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Work Progress

Work Package 2 Requirements Management & Development of the IT platform
Work package 2 (WP2) has worked extensively in finishing the development of the ReMAP IT platform, specially to show its
full potential during the review meeting of the project.
After achieving M30 in which the platform was validated, the Atos development team has worked in the execution
environment for the models that are being developed in WP5 and WP6. The platform provides a space for those model
builders inside ReMAP where they can upload their models into a model repository. Then, the airlines involved and
interested in the models, can download and execute them using their own data in their ReMAP node. The platform allows
the creation of prognosis tasks to solve the potential issues exposed by the model executions.
In this sense, the ReMAP platform is able to handle three different kinds of models: Remaining Useful Life (RUL), Health
Indicator and Planner (to better plan the maintenance of the fleet). During this period of time, WP2 has worked together
with WP5 and WP6 members to help in the integration of their models within the ReMAP platform.
During these months, WP2 together with WP8 has been defining how it will be the operational environment for the
demonstration. In the coming weeks, both teams will be planning the deployment of the ReMAP Node in KLM’s IT
environment.

Work Package 3 Sensor Technologies for Structural Health Management (SHM)
From the beginning of 2021, 7 flat multi-stiffener panels made of Carbon-Fibre Reinforced Polymer (L2 coupons) have been
equipped with 32 patches each. The corresponding interrogating channels, the Lamb Waves Detection System (LWDS) , has
also been supplied. For this purpose, 16 additional LWDS45 channels have been produced to extend the 20 existing
channels used in the previous test campaigns. The electronics system can thus be extended to 36 channels in further
demonstration testing. The L2 coupons have been then delivered for damage monitoring testing at TUD with optic fiber
(T3.2) and acoustic emission (T3.4) in the scope of WP4 (T3.1 Fully sensorized test articles of WP4).
The hybrid method (T3.3), combining piezo-electric excitation and optic fiber sensing with Fiber Bragg Gratings (FBG) has
been tested on larger coupons (L2). The ability of FBG to capture the piezo-electric excitation, previously validated on small
samples (L1), has been confirmed on L2 on lower eigenfrequencies (up to 1kHz). Frequency shifts have also been detected
during quasistatic test on a first L2 coupon with a new user interface. The satisfying first results led to the integration of the
hybrid method to the L2 test campaign of WP4.
A new generation of LWDS45 electronics is being developed based on the integration of a self-diagnostic using impedance
method (Task 3.5: Sensors reliability assessment). A mockup with 4 channels has been realized and tested. In parallel, 12
L0 coupons have been equipped with piezo patches to challenge the ability of the impedance method forwww.h2020-remap.eu
testing the piezo
patches integrity. It is planned to implement this evolution for the test campaign on L3 coupons. In terms of reliability,
study about coating and gluing quality also started. New investigation on a protective coating also started to prevent the
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A new generation of LWDS45 electronics is being developed based on the integration of a self-diagnostic using impedance
method (Task 3.5: Sensors reliability assessment). A mockup with 4 channels has been realized and tested. In parallel, 12 L0
coupons have been equipped with piezo patches to challenge the ability of the impedance method for testing the piezo patches
integrity. It is planned to implement this evolution for the test campaign on L3 coupons. In terms of reliability, study about
coating and gluing quality also started. New investigation on a protective coating also started to prevent the patch failure
during impact, aiming to implement this method in the rest of L2 test campaign.
In the next 6 months, the WP3 will continue to supply to the project the sensorization of demonstration prototypes with piezo
and optic fibers. The reliability test campaign will continue with the impedance self-diagnostic investigation and environmental
protective coating. The improvement of the compactness and the user-friendliness of the LWDS45 will be investigated.

Work Package 4 Structural Health Management (SHM) – Diagnostics & Remaining Useful Life Prognostics
The last 6 months of ReMAP project, WP4 remained engaged in several activities. L-2 (multi-stiffened panels) fatigue
testing has been launched in an unprecedented test campaign in TUD. SHM data are being gathered, processed and
published in a public data repository making it available for free in the research community. UPAT has been developing
diagnostic methodologies based on digital twins of aerospace structures whereas ENSAM has been developing
methodologies for the damage location and sizing utilizing guided ultrasonic waves. The next activities focus on the
upscaling and demonstration of the diagnostic and prognostic methodologies developed in L-1 single-stiffener coupons to
L-2 multi-stiffener panels.

Work Package 5 System Level Diagnostics, Prognostics and Health Management
To achieve the objectives of CBM in work package 5 (WP5) prognostics and health management (PHM) methodologies for
aircraft systems and components are being developed. Between M30 and M36, significant progress has been made as follows:
Integration and validation of developed PHM methodologies, with data from Boeing 787 aircrafts.
Development and validation PHM methodologies for remaining useful life Estimation of Engine Bleed System of Boeing 737
Development of novel methodologies for optimal Machine Leaning model selection for PHM methodologies.
Planning in collaboration with work package 8 and work package 2 for demonstrating the methodologies developed in work package
5, in the ReMAP platform.
Development of novel methodologies for extraction and visualization of actionable information from PHM methodologies. The focus
of this visualization effort has been on: (a) degradation dynamics, (b) remaining useful life estimation and (c) edge computing and
fleet health analysis.

Watch our new video where we explain the ReMAP’s PHM solution: https://h2020-remap.eu/5-phm-the-story/

www.h2020-remap.eu
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Work Package 6 Maintenance Decision Support Tool
The work-package 6 (WP6) team continue working on the developing of the maintenance scheduling algorithms and
initiating the user interface development for the decision-support tool. Some important achievements were achieved in this
last period. In particular, the team concluded the development of a multi-agent reinforcement learning architecture (an
Asynchronous Advantage Actor-Critic algorithm) to schedule aircraft maintenance checks and the respective allocation of
tasks to these checks. The results for a case without prognostic tasks suggest that the optimal solution can result in about
8% fewer maintenance checks and that approximately 72% of all scheduled tasks have a utilisation of 80% or more of its
predefined interval. Some of these results were reported in a research paper published in the Aerospace Journal, and it was
selected to be the cover of the April issue of this journal (figure below). The WP6 team is extending the reinforcement
learning concept to consider the uncertainty resulting from constantly updated health prognostics. We are developing a
Partially Observable Monte Carlo Planning (POMCP) algorithm that will be linked with the scheduling algorithms that will be
used 6-month demonstration exercise that will start in September. This demonstration exercise will focus on scheduling
and re-scheduling maintenance tasks and allocating aircraft to maintenance slots, following new health prognostics, faults
found, changes in the availability of resources, or any other hangar maintenance disruption situation.
In a parallel effort, the team is developing the prototype of the interface of the decision support-tool. The interface would
allow the maintenance scheduler to easily read and interact with health prognostics and a fleet maintenance schedule. This
interface will soon be tested and used for a simulation experiment to test how maintenance planners can use adaptive
maintenance scheduling following aircraft health prognostics.

Work Package 7 Integrated Safety Risk Assessment
WP7 aims at assessing the safety of CBM technologies investigated by ReMAP. WP7 will also define recommendations for
future regulations in order to pave the way for the adoption of CBM technologies. During the first semester of 2021, WP7
partners have continued to investigate techniques to perform dynamic safety assessment of maintenance process including
CBM. This assessment uses Monte Carlo simulations of an Agent Based model that describes the maintenance process.
WP7 partners have been also preparing a certification exercise for CBM technologies in order to investigate regulatory
challenges for their adoption.
Partners are currently selecting the challenging certification tasks for CBM technologies that the certification exercise
should address.

www.h2020-remap.eu
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Work Package 8 Technology Integration, Demonstration & Validation
In the last six months before the demonstration of the ReMAP technologies, Work Package 8 has focused on conducting a
current-state analysis on airline maintenance operations. In this work, the promise of condition-based maintenance had
been put into the perspective of its contribution to the earning potential of the airline’s fleet. In today’s maintenance, 80%
of maintenance tasks are originating from usage (or age) based triggers. From these tasks, roughly half does not alter the
state of the aircraft, and could –in theory- be eliminated if the state of the aircraft had been known upfront by real-time,
remote condition monitoring. The other half of these tasks do alter the aircraft’s condition, but leaves the potential open for
condition-based timing of the maintenance action, which would reduce the total number of tasks required to keep the
aircraft airworthy. About 20% of all tasks today are already triggered ‘on-condition’ of the aircraft. Yet for about a third of
those tasks, a better anticipation of these tasks from prognostics-enabled CBM is expected to result in fewer delays and
cancellations. While these numbers seem promising, there is still a long way to go before CBM will dominate aircraft
maintenance policies. Looking at how tasks are fragmented over different systems, eligibility of CBM should be evaluated on
individual task, system and failure level. Furthermore, the estimation of ultimate benefit in terms of earning potential
depends on more factors than can be inferred from current state analysis. These factors, including weight-benefits,
prognostic performance and scheduling performance will be further studied in Scenario 1 and Scenario 2 of this work
package.

www.h2020-remap.eu
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ReMAP & Science

ReMAP Scientific papers

‘Aircraft Maintenance Check Scheduling Using Reinforcement Learning’, Andrade, Pedro;
Silva, Catarina; Ribeiro, Bernardete; Santos, Bruno F. (2021)
Aerospace 8, no. 4: 113. (https://doi.org/10.3390/aerospace8040113)

‘Fusion-based damage diagnostics for stiffened composite panels’, Agnes Broer, Georgios
Galanopoulos, Rinze Benedictus, Theodoros Loutas and Dimitrios Zarouchas
Structural Health Monitoring 1–27 (https://journals.sagepub.com/doi/10.1177/14759217211007127)

‘Aircraft Fleet Health Monitoring with Anomaly Detection Techniques’, Luis Basora,
Paloma Bry, Xavier Olive, and Floris Freeman
Aerospace 2021, 8, 103. (https://doi.org/10.3390/)

www.h2020-remap.eu
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News highlights
ReMAP presents the first International Conference for CBM in Aerospace

ReMAP project is proud to announce the organization of the first International Conference for CBM in Aerospace. The
conference aims to create an international platform for academicians, researchers, managers, industrial participants, and
students to share their research findings in reliability engineering, sensing technology, predictive algorithms, data science
and IT, artificial intelligence for CBM, optimisation solutions, digital-twin models, and safety & certification related to CBM.
Bringing together leading experts and promising young researchers, the conference will offer an opportunity for scientific
and technical discussions in relatively small groups.
Scheduled for the 24th and 25th of May, 2022, the event will have social events, technical demonstrations, and keynote
talks on critical issues and applications. In addition, the conference will have a workshop intended to present the results of
the H2020 ReMAP project.
Find out more about the conference at: https://cbmacademy.eu/

www.h2020-remap.eu
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Opening of the 1st open-access intelligent knowledge databank
to predict the future state of composite aircraft structures

An intense two-year test campaign on aerospace composite structures at the Aerospace Structures & Materials Laboratory
of Aerospace Engineering Faculty of the TU Delft (NL) and at the Department of Mechanical Engineering & Aeronautics of
University of Patras (GR) has resulted in a unique Structural Health Monitoring (SHM) Database. This knowledge bank
provides the aviation industry and research communities data to not only diagnose the current state of the structure realtime, but to additionally predict the future state of the structure of aircraft by using artificial intelligence models. This can
support aircraft maintenance engineers to detect, locate and assess the severity of damage of composite aerospace
structures that is often not apparent at the surface and requires a lot of time to detect through manual inspections. This is
the first database – worldwide – that is publicly available for that purpose. Visit it at: https://dataverse.nl/dataverse/
ReMAP_H2020_SHM_data_repository
Find out more about this initiative at: https://h2020-remap.eu/remap-consortium-opens-1st-open-access-intelligentknowledge-databank-to-predict-the-future-state-of-composite-aircraft-structures/

www.h2020-remap.eu

Newsletter #6 July 2021

9

News highlights

CBM Benefits for Airlines: Estimate them Realistically!

We talked with Floris Freeman (KLM) about the earning potential that condition-based maintenance can bring to airlines.
Three key factors impact this earning potential:
1. higher operational reliability: when not confronted with unexpected events, there is less risk of cancelling or
delaying a flight
2. higher availability: when fewer unexpected events happen, the airline needs fewer spare aircraft and maintenance
buffers in its network
3. lower cost: maintaining a component preventively is typically less costly than at the end of its useful life
Read the full blog and learn how to realistically estimate the benefits of CBM for airlines at: https://h2020-remap.eu/cbmbenefits-for-airlines-estimate-them-realistically/

www.h2020-remap.eu
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ReMAP & Events

Previous events

ReMAP in the PHMe 2021
The 6th European conference of the prognosis and health management (PHMe) took place, in a fully virtual
format, between the 28th of June and the 2nd of July 2021. Around 140 participants attended this European
event dedicated to the PHM community.
ReMAP was represented though a Virtual Booth, where participants were invited to find out more about our
project, through our leaflets, brochures and videos.
Two team members had also an active role in this event: Floris Freeman (KLM) presented some of our research
findings in the paper session Advances and further developments in DL for PHM applications and Anarta Ghosh
(UTRCI) participated as a panellist in the session Applied deep learning.

www.h2020-remap.eu
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IEEE INTERNATIONAL WORKSHOP on Metrology for AeroSpace
ReMAP was represented by members of the University of Patras in the Virtual Conference IEEE
INTERNATIONAL WORKSHOP on Metrology for AeroSpace. The event took place from the 23rd to the 25th of
June. In it, two research papers were presented in the context of ReMAP’s activities. Georgios Galanopoulos
presented the paper Health indicators for diagnostics and prognostics of composite aerospace structures, coauthoredevents
by Georgios Galanopoulos (U. Patras), Dimitrios Milanoski (U. Patras), Agnes A. R. Broer (TUDelft),
Upcoming
Dimitrios Zarouchas (TUD), Theodoros Loutas (U. Patras). The presentation was the 3rd classified in the award
Best paper presented by a young researcher.

ReMAP will be represented by members of the University of Coimbra (Miguel Fernandes, Catarina Silva, Joel P.
Arrais, Alberto Cardoso and Bernardete Ribeiro) in the 29th European Symposium on Artificial Neural
Networks, where the research work intitled Decay Momentum for Improving Federated Learning will be
presented.

www.h2020-remap.eu
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Know us
SMARTEC SA

SMARTEC SA is a Swiss private company specializing in Structural Health Monitoring (SHM) of civil, geotechnical, oil & gas,
aviation and cryogenic structures. SMARTEC is part of Roctest / Nova Metrix Group, one of the leading world players in SHM.
Founded in 1996 as a spin-off of the Swiss Federal Institute of Technology in Lausanne (EPFL), SMARTEC has consolidated
its position as experts in leading-edge Fiber Optic Sensing Technologies such as SOFO, Distributed Raman, Distributed
Brillouin, Fabry-Perot and in Conventional Sensing.
SMARTEC specializes in the development, production and implementation of field-proven sensing solutions that enable a
reliable use of advanced optical sensors in the most demanding environments.
Within ReMAP, SMARTEC is contributing in particular to WP3, WP4 and WP8, designing, producing and providing packaged
optical fiber sensors based on its SMARTape technology. Those sensors allow the measurement of local strain at specific
positions, using FBGs (Fiber Bragg Gratings), as well as distributed strain sensing with mm resolution using Rayleigh
scattering technology. The SMARTape sensors are integrated on the composite panels to allow identification of de-bonding
and other damages.
More information at: www.smartec.ch

www.h2020-remap.eu

Newsletter #6 July 2021

13

Know us

Different application of SMARTape sensors
inside a pipeline

OPTIMAL STRUCTURAL SOLUTIONS

OPTIMAL STRUCTURAL SOLUTIONS is focused on providing end-to end solutions to its customers, within composite
structures. Relying on our internal capacities in engineering and manufacturing we can transform an idea into a prototype
component, and latter into a serial production relying on the most advanced and cost efficient technologies.

Engineering capacities
The company has engineering capacities, and expertize, covering the development cycle of a composite components. Three
main areas can be identified:

www.h2020-remap.eu
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Engineering capacities
The company has engineering capacities, and expertize, covering the development cycle of a composite components. Three
main areas can be identified:

Materials Research & Testing
At OPTIMAL we have the knowledge to define materials qualification campaigns, support their implementation and perform
the statistical analysis of the results.

Design
the years our team has gathered the required knowledge to design optimized components, which will guarantee the
appropriate behavior, and which take into account the manufacturing limitations/difficulties.

Stress Analysis
OPTIMAL has internal knowledge covering all relevant techniques to achieve extremely optimized structures. This ranges
from traditional linear static analysis up to dynamic analysis with complex material failure modes.

Manufacturing capacities
OPTIMAL STRUCTURAL SOLUTIONS has an installed manufacturing capacity suitable for transforming the solutions
engineered into products. This capacity covers:
Tooling for composite components:
· Metallic lamination tools,
· Composite lamination tools,
· Trimming & assembly tools,
· Patterns,
Complex metallic components,
· Up to 12 meters in 5 axis,
Prototype composite components:
· PrePreg autoclave or oven cured,
· RTM,
· Vacuum infusion.

www.h2020-remap.eu

Visit our website

www.h2020-remap.eu

Follow us on social media

@h2020_ReMAP
linkedin.com/company/h2020-remap/

