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Hidden Markov model with auto-correlated observations for

remaining useful life prediction and optimal maintenance policy
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6. Conclusion

In this paper, we propose an approach based on the HMM-AO model
to reflect the degradation process. The autocorrelation property of the
observations is characterized by coefficient matrices. A novel algorithm
based on the Expectation maximum method is developed to estimate
the unknown parameters. Missing data and noise that accumulate over
time are taken into account by modifying the proposed model. Then two
RUL prediction methods based on the HMM-AO models are presented.
The effectiveness of the proposed methods is demonstrated by a real
case study with a LED degradation dataset. Furthermore, these data are

then used to illustrate the advantages of the HMM-AO model by com-
paring with the standard HMM. To illustrate the application of the RUL
in the framework of the maintenance, a RUL-based maintenance policy
is developed with observations at equidistant time epochs. Using the
fatigue-crack-growth data, the proposed policy is also compared with a
conventional condition-based policy.

Further extension of the HMM-AO model to fault diagnosis of pro-
duction systems is a suitable topic for future research. Another interest-
ing topic could be the development of the degradation models and the
maintenance policies based on the proposed model. Moreover, HMMs
state that the current state is dependent only on the previous state, this
represents the distributions of the state durations are constant or geo-
metric. Modeling the time duration of the hidden states is necessary in
the furfure and therefore the corresponding model is more capable of
real degradation processes.
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