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Tab.1 Comparison of identified model parameters between p_LSCF and improved p_LSCF
LTES FHJE Lt
Brik (g / it p LSCF J5 46 p_LSCF i it p LSCF Jitlfi p LSCF
Heo ibgifi/me  22/%  SE/Me w2/ B8 /v W/ WR/Y RE/%
1 13.387 13.387 0.004 13.388 0.007 1.381 1.379 0.129 1.385 0.320
2 22.848 22.858 0.044 22.856 0.035 2.223 2.189 1.543 2.174 2.187
3 28.174 28.194 0.070 28.190 0.056 2.712 2.698 0.521 2.686 0.943
4 28.868 28.877 0.031 28.871 0.010 2.776 2.719 2.064 2.707 2.475
5 40.145 40.137 0.019 40.119 0.065 3.823 3.751 1.886 3.747 1.993
6 41.386 41.365 0.051 41.373 0.031 3.939 3.980 1.051 3.978 0.980
7 46.900 46.945 0.096 46.965 0.139 4.454 4.202 5.666 4.169 6.395
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Tab.2 Comparison of identified model parameters under

different noise levels

—_— LES S NTE YN0 FHJE LR KRR 2/ 00
vy Mok il it Bl

p_LSCF p_LSCF p_LSCF p_LSCF

10 0.096 0.139 5.666 6.395
20 0.253 0.428 12.75 13.307
30 0.626 0.646 16.851 19.219
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Tab.3 Comparison of the identification results
i /Hz FHLJE L/ %
i
SSI it p LSCF Jilfip_ LSCF SSI Uit p_ LSCF Jilfip_ LSCF
1 0.780 0.779 0.779 0.488 0.465 0.455
2 0.823 0.827 0.827 1.489 0.899 0.877
3 1.147 1.147 1.146 0.600 0.460 0.559
4 1.415 1.416 1.416 0.483 0.395 0.396
5 1.756 1.755 1.755 0.462 0.362 0.343
6 2.015 2.017 2.017 0.377 0.502 0.471
7 2.229 2.232 2.232 0.511 0.581 0.619
8 3.044 3.046 3.047 0.585 0.595 0.621
9 3.341 3.345 3.345 0.572 0.533 0.533
10 3.527 3.517 3.518 0.338 0.334 0.342
11 3.768 3.769 3.769 0.469 0.405 0.404
12 4.384 4.396 4.398 0.774 0.508 0.491
13 4.772 4.762 4.763 0.643 0.377 0.373
14 5.213 5.226 5.225 0.475 0.376 0.358
15 5.267 5.275 5.277 0.313 0.498 0.383
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Numerical analysis and optimization of poly-reference least-squares
complex frequency-domain method

ZHANG Guo-wen', TANG Bao-ping”, CHEN Zhuo®
(1.College of Automation, Hangzhou Dianzi University, Hangzhou 310018, China;
2.State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China;
3.State Key Laboratory of Bridge Structure Dynamics, Chongqing Communication Research &-

Design Institute, Chongqing 400067, China)

Abstract: This paper analyzes the numerical problems in practical application of polyreference least-squares complex frequency-do-
main method, and proposes an optimization algorithm of polyreference least-squares complex frequency-domain method. The order
of a real structure that cannot be estimated accurately is always overestimated to find all physical modes. Theoretical and numerical
analyses show that pseudo-inverse calculation of some singular matrixes is required in the analyses process due to the overestima-
tion of the order of the system and the selection of pseudo-inverse calculation method and parameters has a great influence on the
recognition results. Eigenvalue decomposition is used to calculate the pseudo-inverse matrix of the singular matrix R,, singular val-
ue decomposition is used to calculate the pseudo-inverse matrix of the singular matrix M,,, and the order is automatically deter-
mined by energy index. A clear stabilization diagram can be obtained automatically without losing accuracy. The proposed method
is applied on the parameter estimation of a linear time-invariant system of 7 degrees of freedom and of the Infante D. Henrique
bridge located at the North of Portugal, it is demonstrated that the proposed method can identify physical modes easily without

losing accuracy.

Key words: modal analysis; poly-reference least-squares complex frequency-domain method; eigenvalue decomposition; singular

value decomposition; stabilization diagram
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