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1. INTRODUCTION Newspaper headlines often present incidents or accidents caused by industrial activities. In some cases, the events may be prevented by applying a correct maintenance policy. In a more classical context, industrial tools may be more useful if they were maintained efficiently (Vrignat and al, 2008). In this work, we built a model that can be observed before the incident occurs. If the events can be “learned” by the model, then we can make a prediction which can be used to help maintenance manager to schedule maintenance actions (Fig. 1).



by Rabiner (Rabiner, 1989). In this work, we deal with the second and third problem. To solve the second problem, i.e. find the state sequence which has the maximum probability, we use the Viterbi algorithm (Viterbi, 1967; Rabiner, 1989; Rabiner and al, 1986). The last problem, but not the least, consists in “learning” some observation sequences to provide a model estimation of (A, B, π). We use the classical algorithm of Baum-Welch (1966, 1972; Brouard, 1999). 3. STUDY CASE: PART OF A CONTINUOUS FOOD PROCESS To test our method, we use data coming from a part of a continuous food process. All maintenance actions are collected and stored in a database (two years: 2005, 2006). 3.1 Description of model vs system



Fig. 1. Maintenance monitoring



Information provided by the detection has to be collected daily. Fig. 2 shows the estimated states on the system (hidden layer) from visible observations.



In more general cases, we build a model sequence of events which should indicate a failure to come. We assume that a typical failure has a typical temporal or sequential drawing which should be learned by Hidden Markov Models (HMM). Our approach complements Miss Zille’s work (Zille and al, 2007). 2. IMPLEMENTATION OF HIDDEN MARKOV MODELS Classically, there are three problems to solve before using HMM. They consist in computing easily and quickly:



Fig. 2. Hidden layer and visible observations



P (O λ ) . Considering a sequence O={O1,O2, … OT}, and the



model λ = ( A, B, Π ) , it consists in computing the probability of the observation sequence, given the model, Given a sequence O={O1,O2, … OT}, and the model λ = ( A, B, Π ) , how do we chose the corresponding state sequence Q={q1,q2, … qT} which “best” explains the observations ? How do we adjust the parameters (A, B, π) of the model λ to maximize P (O λ ) ? First problem was solved



3.3 Choice of topology We trained the models with two kinds of topologies with four states. The first case (free topology) is not detailed in this work. In the second one, crossing all states is necessary to go from state S4 to state S1 (from “high level of servicing” to “stopped machine”), induced by the left to right topology (Fig. 3).



4. DISCUSSION In this work, we try to perform a maintenance and servicing indicator. But how to use this information to help maintenance manager ? As we can see it in Fig. 6, servicing indicator is at S2 state which means that the (failure) risk is important. What can the manager decide, a preventive action being in the days to come ?



Fig. 3. Left to right topology 3.4 Training the model To train the model, we use one year of recording (2005). Training and testing data are not mixed. We test the model with “unknown” sequences of year 2006 or 2007 (Fig. 4). Fig. 4 shows the adopted procedure.



Fig. 6. Which decision to make ? If we have the same indicators for different parts of the entire process, we could help the manager by comparing values of different indicators. In this example, the manager of the maintenance team has a constant volume of maintenance activity. These indicators should help him organize his maintenance actions. REFERENCES



Fig. 4. The adopted procedure 3.6 Some results In Fig. 5, first, we begin at state S4 (blue). We can suppose that when the system is started, the probability that a failure occurs is low. On the third day, indicator begins to go down which means that the probability of failure is growing. We can note that two Pre-visit events (preventive control) are observed. The model has learnt that the events preceded a failure. But when maintenance actions are provided (Pre) indicator goes up. Finally, the most important event is to predict a S2 state (days before a failure occurs) as it is the case in this example.



Fig. 5. Test on an observation sequence
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