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Fault isolation method based on a dual improved particle filter
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Abstract; In view of the problem that it is difficult to realize fault isolation when using the analytical redundancy
relations-based fault diagnosis (ARRBFD) method, this paper presents a dual improved particle filter method for
fault isolation. The method employs the joint estimation model composed of state and parameter estimation particle
filters to jointly estimate the values of system state and potential fault parameter, and it achieves fault isolation by
comparing the estimated value of the potential fault parameter with its nominal value. In the joint estimation model,
on the basis of the traditional random perturbation method, an improved random perturbation method was developed
to realize the parameter time update, which uses the maximum likelihood estimation method to obtain the parameter
time update gradient. Then, a sampling method was proposed to improve the sampling particle quality, which takes
into account the current measured values in the sampling process and introduces the idea of particle swarm
optimization and simulated annealing optimization. Simulation results show that under the two types of parametric
faults assumed in this paper, the joint estimation model based on dual particle filter outperformed the joint
estimation model based on extended state space in terms of robustness, calculation speed, and estimation accuracy.
The proposed method significantly improved the estimation performance in the joint estimation model based on the
dual particle filter. In conclusion, the proposed method meets the requirements of computational efficiency and
estimation accuracy for parametric fault isolation, and it can realize the fault isolation when applying the ARRBFD
method.

Keywords: particle filter;fault isolation;joint estimation method ; particle swarm optimization ; simulated annealing

optimization ; maximum likelihood estimation
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Fig.1 Joint estimation method based on dual particle filter
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Fig.2  Joint estimation method based on dual improved particle filter
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Tab.4  Joint estimation simulation results by DPF and EPF algorithms under parameter mutation fault
R SRkt HARIBAT
SRk — — o
Netra RMSE, Neiro L /s 9 e, /% I TE]/ms
DPF 32.82 1.47 26.49 2.03 0.505 1.0 4.8
EPF 30.24 1.56 24.03 3.63 0.512 2.4 6.2

TE: 6, J e, JRRTHIMAE,

£S5 SPRTRHYET4MHRE[EAMHSHUFRBERAEZHNESEIHTHEER

Tab.5 Joint estimation simulation results by four filters and two parameter time update methods under parameter mutation fault

JT U I e REAT ZHplt BRIZAT

(SH R TR 7 %) N RMSE, Noro t, /s 0 eq /% HF ]/ ms
PF(RD) 25.33 2.69 19.32 4.33 0.513 2.6 2.5
GA-PF(RD) 29.54 2.34 22.59 3.59 0.509 1.8 4.7
BBO-PF(RD) 29.88 2.03 21.64 3.67 0.512 2.4 45
PSOSA-PF(RD) 31.12 1.78 23.59 3.12 0.508 1.6 3.9
PF(MRD) 26.12 2.58 21.64 3.77 0.514 2.8 3.3
GA-PF(MRD) 30.64 1.85 23.77 3.03 0.507 1.4 5.7
BBO-PF(MRD) 31.77 1.64 23.64 2.89 0.513 2.6 5.3
PSOSA-PF(MRD) 32.82 1.47 26.49 2.03 0.505 1.0 4.8

TE: 1, ATRRRA AR TR B s AR, R A 1 i SEPRIB AT IR ]
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Tab.6  Joint estimation simulation results by DPF and EPF algorithms under parameter gradient fault

RAEAGTT Eidins WACIELT
e UL
Not. RMSE, Noo RMSE, i H]/ ms
DPF 31.97 1.55 24.57 4.34 0.005 8
EPF 29.08 1.76 22.84 5.98 0.007 7

R7T SEHTBEYET4FHREB[EAHSHEBDERAZHNESEITHEER

Tab.7  Joint estimation simulation results by four filters and two parameter time update methods under parameter gradient fault

JIF R WA SRk AR FT

(SH R B T N RMSE, Noro RMSE, A 1]/ ms
PF(RD) 24.27 2.69 16.71 7.28 2.8
GA-PF(RD) 27.45 2.12 19.55 5.97 5.9
BBO-PF(RD) 27.62 2.18 19.08 6.12 5.7
PSOSA-PF(RD) 29.84 1.77 21.39 5.29 4.6
PF(MRD) 25.62 2.36 18.24 6.34 3.9
GA-PF(MRD) 28.75 1.94 22.46 4.67 7.2
BBO-PF(MRD) 28.91 1.85 22.09 4.88 6.7
PSOSA-PF(MRD) 31.97 1.55 24.57 4.34 5.8

% 8 PSOSA-PF(RD)HFEARRRMNFHENBFEAHITHELER

Tab.8 Joint estimation simulation results by PSOSA-PF (RD) algorithm with different numbers of particles

- R ST iz@@ﬁ

Nefr RMSE, Noto RMSE, S} ]/ ms
100 29.84 1.77 21.39 5.29 4.6
200 30.47 1.71 22.49 4.89 6.1
300 31.13 1.65 23.56 4.64 7.5
400 31.88 1.57 24.61 4.37 9.2
500 32.37 1.52 25.34 4.12 9.7
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