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Operational Modal Identification Method Based on Frequency-domain
Maximum Likelihood Estimates of ARMA Models

Song Shenglin'  Zhang Erliang'
(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China
2. Industrial Science and Technology Institute for Anti-fatigue Manufacturing, Zhengzhou 450016, China)

Abstract; Aiming to enhance the identification accuracy and stability of structural operational modal
parameters under actual working conditions, a frequency-domain maximum likelihood identification
method for multivariate ARMA models was established, which enabled the optimal and high-precision
estimation of ARMA model key parameters. Based on the accurately estimated model, operational modal
parameter identification was further completed by analyzing and applying the AR component of the
multivariate ARMA model. In practical modal identification tests, measurement noise from sensors and
data acquisition processes inevitably interfered with identification results and reduced the reliability of
modal parameters. Considering the adverse impact of measurement noise on operational modal
identification, it constructed uncertainty bounds for the parameter estimates of multivariate ARMA models
through eigenvalue decomposition and parameter sensitivity analysis, which effectively realized the
propagation and quantitative evaluation of uncertainty in the entire modal parameter identification process.
Numerical example results verified that the proposed method can accurately extract structural modal
parameters and provide reliable estimation confidence intervals for identification results. Moreover,
compared with the traditional operational modal analysis methods, including multivariate AR models and
the instrumental variable method, the proposed approach delivered remarkably higher identification
accuracy and better anti-noise performance.

Key words; multivariate ARMA model; operational modal analysis; maximum likelihood method;
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Tab.1 Estimation results of natural frequency

estimation Hz
BSH HRE ¥(E PrfEZE  BUARERZE
1 30.046 3 30. 136 3 0.3294 0.3467
2 91.206 4 91.2533 0.4250 0.4124
3 155.076 3 155.081 8 0.5105 0.5175
4 221.094 7 221. 1547 0.5113 0.5275
5 282.686 5 282.6450 0.589 6 0.584 8
6 323.1309 323.1833 0.5639 0.5475

®2 HESHERHMITER

Tab.2 Estimation results of modal damping factor

BSHR MisfE ifH PRfEE BUARIER
1 0.0225  0.0226 0.003 9 0.004 1
2 0.0230  0.0228 0.005 1 0.005 5
3 0.0249  0.0247 0.005 3 0.0059
4 0.0305  0.0306 0. 006 2 0. 006 4
5 0.0465  0.0473 0. 006 5 0.006 6
6 0.1334  0.1330 0.007 2 0. 006 8
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