
Latent degradation indicators estimation and prediction: A Monte
Carlo approach

Yifan Zhou a,b,n, Yong Sun a,b, Joseph Mathew a,b, Rodney Wolff c, Lin Ma a,b

a CRC of Integrated Engineering Asset Management (CIEAM), Brisbane, Australia
b School of Engineering Systems, Queensland University of Technology, Brisbane, Australia
c School of Mathematical Sciences, Queensland University of Technology, Brisbane, Australia

a r t i c l e i n f o

Article history:

Received 25 April 2009

Received in revised form

2 May 2010

Accepted 27 August 2010

Keywords:

Degradation model

EM algorithm

Particle filter

Particle smoother

State space model

a b s t r a c t

Asset health inspections can produce two types of indicators: (1) direct indicators

(e.g. the thickness of a brake pad, and the crack depth on a gear) which directly relate to

a failure mechanism; and (2) indirect indicators (e.g. the indicators extracted from

vibration signals and oil analysis data) which can only partially reveal a failure

mechanism. While direct indicators enable more precise references to asset health

condition, they are often more difficult to obtain than indirect indicators. The state

space model provides an efficient approach to estimating direct indicators by using

indirect indicators. However, existing state space models to estimate direct indicators

largely depend on assumptions such as, discrete time, discrete state, linearity, and

Gaussianity. The discrete time assumption requires fixed inspection intervals. The

discrete state assumption entails discretising continuous degradation indicators, which

often introduces additional errors. The linear and Gaussian assumptions are not

consistent with nonlinear and irreversible degradation processes in most engineering

assets. This paper proposes a state space model without these assumptions. Monte

Carlo-based algorithms are developed to estimate the model parameters and the

remaining useful life. These algorithms are evaluated for performance using numerical

simulations through MATLAB. The result shows that both the parameters and the

remaining useful life are estimated accurately. Finally, the new state space model is

used to process vibration and crack depth data from an accelerated test of a gearbox.

During this application, the new state space model shows a better fitness result than the

state space model with linear and Gaussian assumption.

& 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Estimating and predicting degradation processes of engineering assets are crucial for reducing the cost and enhancing
the productivity of enterprises. Assisted by modern condition monitoring (CM) technologies, most asset degradation
processes can be revealed by various degradation indicators extracted from CM data. These degradation indicators have
different relationships with failure mechanisms. Wang classified the information from degradation processes as ‘‘direct
information’’ and ‘‘indirect information’’ [1]. Motivated by the research of Wang, this paper divides degradation indicators
into two categories: (1) direct indicators (e.g. the thickness of a brake pad and the crack depth on a gear) which directly
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