty
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