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Simultaneous identification of structural parameter and
external force with particle filter
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Abstract: To accomplish identification of parameters and force under unknown external force, the velocity,
displacement, structural parameters and external force are simultaneously augmented into to the state
vector for model formulation, and particle filter with good performance in nonlinear system is then used to
identify both the parameters and force. There will be drift of the identified force during force identification
due to the lack of velocity and displacement measurement. This paper uses trapezoidal integration and zero-
phase high-pass filtering to calculate the velocity and displacement with acceleration. The calculated values
are used to adjust the velocity and displacement obtained by particle filter at a specific interval to eliminate
the drift. It is demonstrated in simulation that this method can provide relatively accurate estimation results
and ameliorate the drift phenomenon during force identification.
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Fig. 2 The acceleration and external force
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Fig. 3 Estimation for parameters and force
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Table 1 Estimation result of parameters and force

P 2 RE/% MSE
WIRES
S So Ss3 S S2 S3 F3
F RS 500.9 456.2 481.3 0.18 —8.76 —3.74 237.60

ViR 493.2 487.3 511.9 —1.36 —2.54 2.38 0.94
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Table 2 Estimation results of ten runs

SSERE S RE/ % MSE
AL
51 55 53 51 52 S3 F,

1 493.2 487.3 511.9 —1.36 —2.54 2.38 0.94
2 472.8 557.8 476.8 —5.44 11.56 —4.64 0.96
3 447.9 456.7 511.1 —10.42 —8.66 2.22 1.25
4 469.4 501.3 452.3 —6.12 0.26 —9.54 1.20
5 450.0 427.0 542.3 —10.00 —14.60 8.46 1.88
6 450.6 532.4 478.1 —9.88 6.48 —4.38 1.09
7 443.9 475.8 489.8 —11.22 —4.84 —2.04 1.23
8 491.2 483.2 511.0 —1.76 —3.36 2.20 0.96
9 527.3 523.6 471.6 5.46 4.72 —5.68 0.79
10 516.0 546.9 438.5 3.20 9.38 —12.30 1.00
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Fig. 4 Estimation under different time intervals At
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