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We investigate a maintenance policy for components that exhibit discrete degradation patterns, where degradation
progresses through a sequence of random shocks, each causing a random increase in the degradation level. The
cumulative effect of these shocks determines the component’s health state, which is continuously monitored through
condition data collected during operation. The presence of component heterogeneity and dynamic operating conditions
complicates the effective use of monitoring data. Components produced through the same manufacturing

process could display varying performance due to differences in raw materials and fluctuations in production. Moreover,
time-varying environmental and operational factors—such as temperature, humidity, production rate, and operating
speed—further influence the degradation process, making it difficult to model accurately. To address these challenges, we
employ Bayesian regression models to characterise the degradation process, thereby capturing the effects

of component heterogeneity and dynamically changing operating conditions. The regression parameters are continuously
updated as new observations become available through online monitoring. The optimal maintenance policy

is then formulated as a Markov decision process, where decisions are triggered upon parameter updates and gradually
converge towards the underlying true values. This study not only establishes an analytically tractable degradation model
that explicitly accounts for heterogeneity and dynamic environments but also investigates the structural properties of

the optimal preventive maintenance thresholds. To alleviate the computational burden associated with dynamic working
conditions, we propose a heuristic algorithm that reduces the state-space complexity by focusing on the most probable
distributions. The effectiveness of the proposed approach is validated through numerical experiments.
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