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Abstract

Predicting the degradation of working conditions of machinery and trending of fault propagation before they reach the

alarm or failure threshold is extremely important in industry to fully utilize the machine production capacity. This paper

proposes a method to predict the future conditions of machines based on one-step-ahead prediction of time-series

forecasting techniques and regression trees. In this study, the embedding dimension is firstly estimated in order to

determine the necessarily available observations for predicting the next value in the future. This value is subsequently

utilized for the predictor which is generated by using regression tree technique. Real trending data of low methane

compressor acquired from condition monitoring routine are employed for evaluating the proposed method. The results

indicate that the proposed method offers a potential for machine condition prognosis.

r 2007 Elsevier Ltd. All rights reserved.

Keywords: Embedding dimension; Regression trees; Prognosis; Time-series forecasting

1. Introduction

Unexpected catastrophic failures of machine that lead to a costly maintenance or even human casualties can
be avoided with the proviso that the machine is appropriately maintained. Traditional maintenance strategies
commonly used in industry consist of corrective maintenance and preventive maintenance. The former means
‘‘fix it when it breaks,’’ i.e., maintenance is carried out after a breakdown or when an obvious fault has
occurred, whilst the latter is carried out in order to prevent equipment breakdown by performing repair,
service, or replacing components at a fixed schedule. Even though preventive maintenance plans increase the
reliability of machine, they are costly due to the frequent replacements of the expensive components before the
end of their lives and the reduction of the availability of the machine’s productive capability. Therefore,
the strategies of traditional maintenance are not adequate to fulfill the needs of expensive and high availability
of industrial systems.
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Condition-based maintenance (CBM) which involves prognostic module is an alternative maintenance
strategy that allows the machine to operate continuously until symptoms of a failure are detected. Prognosis is
the ability to access the current state, forecast the future state, and predict the time-to-failure or the remaining
useful life (RUL) of a failing components or subsystems. The RUL is the time left for the normal operation of
machine before the breakdown occurs or machine condition reaches the critical failure value. Prognosis is also
used to produce warning when the machine condition reaches the predetermined setup alarm or critical failure
threshold. Furthermore, it can be used for running repairs periodically in manufacturing facilities and fault-
tolerant control [1]. Due to the benefits mentioned above, prognosis has been extensively researched with focus
on CBM in the recent time.

Nevertheless, prognosis is a relatively new area and becomes a significant part of CBM of systems [2].
Currently, numerous approaches to prognosis that range in reliability from simple historical failure rate
models to physics-based models have been developed. According to Ref. [3], the hierarchy of potential
prognostic approaches related to their applicability and relative accuracy as well as their complexity is
performed in Fig. 1. Out of the experience-based prognostic technique that requires the component failure
history data, the remaining techniques use the models for the purposes of predicting the future conditions of
the monitored system.

Model-based prognosis techniques require an accurate mathematical model of the failure modes to be used
to predict the RUL of critical components. Some of the published researches in prognosis include predicting
RUL of high power clutch systems, estimating the time-to-failure of mobile robot and forecasting the
remaining utility of bearings [4–6]. However, those techniques are merely applied for some specific
components and each of them needs a different mathematical model. Furthermore, a suitable model is also
difficult to establish to mimic the real life.

The data-driven approaches are directly derived from the routinely monitored system operating data and
associated with either statistical or learning techniques based on the theory of pattern recognition. Artificial
intelligent techniques which belong to learning techniques are regularly considered by researchers due to their
flexibility in generating appropriate models. The salient researches based on data-driven approaches have been
proposed, such as Vachtsevanos and Wang [7] who used dynamic wavelet neural network to predict the failure
growth based on the vibration signals to estimate the RUL of bearings. Huang et al. [8] predicted the RUL of
ball bearing by self-organizing map and back propagation neural networks methods using vibration signals.
Wang et al. [9] utilized and compared the results of two predictors, which were recurrent neural networks and
adaptive neuro-fuzzy inference systems, to forecast the damage propagation trend of rotating machinery.
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Fig. 1. Hierarchy of prognostic approaches.
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