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Adaptive unscented Kalman filter for nonlinear
structural identification

TONG Yunjia', XTE Liyu', XUE Songtao'?, TANG Hesheng'
(1. Department of Disaster Mitigation for Structures, Tongji University, Shanghai 200092, China;
P g <y y g
2. Department of Architecture, Tohoku Institute of Technology, Sendai 982-8577, Japan)

Abstract; With the premise of external excitations to be known, unscented Kalman filter algorithms can be effectively
used for on-line tracking parameter variation and performing states estimation of nonlinear systems. However, in most
case, external forces are unreachable or difficult to measure. In this paper, an adaptive unscented Kalman filter was
proposed to simultaneously identify structural parameters, structural states and forcing input under the condition of
unknown excitation history. The adaptive unscented Kalman filter algorithm can automatically and recursively estimate
the covariance of the observation noise, a case which can effectively avoid the limitation of improperly selected initial
value of the measurement noise in system estimation. The least squares method was introduced to estimate the unknown
external excitation force. To further validate the effectiveness and robust of the proposed approach, numerical
simulation and experimental analysis were performed, including a three-story hysteretic shear-beam building with a
Bouc-Wen model, a nonlinear Duffing-type shear-beam structure analysis, a nonlinear energy sink experimental
analysis. Numerical simulation verification and experimental validation examples illustrate that the developed adaptive
unscented Kalman filter algorithm is capable of tracking the variations of structural parameters, states, as well as
unknown excitation forces.
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Fig.3 Identified results for structural velocity of first

floor of Bouc-Wen hysteretic structure
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Fig.4 Identified results for structural parameters of

first floor of Bouc-Wen hysteretic structure
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Fig.5 Comparison of exact and identified first floor

hysteretic forces of Bouc-Wen hysteretic structure
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Fig.6 Comparison of exact and identified results for

unknown external forces of Bouc-Wen hysteretic structure
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Fig.7 Comparison of exact and identified model parameters

of first floor of Bouc-Wen hysteretic structure
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Fig. 10  Identified results for structural velocity of
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Fig. 12 Comparison of exact and identified results for
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shear-beam building
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for unknown external forces
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