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Abstract: The existing online prediction methods for remaining life typically updated the drift param-
eters of stochastic degradation models based on Bayesian theory, while did not update the diffusion param-
eters. So a new method was proposed to simultaneously update both drift parameters and diffusion param-
eters. A stochastic degradation model was established considering multiple degradation modes, and the
probability density functions of lifetime and remaining life were derived based on the first-passage-time prin-
ciple. The initial parameters of the model were estimated offline by maximum likelihood method. Subse-
quently, the drift parameters and diffusion parameters were updated online by integrating Bayesian theory
and expectation maximization algorithm. The effectiveness of the proposed method was validated by capaci-
tor degradation data, gyroscope drift data, and aluminum alloy components crack growth data.
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Tab.2 Prediction errors for capacitor remaining life

from model M,

05 ik Ense/ H Eguse/ H Ena/H
kT 379.5832 24.6906 4.6608
Tkl 79.0720 0.9876 0.7294
ikl 38.6987 0.4655 0.5657
Tkl 0.8733 0.2751 0.4847
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Tab.3 Prediction errors for capacitor remaining life

from model M,

UIRIS Ese/ A Ese/ H Eyn:/ A
Tk 484.0462 42.5474 5.4540
ikl 263.7029 3.0340 1.2960
Jrikl 156.0063 1.8165 1.2115
JrikN 144.7175 1.5137 0.9737
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Tab.4 Prediction errors for gyroscope remaining life

from model M,

WIREA Eqyep/h? Eguse/h Eyas/h
T 1 2.9603> 10" 329.3539 12.9184
ikl 2.9055% 10 306.3711 12.1036
Jk Il 2.0938 X 10 283.1639 11.2551
HikN 1.5650< 10° 162.3579 10.8203
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Tab.5 Prediction errors for gyroscope remaining life

from model M,

Jrik ETMSE/h2 ERMSE/h EMAE/h
Tkl 1.6222x10° 167.0967 10.2399
ikl 1.6061 % 10° 163.4507 10.1967
el 1.5426 % 10° 158.1633 10.0415
Jik IV 1.3300 10° 142.1238 9.9852
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Tab.6 Prediction errors for gyroscope remaining life

from model M,

VRS Epyse/ N’ Equse/h Eyae/h
FikT 286.5832 37.4123 6.0974
5kl 282.4722 37.3894 6.0955
ikl 146.5512 17.0075 4.0955
Jk NV 83.4353 11.4387 1.0973

7

W7 R LKA JEX/mm
_ = (8] w ~ w N

24

2.1

5 1.8

W B30 1/10°Cycle
E21 SBESUHESTRIEKEE

Fig.21 Fatigue crack growth data for aluminum

alloy components
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Tab.7 Prediction errors for aluminum alloy

components remaining life from model M,

ik E s/ Cycle’ Eruse/ Cycle Eyiag/Cycle
ik 2.8915 0.0186 0.1040
ik 1.9668 0.0072 0.0843
JriEl 1.0147 7.8324%x10* 0.0280
Jik IV 0.5192 3.7198x 10 0.0157
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Tab.8 Prediction errors for aluminum alloy

components remaining life from model M,

ik Eqpyse/Cyele’ Eruse/ Cycle Eyiag/Cycle
kL 0.4010 0.0015 0.0264
ikl 0.1926 3.7219x10™ 0.0157
el 0.1075 1.5755%x10™ 0.0115
Jik IV 0.0595 6.4055X 107 0.0080
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Fig. 29 Remaining life prediction curves of aluminum
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