
HAL Id: hal-04044216
https://hal.science/hal-04044216

Submitted on 24 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Parameter estimation for a degradation-based imperfect
maintenance model with different information levels
Margaux Leroy, Christophe Bérenguer, Laurent Doyen, Olivier Gaudoin

To cite this version:
Margaux Leroy, Christophe Bérenguer, Laurent Doyen, Olivier Gaudoin. Parameter estimation for
a degradation-based imperfect maintenance model with different information levels. ESREL 2022 -
32nd European Safety and Reliability Conference (ESREL 2022), TU Dublin; ESRA; Trinity College
Dublin, Aug 2022, Dublin, Ireland. pp.23-24. �hal-04044216�

https://hal.science/hal-04044216
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


September 15, 2022 22:46 Research Publishing : ESREL 2022 : 203

Book of Extended Abstracts for the 32nd European Safety and Reliability Conference
Edited byMaria Chiara Leva, Edoardo Patelli, Luca Podofillini, and Simon Wilson
©2022 ESREL2022 Organizers. Published by Research Publishing, Singapore.

Parameter estimation for a degradation-based imperfect maintenance model with dif-
ferent information levels

Margaux Leroy
Univ. Grenoble Alpes, CNRS, Grenoble INP, GIPSA-lab, LJK, 38000 Grenoble, France
E-mail: margaux.leroy@univ-grenoble-alpes.fr

Christophe Bérenguer
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In this article, technological or industrial equip-
ment that are subject to degradation are con-
sidered (e.g. a heat exchanger in power plants).
These units undergo maintenance actions which
reduce their degradation level. In this work, a
degradation model is considered with imperfect
maintenance effect. The underlying degradation
process is a Wiener process with drift (see e.g.
Kahle (2019)). The maintenance effects are de-
scribed with an Arithmetic Reduction of Degra-
dation (ARD1) model. This model is inspired by
the ARD1 model studied in Mercier and Castro
(2019) with a Gamma process. The system is
regularly inspected and the degradation levels are
measured.
Let {X(t)}t≥0 be the underlying degrada-

tion process without maintenance actions so that
X(t) = μ t + σB(t) where B(t) is a stan-
dard Brownian motion. {Y (t)}t≥0 is the degra-
dation process of the maintained system. ∀ j ∈
{1, ..., k}, τj is the jth maintenance time and Zj

is the jump in the degradation level due to mainte-
nance, observed at time τj . The ARD1 model as-
sumes that the effect of a maintenance is to reduce
the degradation level of a quantity proportional to

the amount of degradation accumulated since the
last maintenance. Therefore, for t ∈ [τj , τj+1[,
Y (t) is defined as

Y (t) = X(t)− ρX(τj) (1)

Thus, the observed jumps are
Zj = −ρ (X(τj)−X(τj−1)) (2)

where ρ is the maintenance efficiency parameter.
In the studies of degradation models with im-

perfect maintenance, degradation levels are gen-
erally observed just before maintenance actions
(see e.g. Salles et al. (2020)). Here four differ-
ent observation schemes are considered so that
degradation levels can be observed between main-
tenance actions as well as just before or just after
maintenance times. In each scheme, degradation
levels between successive maintenance actions are
observed. At maintenance times, in the first obser-
vation scheme, degradation levels just before and
just after each maintenance action are observed.
In the second scheme, degradation levels just af-
ter each maintenance action are not observed but
are observed just before. On the contrary, in the
third scheme, degradation levels just before the
maintenance actions are not observed but are ob-
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Fig. 1. The degradation levels according to the four different observation schemes

served just after. Finally, in the fourth observation
scheme, the degradation levels are not observed
neither just before nor just after the maintenance
action.
In figure 1, four trajectories of the degradation

process are represented according to the four ob-
servation schemes. Three maintenance actions are
performed periodically. Every point represents an
observed degradation level and the missing obser-
vations are defined by the dotted lines.
This work proposes a method to estimate the

model parameters under the different observation
schemes. For each scheme, a general expression
of the likelihood is

L(θ) =

⎡
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(3)
where θ = (μ, σ2, ρ), fX is the density of X ,
Δyj,i are the increments of degradation and Hm

τ
−
j

is the history of the observed degradation process
for the mth observation scheme. The increments
densities are easy to write as the increments are
independent and normally distributed. The dif-
ficulty consist in computing the distributions of
the observed jumps Zm

j conditionally to the past.
These distributions are found by using the ARD1

model’s definition and the Wiener process proper-
ties.
The maximum likelihood estimators are derived

for each scheme. Several situations are studied in

order to assess the impact of different features on
the estimation quality. Among them, the number
of observations between successive maintenance
actions, the number of maintenance actions, the
maintenance efficiency parameter and the location
of the observations are considered. These situ-
ations are used to assess the estimation quality
and compare the observation schemes through an
extensive simulation and performance study.
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