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METHOD FOR ORDERING VEHICLES OF A FLEET OF VEHICLES
ACCORDING TO A MAINTENANCE REQUIREMENT; ASSOCIATED
COMPUTER PROGRAM AND COMPUTER SYSTEM

Description

The field of the present invention is that of the maintenance of a fleet of vehicles,

in particular of rail vehicles, such as trains, subway trains, streetcars, etc.

Systems for monitoring potential faults in rail vehicles, based on the generation of
events during the operation of this vehicle, are known. More precisely, the
monitored vehicle is equipped with a plurality of sensors capable of acquiring data
which, once processed, allow characteristic events to be generated. An event is a
new entry in a monitoring database. It is defined by a plurality of attributes, such as
a vehicle identifier, an event identifier, an event occurrence time, the type of event,

and various values characterizing it (which may depend on the type of event).

Currently, the events generated for a vehicle are analyzed by maintenance
operators to diagnose the state of the vehicle and determine whether a
maintenance operation needs to be carried out on this vehicle, and the nature of
this maintenance operation: mere inspection or replacement of a particular

component that is failing (or about to fail) on the rail vehicle in question.

However, such monitoring systems generate thousands of events every day for

every vehicle in a fleet.

Such a load of information is difficult for a single operator to analyze. Such
analysis remains complex, especially when it comes to establishing significant
correlations between events. It therefore requires a significant investment in terms

of working time and cost.

Additionally, it is virtually impossible for an operator to compare the vehicles in a
fleet with one another to determine which of these vehicle is in urgent need of
maintenance, in order to prioritize the maintenance operations required on that
vehicle over another. At the moment, the decision to inspect one vehicle over
another is essentially an empirical decision taken by the maintenance operator.
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It would therefore be advantageous to be able to quickly and easily identify the
one or more vehicles in a fleet that need priority maintenance, even if only to
optimize maintenance tasks and limit the time for which an item of equipment

cannot be used.

Document US 2019/197798 A1 presents a computer-implemented method for
ordering the vehicles of a fleet of vehicles according to a need for maintenance,
the method including the steps of, for each vehicle in the fleet, determining a time
series, the time series including, for each time step, an instantaneous value of at
least one quantity of interest obtained from monitoring events acquired by means
of a system for monitoring vehicles of the fleet of vehicles; and, analyzing, over a
predetermined time interval, the time series, taking into account the time series
determined for all of the vehicles of the fleet of vehicles, considering that at each
time step, the state of a vehicle is either a “normal” state or an “abnormal” state
requiring maintenance, so as to obtain an optimal sequence of states over the

predetermined time interval.
The object of the present invention is, in particular, to address this need.

To this end, the invention provides an alternative method, a computer program
product and a computer system according to the accompanying claims.

The invention and its advantages will be better understood on reading the
following detailed description of a particular embodiment, given solely by way of
non-imitating example, this description being made with reference to the appended

drawings in which:

[Fig. 1] figure 1 schematically shows a computer system for implementing

the method according to the invention, and

[Fig. 2] figure 2 schematically shows, in the form of a block diagram, one
preferred embodiment of the ordering method according to the invention.

The method according to the invention allows trains in a fleet of trains to be

automatically ordered according to a need for maintenance.
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A fleet of trains is made up of a plurality of similar or even identical trains, which
are run on a network in an essentially interchangeable way. Put another way,
ordering the trains in a fleet in relation to one another according to a need for
maintenance makes sense because these various trains are alike in terms of
structure (and therefore in terms of wear and tear and potential faults) and in terms

of use (and therefore in terms of operating conditions).

The method according to the invention is based on burst detection by analyzing a
time series of a quantity of interest, derived from the events generated by a
monitoring system of the prior art.

In the context of the time series analysis of a quantity, burst detection is a technique
that makes it possible to identify those values of this quantity which show a

substantial increase over a limited period of time relative to a baseline level.

Numerous burst detection algorithms are known, particularly in signal processing
applications. Generally speaking, a burst detection algorithm identifies periods of
time (or bursts) during which a target value is unusually frequent.

Burst detection algorithms can be adapted for discrete data streams, as in the
case of the events generated by a train fleet monitoring system. In the following,
the embodiment presented in detail implements a burst detection algorithm based

on a logarithmic maximum likelihood.

According to the invention, burst detection for a particular train is carried out by
determining the baseline level from the events generated by the monitoring system
for all of the trains in the fleet.

Fig. 1 shows a computer system 10 for implementing the method according to the

invention.

It includes a monitoring database 12 that collects the events generated by a
system 20 for monitoring the trains in a fleet.

The computer system 10 comprises a computer 14 including computing means,

such as a processor, and storage means, such as a memory. The memory stores
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computer program instructions, in particular a program 30, the execution of which
allows the method according to the invention to be implemented.

The program 30 can be broken down into modules, in particular a module 32 for
determining a time series of a quantity of interest, a module 34 for time series
analysis, a module 36 for burst detection, and a module 38 for ordering the trains
in the fleet.

Advantageously, the computer system 10 includes a human-machine interface 16,
for example a tablet, for displaying the results of the implementation of the method

according to the invention to a maintenance operator.

With reference to Fig. 2, one preferred embodiment of a method for ordering the

trains in a fleet of trains according to a need for maintenance is shown.
The method 100 is implemented independently of a prior step 90 of acquiring events.

The method 100 as such includes a step 110 of determining a time series of a
quantity of interest or characteristic (this step corresponding to the execution of the
module 32), a step 120 of analyzing a time series (this step corresponding to the
execution of the module 34), a step 130 of burst detection (this step corresponding
to the execution of the module 36) and a step 140 of ordering the trains in the fleet

(this step corresponding to the execution of the module 38).

Acquisition step 90

This step, prior to implementation of the method according to the invention, is
carried out in accordance with the prior art.

It is carried out by the monitoring system 20.

It consists in acquiring monitoring data for each train in the fleet and in creating

events based on the acquired data.
The data are delivered by sensors on each train.

The events are associated with a particular train. They are dated. For example, the
time step selected for dating the events is a day.
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The events are recorded in the monitoring database 12.

It should be noted that a high number of occurrences of an event may be due to
an actual fault in the item of equipment being monitored (the monitoring system
may then continue to flag this fault until it is repaired). However, a high number of
occurrences may also be due to an error in the design of the monitoring system
itself, in particular the fault modeling that this system uses to generate monitoring
events (and so the monitoring system flags the event multiple times).

Step 110 for determining a time series of a quantity of interest

The purpose of step 110 is to construct, for each train, a time series of a quantity
of interest from the events contained in the monitoring database 12.

The quantity of interest is any time variable derived from all or some of the
monitoring events that are associated with a train and which make it possible, by
aggregating these monitoring events, to quantify the need for maintenance at each
time step.

For example, a time window corresponding, for example, to one week of train

operation is first defined.

The quantity of interest is then, for example, the total number of monitoring events
generated for the train in question within the time window. The quantity of interest
calculated in this way is dated, for example, with the last day of the time window used.

It is then simply a matter of repeating this operation by dragging the time window
for the chosen time step (a day in this instance) to calculate a quantity of interest
for each day a train is in operation.

The time series for a train then consists of the sequence of values of the quantity
of interest for that train.

Such a time series is obtained for each of the trains in the fleet.

Alternatively, instead of the cumulative number of events, the quantity of interest
could correspond to the cumulative number of events of a particular type (i.e.

those associated with a specific fault or a specific train component). In another
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variant, instead of analyzing only a time series of one quantity of interest, the
choice could be made to calculate different quantities of interest and track each of

these quantities over time.

Step 120 of analyzing a time series

For each train in the fleet, this step consists in analyzing the time series of the
quantity of interest obtained in step 110 by applying a burst detection algorithm,
and then quantifying the need for maintenance on the train in question according

to the bursts detected.

This step takes into account not only the time series associated with the train in
question, but also the time series associated with the other trains in the fleet.

The burst detection algorithm more particularly used in the present embodiment is
based on the model that, at each time step, a train can only be in two possible
states: a nominal operating state (“normal state” hereinafter) and an operating

state requiring maintenance (“abnormal state” hereinafter).

More precisely, assuming that the events follow a binomial distribution when the
train is in the normal state and a binomial distribution (identical for the sake of
simplicity of the present description) when the train is in the abnormal state, the
burst detection algorithm aims to determine the sequence of states that best
corresponds to the observations formed by the values of the time series of the

quantity of interest over the time interval in question.

For example, a time interval of one week, subdivided into time steps of one day,
is considered. Each time step of the interval is indexed with the integer t between
1 and T, where is the maximum number of time steps in the interval of interest

(here T equals 7).

A fleet of N trains is considered. Each train is indexed with an integer j between 1
and N

The daily value of the characteristic quantity for train j on day t is denoted by: gj(t)
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The daily value of the total characteristic quantity for all of the trains in the fleet on

day t is given by: gr(t) = XL, g; (D

The integrated value of the characteristic quantity for train j over the time interval is

given by: G, = X, g; ()

The integrated value of the total characteristic quantity for all of the trains in the

fleet over the time interval is given by: Gz = YL, g (©)

The probability of the baseline level for train j, or reference probability, is defined

by: pj*" = Gj/Gr

This reference probability is associated with the normal state for train j. It
corresponds to the events that affect train j relative to all of the events that affect

the trains in the fleet, over the time interval in question.

The associated burst probability for train j is then defined by: p"™" = a.pj*’, where

a is a proportionality constant.
This burst probability is associated with the abnormal state for train j.

The next step is to calculate a sequence of states s(t) over the time interval in

guestion that is compatible with the characteristic values gj(t) and gr(t) for train j.

To do this, a statistical criterion is chosen. For example, in the present
embodiment, the chosen statistical criterion is based on a cost function associating
a logarithmic likelihood function, advantageously combined with a transition

function.

The instantaneous likelihood function associated with the state s(t) at time t (also

denoted by s) for train j is the binomial likelihood function £ ;(t):

t j(t F(D—gj(t
6400 = (G o1

For numerical reasons, it is sought to minimize the logarithm of L ;(t) over the time

interval in question. To evaluate the likelihood of the normal state (s = “normal’), the
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probability p; is taken to be equal to pjref. The likelihood of the abnormal state (s =

“abnormal’) is evaluated by taking pj to be equal to pjb‘”St.

The transition function H;'j (t) from the state s at time t to the state s'at the next

time t+1 associates a cost with a change of state.

Preferably, since, by definition, the normal state is the expected state of the train
and the abnormal state is an “exceptional” state, the transition function is non-zero
only if there is a change of state and the transition is from the normal state to the

abnormal state.

It is conceivable for the transition function to be proportional to T, to make it
comparable with the likelihood term in the optimization process as T increases (i.e.

as the time interval increases).

Thus, the instantaneous criterion to be minimized is:
£i(®) = —tn (£5;(0)) + HE(D)

Over the time interval, the criterion to be minimized becomes:

F=Y

The optimal sequence of the states s(t) of train |, i.e. the sequence of the states
(“normal” or “abnormal’) of train j that best explains the observation according to
the binomial model, is therefore the one that minimizes the cost function for all of

time steps in the time interval in question.

The optimal sequence is determined, for example, by optimization using a

“greedy” algorithm as known to a person skilled in the art.

Burst detection step 130

Finally, the optimal sequence of states is analyzed to isolate any bursts therein. A

burst is characterized by a minimum number of consecutive time steps in the
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abnormal state. This threshold number is predefined. It can be set to one, in which
case a burst is detected as soon as the train is in the abnormal state.

In addition to its duration, a burst can be characterized by intensity. The intensity
of a burst is, for example, given by the sum of the values of the cost function fj(t)
over the one or more time steps associated with the burst.

Ordering step 140

Once the preceding steps have been completed for each train, the way in which

the trains in the fleet are ordered depends on the quantity of interest.

If, as in the preceding example, the cumulative number of daily events is
considered, then the trains can be ranked in descending order of the duration of
the bursts detected for each train over the time interval in question. If two bursts
have the same duration, then the trains are ranked by decreasing intensity of
these bursts.

If, on the other hand, the number of daily events of a particular type is considered,
then the bursts are ranked by intensity (bearing in mind that intensity takes into

account the duration of the burst in a way).

Once the trains in the fleet have been ordered by priority, only the identifiers of the
first X trains (e.g. X=3) are displayed on the interface 16.

Advantageously, by selecting the identifier of a train, the operator accesses the Y

most recurrent events (for example, Y=5) affecting this train

Advantages

This method helps maintenance operators select the top-priority train for
maintenance quickly and efficiently.

What is relevant for ranking trains with respect to one another is not the number of
occurrences of events as such, but rather a significant change in the proportion of
events generated by a train relative to the rest of the fleet, over a certain period of
time and possibly for a certain type of event.
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If an unusual and abrupt increase occurs for a particular train (in the total number
of events, or only for a single type of event), then it can be considered that, for
whatever reason, the behavior of this train has changed. It is important to flag this
automatically, as it may be symptomatic of something abnormal that needs to be

rectified as soon as possible.
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1. Computerimplementeret fremgangsmade (100) til rangordning af
koretajerne i en flade af karetgjer ifglge et behov for vedligeholdelse, hvilken

fremgangsmade, for hvert karetgj i fladen, indbefatter falgende trin:

- bestemmelse (110) af en tidsraekke, hvor tidsraekken, for hvert tidstrin,
indbefatter en momentan vaerdi for mindst én starrelse af interesse, opnaet ud fra
monitoreringsbegivenheder, der opnas ved hjzelp af et system til monitorering af

keretajer i fladen af karetajer; og

- analysering (120), i et forudbestemt tidsinterval, af tidsraekken, hvor der
tages hgjde for den tidsreekke, som er bestemt for alle karetgjerne i fladen af
karetgjer, hvor det antages, at et koretgjs tilstand, pa hvert tidstrin, er enten en
"normal” tilstand eller en "unormal” tilstand, der kraever vedligeholdelse, med
henblik pa at opna en optimal sekvens af tilstande i det forudbestemte tidsinterval,

hvor fremgangsmaden er kendetegnet ved, at den omfatter falgende

yderligere trin:

- detektering (130), for hvert karetgj i fladen, af den eventuelle
tilstedeveerelse af én eller en flerhed af "bursts" i den optimale sekvens af

tilstande; derefter

- rangordning (140) af en liste over karetojer i fladen af karetojer ifalge

egenskaberne for de "bursts”, der detekteres for hvert karetgj.

2. Fremgangsmade ifalge krav 1, hvor starrelsen af interesse er det totale
antal begivenheder eller det totale antal begivenheder af en bestemt type, der

angar det pagaeldende karetaj, opnaet i lgbet af et referencetidsvindue.

3. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor
analysering af tidsreekken indbefatter en optimering af en omkostningsfunktion,
der forbinder en sandsynlighedsfunktion og preeferentielt en overgangsfunktion,
med henblik pa at bestemme en momentan sandsynlighed for hvert tidstrin.
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4. Fremgangsmade ifalge krav 3, hvor den momentane sandsynlighed for et
tidstrin sammenlignes med en referencesandsynlighed, der beregnes ud fra
starrelserne af interesse for alle kgretgjer i fladen af karetajer, med henblik pa at
bestemme den optimale tilstand af det pagaeldende karetgj pa det pageeldende
tidstrin.

5. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor
detektering af tilstedeveerelsen af "bursts" i den optimale sekvens af tilstande
bestar af bestemmelse af et antal konsekutive tidstrin, hvor karetejet befinder sig i
den "unormale" tilstand i den optimale sekvens af tilstande, og antagelse, nar
antallet af tidstrin er starre end en forudbestemt teerskelveerdi, af, at det drejer sig

om en "burst".

6. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor en
"burst” er kendetegnet ved en varighed og/eller en intensitet, og rangordning af
listen over karetajer i fladen af karetgjer ifalge egenskaberne for de detekterede
"bursts” for hvert karetgj udfgres afheengigt af varigheden og/eller intensiteten af

de pageeldende bursts.

7. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor
koretajet er et jernbanekaretgj, sasom et tog, et undergrundstog eller en

sporvogn.

8. Computerprogram, der indbefatter softwareinstruktioner, som ved afvikling
med en computer implementerer en fremgangsmade ifglge et hvilket som helst af
de foregaende krav.

9. Computersystem (10), kendetegnet ved, at det er egnet til implementering
af en fremgangsmade (100) ifalge et hvilket som helst af kravene 1 il 6, hvor
computersystemet er egnet til at give adgang til indholdet i en
monitoreringsdatabase (23) med henblik pa leesning af monitoreringsbegivenheder,
der er opnaet ved hjeelp af et monitoreringssystem (20).

10.  System ifglge krav 9, der indbefatter:

- et modul (32) til bestemmelse af en tidsraekke for en storrelse af interesse;
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- et modul (34) til analysering af tidsraekken for en storrelse af interesse med
henblik pa at bestemme en optimal sekvens af tilstande;

- et modul (36) til detektering af "bursts" i den optimale sekvens af tilstande; og

- et modul (38) til skemalaegning af karetgjerne i en flade af karetajer ifglge
5 egenskaberne for de detekterede "bursts".
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Acquiring monitoring events for each of the trains in the fleet J

l
4

Determining a time series of a characteristic quantity for each 7\ 110 O
of the trains in the fleet

Y

Analyzing the time series to obtain an optimal sequence of states | {_ 120
for each of the trains in the fleet

l 100

Detecting whether one or more bursts are present in the optimal _L 130
sequence of states for each of the trains in the fleet

l

Ordering the list of the trains in the fleet according to the —1 140
properties of the bursts detected ~

FIG.2
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