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PREFACE
Increasing the service life of installations to reduce our
environmental footprint

T

are used under optimal operating and
usage conditions. The study of structural
and meteorological data not only
reduces risks but also contributes to
increasing the service life of installations.
It is part of an approach combining
energy efficiency and a sparing use of
materials to reduce our environmental
footprint.

he initiatives supported by the
European Commission in response
to the unprecedented environmental
challenges the world is facing have
recently come to fruition with the
implementation of large-scale climate
and environmental roadmaps. In 2019,
this led to the creation of the European
Green Deal, which aims to achieve
modern growth with a just, efficient
economy in order to become carbon
neutral by 2050.

At the CEA-Liten, we are convinced that
the development of innovative digital
tools such as the MORPHOSENSE
NEURON / AXON technologies is a
necessity to encourage the integration
of renewable energies into the energy
mix and speed up the energy transition.

The need to decarbonise the energy
sector means it is central to these issues.
In this context, an integrated approach to
the energy system is paramount. It must
be based both on the complementarity
of carbon-free energy sources and on
a systemic approach to the different
electrical, thermal and gas vectors
in order to reduce CO₂ emissions as
quickly as possible.

In this rapidly changing environment,
MORPHOSENSE
has
successfully
consolidated its position and its
development strategy, now offering a
key tool for monitoring large structures
which will be a determining factor in
the convergence of energy and digital
technology.

To optimise this interoperability and
manage the issue of intermittent supply
resulting from the increasing use of
solar and wind energy, reliable access
to data in real time is vital and will be
key to moving the world towards a flow
management-based approach. This
digitalisation makes it possible to build
smart, instrumented, controllable grids
to satisfy demand while also limiting
losses through the development of
innovative digital tools. In addition to
purely energy-related data, a wealth of
additional data must also be taken into
consideration to ensure energy systems

by
Florence Lambert
Director
of the CEA
Liten Institute
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INTRODUCTION
MOR P H O SE N S E : innovating in c ivi l e n gi n e e ri n g an d e n e rgy
s tr u ct u re m o nito ring .
[ μορφή Morphé : form or shape
Sens, from the Latin sensus: ability to perceive ]
« MORPHOSENSE was created in 2016. Its origins stem from the Systems
department of CEA Leti. The technology is based on a network of high-precision
MEMS accelerometers with patented algorithms which estimate the 3D
deformation and 3-axis vibrations of infrastructures and superstructures ».
MORPHOSENSE website
« MORPHOSENSE, a young French company, has developed a structural health
monitoring solution which contributes to improving risk management and optimising
maintenance costs. […] It enables managers of civil engineering structures to assess
microscopic longitudinal and transverse deformation and natural or experienced
vibrations in three dimensions with an accuracy of 100 microns per meter ».
Laurent Rousselle, L’Usine Nouvelle, 15 février 2018
« MORPHOSENSE is currently developing artificial intelligence tools which will make it possible to
integrate predictive maintenance into the digital twin. This will alert operators, enabling them to
correct any faults or stop them from developing, thus extending equipment service life.
CNR then plans to apply this technology to the service life assessment of a wider range of
hardware - in particular dam valves. “Although we are not yet in a position to quantify the savings
the digital twin will generate if its use is generalised, we are very optimistic. These savings are likely
to amount to several million euros » concludes Yves Masson, an expert in hydromechanics at

the CNR asset management DGAC, 15 May, 2020.
The time has come for MORPHOSENSE to « take the floor » both to explain our vision and work and
to contribute to progress in the field of renewable energy, from wind turbines and offshore oil and gas
platforms to hydraulic structures and civil engineering structures.
This is the reason for this white paper, which our entire team hopes you will enjoy reading.

Alexandre Paleologue
CEO

Cyril Condemine,
CTO

www.morphosense.com
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I. BACKGROUND AND KEY ISSUES
Measuring the health and ageing of civil engineering and energy
production structures: instruments, models and constraints.
Each and every manager of an infrastructure, civil engineering structure or heavy
equipment - whether linked to transport, fossil fuel, renewable energy or industry is responsible for the performance of their facilities. This performance is expressed
in terms of risk for a bridge or in terms of cost-effectiveness for a wind turbine, for
example. Measuring the performance of a structure or series of structures (facilities
or farm) is established using indicators. These indicators are an observable reflection
of the actual state of the facilities.

A/ EXISTING
INSTRUMENTATION
(for structures)
The purpose of a monitoring system
is to measure physical quantities over
relatively long periods of time, which
may range from several months to
several years. These physical quantities
are highly variable - they can be
environmental (temperature, wind,
swell), geometric (deformation, torsion,
curvature) or structural (stress, fatigue).
The aim of these measurements is to
monitor the state of health and detect
any abnormal behaviour in a structure in
the field of renewable energy.
MORPHOSENSE is primarily focused
on the fundamental parameters of
structural mechanics: deformation,
stress and fatigue. There are two
relatively distinct types of structural
deformation
measurement:
static
deformation measurement and dynamic
deformation measurement.

Static deformation is the movement
a structure experiences when force
is applied to it and it is subjected to
physical pressure. For example, lock
gates are subjected to static deformation
when the water level pressing on the
gate rises (this is referred to as load
cycles or cycling). The hydrostatic load
applied to the gate structure increases
with the level of the water pressing
in on it. The same phenomenon
and the same dependence on the
hydrostatic load is found in dams. Static
deformation therefore corresponds to
almost continuous displacements of
the structure as compared to dynamic
deformation, which corresponds to
displacement around a position of
equilibrium.
For
example,
measuring
static
deformation allows the maximum
deflection measurement of a structure
to be estimated. Maximum deflection
corresponds
to
the
maximum
deformation located at a specific point of
the structure. This maximum may reflect
abnormal mechanical phenomena

*The highlighted words are defined in the glossary on page 46 - 47
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such as unwanted hysteresis effects or
deviation in structural behaviour. The
spatial deformation of the structure
provides information about the way the
structure behaves under different loads.
An example of this could be an
application on tunnel boring machines,
where measurement of the deformation
of part of the tunnel boring machine

under the effect of geological stress may
reflect the potential onset of jamming.
In general, the types of deformation
occurring on structures are linked to
bending or torsion. In some cases,
traction-compression movements and
buckling can also be of interest for early
detection of structural faults.

Figure 1 : Illustration of the main types of static deformation of a structure

Dynamic deformation is characterised
by its own frequencies which provide
information about the way the structure
is likely to deform. The term “modal
analysis” is often used. Deviation in the
modal parameters (frequency, damping
and dynamic deformation) can provide
information about the state of health of
the instrumented structure. Monitoring
dynamic indicators such as the
maximum vibration level is often used
when alert thresholds can be identified
which must not be exceeded. This is
particularly the case in construction
site applications to monitor structural
damage, or in railway applications to
measure vibrations experienced by
neighbouring buildings. This monitoring
can also apply to meteorological and
marine phenomena acting on a structure
such as wind turbines or O&G platforms.
This type of architecture allowing

“triggered” recordings has the advantage
of only monitoring periods when the
vibration levels are sufficiently high
enough to be of interest. However, it also
has the disadvantage of limiting in-depth
understanding of the structure’s dynamic
behaviour, given that the concept of
continuity of all the signals cannot be
exploited. Continuous measurement
captures all phenomena, enabling indepth analysis of the different phases
of operation and/or stress to which
the structure is subjected. This type
of monitoring processes a relatively
massive flow of data and requires a
dedicated data processing architecture.
Moreover, these measurements are
extremely robust for structural health
monitoring, as no event is excluded from
the analysis.
For even more precise analysis and
monitoring, the structure must ideally be
10

fitted with a sufficiently dense network
of sensors allowing measurement of
the natural frequencies and modal
deformation. Natural frequencies are
particularly relevant to monitor as they
provide information on how the structure
is behaving. During the operational life
of this structure, the variation in the
natural frequencies, and therefore the
related modal deformation, indicates
that the structural elements may have
aged as expected or conversely in an
unexpected way. These variations may
be very diverse, ranging from a change in
boundary condition (e.g. the foundations
of a wind turbine) to a loss of structural
rigidity (e.g. loosening of the bolts on
wind turbine pylons). Depending on
the nature of the phenomena we wish
to observe, the modal frequency to
be monitored may fluctuate, the lower
frequencies often being characteristic
of an overall phenomenon while higher
frequencies relate to local phenomena.
As wavelengths propagating at low
frequency are very large, the detection
of localised loosening of bolts will
generally be less sensitive at these
frequencies. Conversely, a foundation
which becomes even slightly unstable
will lead to a change in behaviour of the
entire structure, and will therefore be
perceptible at low frequencies.

Today there are various measuring
systems and technologies allowing
static or dynamic quantities to be
monitored. However, those allowing
these two quantities to be continuously
measured simultaneously in real time
are rare. For this reason, we have
opted to dissociate the static and
dynamic measurement families in our
presentation. This is not an exhaustive
list of all the existing technologies, of
course. It is a list representing a vast
majority of what is currently in use.
Static quantity measurement
technologies
o T he strain gage is the most
widespread solution to monitor local
deformation in structures. It is a type
of technology allowing localised
measurements on structures.
o T he theodolite is also an optical
instrument used to measure structural
deformation. It is the instrument used
by surveyors to measure angles.
o T he inclinometer
measuring system
structures.

is an angle
deployed on

o Optical fibre is a technology which
can theoretically be used to deduce
the deformation of a structure.

In dynamic applications, it is also
worth mentioning the study of wave
propagation phenomena, particularly
in a seismic context where the focus
will be on the celerity. This celerity is of
great interest to estimate soil stiffness
and to feed information into the related
models. This knowledge of the soil is
essential to identify and size the type of
foundation to construct for a structure
such as a wind turbine or to anticipate
the type of soil which will be drilled in a
mining or tunnelling context.
11

Dynamic quantity measurement
systems controlled by
multichannel acquisition systems
o Accelerometers
are
the
most
common range of dynamic measuring
systems for structures and the easiest
to use. There are two categories of
sensors - piezoelectric sensors, which
measure the vibration of the structure
around a position of equilibrium, and
capacitive sensors, which measure
the gravity component in addition to
the vibration of the structure around a
position of equilibrium.
o The geophone (sometimes called a
velocimeter) is the instrument most
commonly used by geophysicists,
particularly due to its low electronic
background noise.
o L aser vibrometers are devices
generally used in laboratories or in an
industrial environment.
Static and dynamic measurements
generate a significant amount of data
to store and process. The devices
used for these measurements are
usually controlled by multichannel
acquisition systems where one channel
corresponds to the measurement of one
axis at a discrete point. All the sensors
are thus connected to the acquisition
station using the same number of
cables as there are sensors, which
generates a large number of cables
of very variable lengths. A 200-meter
high skyscraper fitted with 10 tri-axial
sensors would require 30 channels
on an acquisition system and several
kilometres of cable to be deployed.
In cases of vibration analysis when
the focus is on propagation or modal
analysis phenomena, the number of
sensors required can sometimes be
high. The synchronisation of all these

sensors is an essential prerequisite in
that as waves are propagated at high
velocities, it is important to be able to
dissociate the arrival times of the waves.
Most technologies use a PC to control
their system or allow data storage on
a server for a limited daily flow. The
issue of the transfer and storage of
measurements is therefore a recurring
problem, particularly in the context of
monitoring.

B/ THE MODELS
(where the Digital Twin comes in)
Modelling usually occurs during the
design phase of a structure in order
to size it with regard to its service
life or the stresses to which it will be
subjected during its life cycle. Today it is
widely accepted that this design phase
does not allow a sufficiently accurate
representation of reality. During the
construction of a structure such as
an offshore wind turbine, bias can be
observed linked to an incomplete
knowledge of the foundations or to
modelling of the forces linked to the
wind, swell, or marine currents which
is too approximate. Integrating models
into the operating phase of the structure
is essential against a background of
predictive maintenance and extended
service life, given that the calculation
rules and margins of the design phase
now need to be adapted to the actual
context.
These models are widely used as they
allow a large number of scenarios to
be taken into account for a given case.
For example, the most frequently used
digital models are based on the finite
element, boundary element or finite
12

difference method. The main strength of
this method is that it takes into account
an almost infinite variety of types of
structural geometry integrating all
types of loads, material and boundary
conditions. However, the down side of a
very complex model is that calculations
may then take considerable time.
Simplifying models to reduce these
calculation times is a real challenge.
The context in which the Digital Twin
comes into play therefore involves
the real modelling of the structure by
merging the model with continuous
real-time measurements. The model
provides information about event
phenomena, something which is difficult
to access by measurement alone. E.g.
monitoring the maximum deformation
of a lock gate which deviates over time
and which may have many origins,
ranging from a fluctuation in the fall
height to foundation movements. In
this case, the model makes it possible
to specify the phenomena involved
and is therefore central to decisions
concerning maintenance operations.

o Sensitivity analysis
The sensitivity analysis studies
the uncertainties regarding the
phenomena or sources observed.
During this phase, the parameters
influencing the model are categorised,
allowing them to be correlated with
the measurement to a greater or
lesser extent. For example, the lowest
natural frequency of a structure will
be sensitive to global phenomena
such as boundary conditions, while
higher frequencies will identify more
localised phenomena. The sensitivity
of the model with regard to these
parameters will provide information
about very different phenomena/
sources.
o Model reduction
Model reduction is a critical step as
it allows the synchronous merger
of the data and the model on which
the Digital Twin is based. One of the
important elements of the Digital Twin
is to allow models to function in real
time, perfectly correlated with the
measurements. To do so, a model
reduction is required in which the
accuracy of the results is not tainted
by errors linked to this reduction.

Setting up a Digital Twin meets several
deployment challenges:
o Alignment between the model and
the measurement in a controlled
environment.
Based on the exact plans of the
structure and the real-world context,
alignment between the model and the
measurement allows modelling of the
different interactions with the external
environment and takes into account
the real boundary conditions, which
are often tricky to estimate during a
design phase.

The model can then provide information
in real time relative to fatigue in the
structure or any maintenance operations
by targeting the pathologies measured
and formalised via the model.

13

The Digital Twin
The
Digital Twin
is
a virtual
representation of what exists in the real
world. When sensors collect data from
a connected object, this data can be
used to continuously update the virtual
representation of the object in real time.
The Digital Twin provides a precise, upto-date copy of certain properties and
states of the physical object, such as its
shape, position, state and movements.

The Digital Twin - a combination of three
main elements [3]:
o A simulation model enabling a physical
problem to be solved mathematically
under real time and continuous
calculation constraints;
o An advanced strategy
assimilate mass data;

able

to

o A mechanism to adapt the model to
the measurements.

C/ THE CONSTRAINTS
(to achieve the Digital Twin)
Structural monitoring is based on three
main types of indicators: mechanical,
environmental and context. To allow
qualitative correlation analyses of these
measurements, a network is required
enabling all the data gathered on the
structure to be synchronised. The data
can then be correlated and merged into
the calculations and digital models (e.g.
finite elements).
Mechanical indicators
The mechanical indicators express
the structure’s response to external
stresses. Two important sub-classes
coexist: static and dynamic indicators.
The difference lies in the dynamics
of the source which generates these
indicators. The maximum deflection
caused by hydrostatic pressure on a
lock gate which loads in a few minutes
is called a static indicator. However,
the level of vibrations in a penstock

in operation is dynamic, as the useful
frequency content exceeds several tens
of Hz. The static/dynamic boundary is
not universal for all structures.
Environmental indicators
The environmental indicators measure
sources of stress on the structure:
wind for wind turbines, vehicles for a
road bridge, trains for a railway bridge,
the temperature for metal structures,
humidity, corrosion and many others.
For each type of structure, only
the environmental indicators which
are significant for structural fatigue
estimation are relevant for observation.
Context
Context provide knowledge of the
structure through 3D plans, digital
models integrating the boundary
conditions or diagnostics reports. Unlike
the other indicators, context is not
necessarily quantified. Of these, digital
models represent the highest level of
contextualisation.
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What makes measuring the constituent
indicators and merging them together
reliably to assess fatigue on the
structure observed so complex?
The answer may reflect the issue at
stake: the specific characteristics of a
solution to this problem are many and
demanding. These characteristics can
be divided into two classes: the ability
of the solution to adapt to the structures
and its performance at system level.

15
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II. STAKES
Transport, energy, engineering structures: providing practical
solutions for all large infrastructure managers.
Since MORPHOSENSE was founded, it has worked with customers in a wide
variety of sectors but who are united by the importance they attach to managing
their infrastructure: engineering structures, transport infrastructure, hydraulic
structures, on- and offshore wind turbines, oil platforms, etc. We quickly realised
the importance of calculating the real fatigue of their structures in order to provide
them with key indicators continuously in real time. In this way, MORPHOSENSE has
become a catalyst for effective predictive maintenance based on the Digital Twin
principle.

A/ STRUCTURAL FATIGUE
(monitoring the state of infrastructure
fatigue to guarantee viability)
When it comes to the performance of
mechanical structures, the indicators
have already been established and
are relatively universal with regard to
the operational environment of these
structures. The fatigue indicator is
the very basis of the design of most
structures, especially metal structures.
It reflects the state of the structure
considered acceptable to achieve a
given performance. Beyond a certain
fatigue state limit, the structure is no
longer considered viable.
Although fatigue is often the basis
for the sizing rules used in the design
of many structures, paradoxically it is
extremely difficult to measure. Fatigue
depends on time, space, sources of
stress, the geometrical and mechanical
properties of the structure and the
interactions between the structure
and its environment (the boundary
conditions).

To
successfully
estimate
the
structural fatigue of a structure, the
technological solutions have focused
on the constituent indicators of this
fatigue. These constituent indicators described in the following paragraph have their own application, particularly
for monitoring applications. However,
combining these indicators in a robust,
reliable manner is the only way to
achieve a real assessment of the fatigue
of a structure. Today MORPHOSENSE
is able to fulfil to these different needs
through what this service can bring to
the many managers of these assets.

B/ ASSET MANAGEMENT
As for asset management, the various
regulations in force in the sectors
of activity where MORPHOSENSE
operates must be taken into account. It
is essential for managers and operators
in charge of structures or facilities to
comply with the directives, rules or
standards governing safety and the
maintenance of their structures in good
working order.
17

An article by C.CREMONA (an expert
at the Laboratoire Central des Ponts et
Chaussées since 2005) very precisely
sets out the recommended rules for
monitoring civil engineering works with
regard to risks and an approach based
on the concept of a life cycle.

An article by SIXENSE also identifies
the statistics of an insurance company
concerning real time risk management
in tunnels.
Bachelor’s
degree
programmes
with an option in asset management
and maintenance with the FNTP
(French Federation of Public Works) in
collaboration with the ENTE (French
school of infrastructure technicians) and
the CNAM also highlight the need for
the future development of maintenance
techniques taking into account the
current digital developments.
Offshore wind energy
An American publication
stresses
the importance of the markets which
will open when floating wind turbine
technologies become marketable: 80%
of the world’s offshore wind resources
are located in water more than 60
meters deep - and this number rises
to 90% for regions at the edge of the
Pacific Ocean. This publication reveals
that Asia dedicated three times more
funds to research floating wind turbines
than Europe between 2013 and 2015
(respectively 305 and 110 million dollars).

There is still a considerable amount of
work to do to achieve a floating wind
turbine which is technically sound,
including modelling, experimentation
and certification of the machines.

*US Department of Energy, 2016 Offshore Wind Technologies Market Report, August 2017, pages 94 and 96
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Hydraulics

In the field of hydraulics, structures
are subject to a strict legal regime
which imposes obligations on their
managers and owners. Levees and
dams are structures which protect
against flooding or which retain water
and must be maintained and monitored
to guarantee the safety of people and
property. Regular monitoring therefore
enables problems to be detected at
a very early stage. The aim of regular
maintenance is also to better manage
the ageing of the structure.
To ensure monitoring and maintenance
of levees and dams adapted to their
characteristics, the regulations group
structures into several classes. The
managers’ obligations then depend on
this classification (A, B, C or D).
These standards and regulations require
public utilities and asset managers to
monitor and maintain the facilities and
structures in good condition. For this
purpose, some rely on existing triedand-tested technologies which often
need to be adapted, and others use
innovative, disruptive, more efficient
technologies.
The energy markets need to ensure their
structures are cost effective. This means
they must anticipate their maintenance
and inspection campaigns. As such,
digital avatars such as Digital Twins
represent a form of “holy grail” all
managers would like to reach. These
avatars are fully efficient when the

high-precision measurements provided
continuously in real time are used to
align and reduce digital models with a
“simple” ultimate objective: know the
real state of fatigue of the structure and
identify any related anomalies.

C/ COST EFFECTIVENESS
(or how to access over 90% of the key
indicators)

C-1 OFFSHORE WIND ENERGY
MORPHOSENSE provides a solution
which measures the key static and
dynamic structural parameters and the
environment in real time, allowing an
offshore wind turbine to be efficiently
monitored. Based on the scenario of
wind farm “clustering” (i.e. grouping
together wind turbines experiencing
similar conditions (same winds, same
currents, etc.)), equipping only 10 or 20%
of these wind turbines with instruments
is sufficient according to a strategic
distribution based on the “clusters” of
the entire farm.
The NEURON system developed by
MORPHOSENSE is the only system
the world to provide over 90% of the
key indicators: static and dynamic,
interoperability with context indicators
from standard monitoring to advanced
monitoring. By using the NEURON
system, MORPHOSENSE becomes a
catalyst for predictive maintenance
and an effective Digital Twin, thus
contributing to LCoE (Levelised Cost
of Energy) reduction by adjusting the
CAPEX (CAPital EXpenditure) / OPEX
(OPerational EXpenditure) costs.
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The NEURON system performances
The following tables illustrate the
instrumentation scenarios and show

the financial impact of introducing
the NEURON system into wind farm
management.

Hypothesis
Parameters for estimations are extracted from the references (1) & (2)

OWF Parameters
OWF size

100 WT (1)

OWT lifetime

20 year (1)

WT unit capacity

5 MW (2)

Wind electricity cost

50 €/MWh (2)

SHM System parameters
Instrumented WT

50 % with « standard SHM » (1)
12 % with NEURON + Digital Twin +
predictive maintenance

WT operating hours

6 000 h year (2)

Capex over 20 years

1,8 Billion€ (1)

OPEX

63 m€/year (1)

By using NEURON, MORPHOSENSE allows Digital Twin and predictive maintenance
and contributes to LCoE reduction by adjusting CAPEX/OPEX parameters.

[1] : “Energies 2019, 12, 1176” - Guidelines and Cost-Benefit Analysis of the Structural Health
Monitoring Implementation in Offshore Wind Turbine Support Structures
Maria Martinez-Luengo and Mahmood Shafiee,
Centre for Renewable Energy Systems, Department of Energy and Power2
[2] : https://eolienoffshore.wordpress.com/une_technologie_avantageuse/cout/
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Cost Benefit Analysis
Benefits & Costs Analyzes
OPEX Inspection
OPEX O&M
Profitability
+98 M€
+60 M€

7,8% of
OPEX

+30 M€

4,8% of
OPEX

+8 M€

+15 M€

+30 M€

+61 M€
+16 M€

Gain on OPEX
over 20 years

TOTAL OPEX GAIN

NEURON # “standard“ SHM

NEURON + Digital Twin + Predictive Maintenance

CAPEX : 5M€ <-> 0,28%
50 WT instrumented

CAPEX : 2,3M€ <-> 0,13%
12 WT instrumented

impact : +3,6M€ <-> +0,2% - NOTICEABLE

impact : +0,8M€ <-> +0,05% - NEGLIGIBLE

Applied point by point the same hypothesis (50% of instrumented WT) as
those analysed in reference (1) and using NEURON in replacement of various
instrumentation:
>> NEURON can help save 4,8% of the OPEX. Even if impacts CAPEX with
noticeable +0,2% are to be noted, the global benefits is positive (61 M€)

Applied NEURON with it’s full Digital Twin and predictive maintenance
capabilities:
>> NEURON can save 7,8% from the OPEX while impacts on CAPEX is negligible
with only +0,03. the total benefit is then (98 M€)

The CAPEX/OPEX costs are considerably reduced if the fatigue and remaining lifetime
estimates for a wind farm are accurate and stable over time:

21

Neuron versus others
OWF Monitoring Needs

Standards SHM Systems

Neuron System

Standard SHM
- vibrations
- modal frequencies
- xxxxxx

Specific SHM
- mass & aerodynamic xxx
- bolt loosening
- rotary frequencles

?

Full Power Budget capacity
Digital Twin Capabilities
Predictive maintenance
capabilities

Neuron Benefits
Using neuron system with it’s full capabilities of Digital Twin & predictive
maintenance save 98M€ from opex over 20 years,
corresponding to a reduction of 7,8%
Impact of neuron is limited to +0,03% of the capex...
As previous hypothesis are conservatives...
This is only the beginning !

C-2 HYDRAULICS

C-3 OIL AND GAS

The example of lock gates in the
hydraulics sector is particularly telling.
The gates must not sustain any major
damage or they may become jammed
and block river traffic, which would have
an immediate impact on the economy.
The same goes for dams which must
generate electricity and guarantee
optimal safety at the same time.

In the oil and gas sector, the price of a
barrel has stabilised around a sufficiently
low value for it to be preferable to
extend the service life of a platform
for as long as possible rather than to
develop a new one. To achieve this, it
must be possible to measure the actual
age of the structure and guarantee its
safety for both people and property.
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The stakeholders in the offshore
ecosystem today recognise the value of
MORPHOSENSE for the uniqueness of
its NEURON solution, the completeness
and quality of the measured data and its
efficiency in monitoring fixed and floating
offshore structures. Most alternative
solutions do not have instrumentation
able to provide simultaneous, real time,
continuous, 3D dynamic deformation
and 3-axis vibration monitoring. The
inability to obtain key parameters
simultaneously means that “cleaning resynchronisation - stabilisation” data
processing is required.

This does not allow for stable
performances and can cause errors to
run rampant, which can severely impair
maintenance decisions.
Our ability to provide static and dynamic
deformation in the same synchronous,
calibrated, stable data flow in real time
is seen by all as a unique asset.
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III. INNOVATION
The NEURON system, a network of synchronised sensors for
monitoring large structures.
The NEURON system developed by MORPHOSENSE is used to obtain real-time,
continuous, simultaneous, static and dynamic measurements. It therefore addresses
all the needs mentioned in the previous chapters. This unique, innovative solution
makes it possible to detect the first signs of structural weakness in civil engineering
structures (bridges, dams, viaducts, tunnels, skyscrapers) and the energy industry
(onshore and offshore wind turbines, oil and gas platforms, hydraulic structures,
etc.).

sss
The NEURON system is composed of
a “plug-and-play” hard-wired network
of measurement nodes at a density
adapted to the structure. A basic
measurement node is composed of:
o three high-precision capacitive singleaxis accelerometers,
o a three-axis gyrometer,
o a three-axis magnetometer,
o a temperature sensor,

Accelerometric sensors
Each node represents the equivalent
of an inertial unit, as used in numerous
fields of motion capture, such as mobile
telephony. The accelerometers used in
the NEURON system are highly accurate
and extremely robust, being originally
designed for military applications.
They are capacitive sensors which
transmit data continuously, thus

enabling tri-axial angular and dynamic
measurement (acceleration, 3-axis
vibrations). MORPHOSENSE uses this
“capacitive” feature to deduce the angles
of each measurement node in relation to
the projection of the earth’s gravity and
to reconstruct the static deformation
of large structures through the
spatial distribution of the network’s
measurement nodes, regardless of
the size and shape of the structure.
Like all sensors, they are sensitive to
temperature. This sensitivity can be
controlled by learning a constitutive
equation. For this reason, the NEURON
system measurement nodes are
calibrated in a machine specifically
developed in collaboration with the
CEA-Leti.
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Details (see picture p25)
This calibration machine is used first
to learn how the sensors react to the
temperature, and secondly to calibrate
the three accelerometers in rotation
and vibration to generate a perfectly
orthonormal tri-axial reference point
which is unaffected by temperature and
whose rotation / vibration response is
calibrated extremely accurately. This
calibration process is at the cutting
edge of technology in the field. It is
important to mention that the significant
temperature variations to which
the structures may be exposed are
monitored independently of the thermal
effect on the sensor. Each elementary
measurement node in a NEURON
system allows ten physical quantities
to be measured simultaneously. For
a NEURON system comprising 10
measurement nodes, that represents
the equivalent of 100 measurement
channels to be distributed over the
structure!
Measurement nodes connected
by a single cable
Each node in a NEURON system is
connected to the other measurement
nodes in the network in series using a
hybrid cable (copper and optical fibre).
The data is transmitted between each
node by means of an optical fibre and
the power is supplied through the
copper section of the hybrid cable.
This provides very high bandwidth
and means that a large number of
measurement nodes can be connected
together, allowing the network to be
extended to even the largest existing
structures (whether linear or in more
complex shapes).
In terms of acquisition frequency, the
maximum number of measurement
nodes in a network is limited by the
desired acquisition frequency. For
example - up to 23 measurement

NEURON

AXON
Algorithms

Digital Twins

TOOLS

Figure 2 : Illustration of the NEURON
system: from measurement to supply of
customer data.
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nodes can be connected for a desired
acquisition frequency of 200 Hz.
This provides the equivalent of 230
measurable physical quantities. As each
elementary measurement node can
be placed 40 m apart, the system is
extremely flexible and can be deployed
on very large structures / infrastructure
(up to a kilometre for the example of
a network of 23 measurement nodes
operating at 200 Hz).
By contrast, the cables usually used
with standard technologies (acquisition
stations among others) are BNC cables,
with which achieving distances greater
than 50 m is very complex without
including an intermediate conditioner to
reduce signal losses. This deployment
constraint significantly increases the
implementation time and means it is
difficult to make an acquisition station
solution cost-effective.
The number of nodes stated here is
extremely large when compared with
the number of channels needed to
install 230 acquisition channels on a
system. As the NEURON system is
connected in series, a single cable
is sufficient to connect the system,
which considerably reduces the space
needed. This also eliminates the risk of
channel identification errors since this
identification is performed automatically
in the NEURON system! When
connecting a large number of sensors
in an acquisition system, wiring errors
unfortunately frequently occur, making
it impossible to ensure measurements
are reliable. When the NEURON system
is connected, automatic recognition of
the measurement nodes is immediately
performed,
allowing
calibration
files to be assigned. The NEURON
system acquisition frequency can be
programmed up to 1 000 Hz.

As the structures usually monitored in
civil engineering - wind farms, O&G or
hydroelectricity - are very large, the
frequency ranges of interest are often
several tens of Hertz, or sometimes just
a few Hertz. The NEURON system can
therefore cover all needs.As mentioned
previously, the measurement nodes are
connected in series and the first node in
the network is connected to the master
node. This master node also supplies
electricity to the entire network via a
single standard plug. This same master
node is connected to a gateway used
to transmit the data to the cloud on a
specific server.
This data can be transmitted in two
different ways - either by 4G if the
telecommunications network allows
it, or by Ethernet connection through
the customer’s network. The data is
gathered by the gateway in packets of
a few seconds before being transmitted
to the cloud server. If the connection
does not allow it or in case of network
loss, the data is stored on the gateway
until the network is restored and it
can be transmitted again. This data is
transmitted in a raw state. No algorithm
calculations are performed by the
gateway or the master node. This only
starts when the data arrives in the cloud.
The volume in the acquisition system is
thus limited, reducing the risk of data
loss.
Specific calculation algorithms
Once the data has been transmitted to
the cloud via the 4G network or Internet
connectivity (see figure above), specific
calculation algorithms are used to
calculate the static deformation at all
points on the instrumented structure
and to return the dynamic quantities in
real time.
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Measurement of static deformation
The NEURON system benefits from
know-how resulting from over ten
years of research at the CEA, which
has led to the patenting of algorithms
for which MORPHOSENSE holds
an exclusive licence. Measuring
the static deformation of a structure
allows for the bending and traction /
compression to be monitored based on
the estimated tilt of each measurement
node in the NEURON network and
the reconstruction of the global
deformation at all points. Estimating
roll (rotation around an axis in the plane
perpendicular to the earth’s gravity) is

used to monitor torsion phenomena on
the instrumented structure.
The NEURON system can be used to
monitor the foundations of structures
such as wind turbines by tracking their
heeling and rolling.
The MORPHOSENSE algorithms have
been validated on test benches in
comparison with other technologies
(e.g. eddy current measurement). These
tests have confirmed the excellent
measurement
accuracy
achieved
by MORPHOSENSE, with accuracy
for static measurements to less than
0.1 mm on maximum deflection (see
figure below).

Figure 3 : Reconstruction

of spatial deformation of a beam on a test bench and comparison
with an eddy current reference system (red dot).

Convergence measurement is used
to monitor the radial deformation of
circular structures such as tunnelboring machines, dam penstocks or
tunnels.
Monitoring
particular
structural
elements on tunnel-boring machines
helps to anticipate the risk of the
machine becoming jammed.
Ovalisation and the ultimate
deformation levels of dam penstocks

are a direct reflection of the structural
health of these critical components.
Convergence measurements provide
information
about
the
absolute
displacement between two opposing
points on the circular structure.
Therefore there is no reference point
or calculation of the angle difference
between two moments in time.

28

Dynamic measurements
Due to the nature of the NEURON
system
sensors
(accelerometers),
it is natural to measure all physical
quantities (vibrations and accelerations)
that are useful for dynamic analysis. It is
therefore possible to monitor vibration
levels by frequency range and to
monitor structural health continuously
in real time. In 2019, a patent was
filed for the “dynamic deformation”
measurement used to calculate
vibration displacement over an entire
structure using the NEURON system.
Measured resonance frequencies are
often very difficult to monitor because
detection of peaks can be complicated
to locate due to significant fluctuations
in spectra when measuring at ambient
temperature. Algorithms for the
innovative detection of resonance
peaks and a spectral analysis were

created in collaboration with the CEALeti. This analysis is based on the
electronic background noise of the
sensors in the NEURON network and
on the ambient vibratory background
noise of the instrumented structure and
its environment (seismic activity, wind,
traffic, etc.). This analysis is used to
estimate tri-axial dynamic deformation
i.e. to know the vibratory displacement
levels. This information is usually
complicated to obtain, particularly using
double time integration methods, the
performance of which is not stable over
time. Thanks to the NEURON system,
modal analysis is deduced directly from
the resonance frequency analysis. The
modal deformation and frequencies can
thus be reliably and stably monitored
over time. These quantities are direct
indicators of the structure’s health.

Figure 4 : Example of monitoring of different modal frequencies of a structure over time

The use of cloud technologies means
working with the data is extremely
flexible (logs, database creation and
calculation). This makes it possible to
take another look at post-processing
for past periods for specific analysis
purposes (new, more developed
processing or identification of an
“unusual” context after the event)
without affecting the proper functioning
of the monitoring system in real time.

Also, with a dashboard that can be
accessed by Internet, it is possible to do
real-time monitoring.
Identification of one-time threshold
exceedance for particular events
contributes to more effective decisionmaking, and for predictive maintenance
action to be taken, for example.
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IV. SOLUTION
Create the Digital Twin based on the NEURON system.
MORPHOSENSE has extended its monitoring solution based on the NEURON
system, designed to capture static data (3D geometric deformation) and dynamic
data (accelerations, impacts, frequencies and natural modes), with its new Digital
Twin solution. This solution is based on merging data captured by the NEURON
sensors with a 3D digital model of the instrumented structure. Synchronisation of
the static and dynamic data produced by NEURON, the accuracy and stability of
the data, combined with the interoperability function means all the data from offthe-shelf sensors (weather stations, strain gages, crack meters, lidars, cameras,
etc) can be integrated - leading to the creation of a real-time Digital Twin providing
the fatigue data and remaining service life of the structure equipped with the
NEURON system.).

sss
A/ FLEXIBLE,
robust instrumentation
which can be integrated
 S
 oftware integration: simple operation
and integration into a higher-level
monitoring system, including the
possibility of contributing to system
control via the recognised universal
SCADA format.

The instrumentation can be defined
according to two main areas:
adaptability and performance.
The solution’s adaptability is a
reflection of the ease with which it can
be integrated into the environment of
the customer’s structure.
It has the following basic sub-features:
o Ease of integration at all levels:
 Mechanical integration: the ease of
installation, which must not modify
the structure’s integrity and must not
impact operation.
 
Logistical integration: the ease of
deployment which must not require
specific qualifications or training.
Deployment must be possible by the
technicians and operators already in
place.

o Flexibility is the ability to adapt cheaply
and effectively to uncertainties and
operational constraints which are often
impossible to anticipate (real sensor
layout plan, unpredictable cable route,
remote location of an acquisition
cabinet, etc.).
o Robustness reflects the ability to
operate the solution with continuity
of service including in sometimes
complex
operational
conditions
(submerged
system,
polluted
environment, confined space, etc.).
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The performance of the solution is
defined on three levels:
o Observability reflects the ability to
measure the indicator requested
by the customer by observation. In
addition to the physical difficulties, the
indicators previously listed are rarely
observable from a single measurement
point or through a single phenomenon.
Observability requires measurements
to be possible at different points
(multiple points or spatial distribution
of measurements). It also requires
the interoperation of heterogeneous
measurements (interoperability and
integration of already existing sensors)
and the integration of calculation
algorithms to merge the data and
convert it into operational indicators
(algorithms, artificial intelligence).
o Accuracy summarises the precision
of the indicator at a given moment
and its stability over time and in its
environment. This performance can
be broken down into several separate
aspects, each of which is essential:
 Synchronisation:
merging
multipoint, multi-sensor data requires a
synchronous solution for which all
the data has the same time base.
Desynchronisation
automatically
results in significant uncertainties which
influence the indicator being evaluated.

Metrology: measurements produced
by the instrumentation system must
comply with the required performances
to achieve a sufficient degree of
accuracy (precision and stability) for
the observable indicator to be deemed
reliable and efficient. Any inaccurate
measurement inputs obviously have a
direct impact on the uncertainty of the
indicators ultimately estimated.
 Stability: the stability of the abovementioned
synchronisation
and
metrology properties over time and to
external factors (impacts, temperature,
immersion).

o Economic performance means the
calculation of the gain for the customer,
integrating the benefits provided by the
solution in comparison to competitor
solutions and the sacrifices imposed
on the customer.
In light of these requirements, the
solution must be constructed on wellthought-out, adapted hardware and
software architectures which are tried
and tested by its applications.

B/FATIGUE CALCULATION
thanks to the Digital Twin

The solution must be constructed on
well-thought-out, adapted hardware
and software architectures which are
tried and tested by its applications.
It is not always necessary to validate
all of these requirements to access a
particular indicator over a short period
and in a specific context.
However, to assess fatigue, the entire
Digital Twin “chain” is required, from
measurement through to fatigue
estimation.
The main aim of the Digital Twin - already
stated above - is to create a digital
avatar of the real structure. This avatar
is constructed from a 3D digital model,
the “adjustment” parameters of which
are calibrated by measuring the sources
and the static and dynamic responses
of the structure. This includes all of
the constituent indicators listed above.
The resulting avatar will provide the
behavioural differences with the initial
3D model and will enable the fatigue of
the structure to be assessed in real time
by monitoring the excitation sources. In
this way, the Digital Twin is contributing
to the development of the profitability
market, as the main longstanding
operators in digital simulation have
demonstrated its operational feasibility
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over the last few years. It is a cuttingedge technology which needs to
be supplied with adapted, highperformance data according to the
above-mentioned requirements. In
conclusion, the challenge facing
managers of energy infrastructures
has gradually developed from “simple”
measurement of the performance
of their facilities to estimating their
economic profitability.
The solution to this dual problem
is distributed, reliable, stable, costeffective measurement which can
estimate fatigue and therefore the
profitability of the energy infrastructure.
These system parameters are complex
to measure and require the deployment
of a solution combining adapted highperformance hardware and software
architectures to host state-of-the-art

model/measurement mergers.
The Digital Twin is a booming technical
and scientific field(1). By definition, the
term covers the creation of a digital twin
for a structure based on:
o a 3D digital simulation of the structure
o measurements of excitation sources,
also called “loads”
o measurements of the structural
response
The Digital Twin makes it possible
to go beyond standard monitoring
based exclusively on sensor data and
which does not include merging with
a 3D model. Standard monitoring is
very effective to detect anomalies
but does not allow this anomaly to
be characterised and therefore does
not offer the possibility to provide the
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architectures to host state-of-the-art model/measurement mergers contributing to the creation
of the Digital Twin.
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manager of the structure with efficient
information to optimise maintenance
operations and the related costs.
Moreover, access to certain data (such
as stress within a structure) cannot be
measured directly. Only the Digital Twin
allows this parameter to be deduced
and ultimately to estimate the fatigue of
the structure.
The “fatigue” parameter is essential,
being the only indicator of the real age of
the structure. The two proposed values
related to knowledge of this parameter
are the extension of service life (real age
< theoretical age) and maintenance cost
optimisation (real age > theoretical age).
Because the Digital Twin is the ultimate
tool to extend the service life of
structures and for maintenance cost
optimisation, it is a booming research
field.

The figure on the left page illustrates the
summary of a market survey conducted
by MORPHOSENSE in four areas
where the need to know the fatigue
of a structure is underpinned by major
economic stakes:
Digital Twin markets: ‘Extension of
service life’ and ‘Maintenance cost
optimisation’.
There are currently no integrated
standard
Digital
Twin
solutions
effectively
merging
both
the
measurement and simulation aspects
on these four markets. There are
internationally recognised operators
for monitoring on the one hand and
for 3D modelling on the other (ANSYS,
CATIA, among others). The lack of a
standard integrated solution is linked
to the technical sophistication required
to set up a Digital Twin, whatever the
structure, and the absolute necessity of
having reliable, accurate, stable data.

OIL & GAS: 1,5 Mds€
15 000 plateforms
10 % already in life extension situation
Source : Evolen

HYDRAULIC : 500 M€
2 300 dams in France: 25% aged more +70 years
150 privatized operations
(Loi FR 03/2019 following Brussels directives)

EOLIEN OFFSHORE : 500 M€
Optimization of maintenance costs
Source : Guidelines and Cost Benefit Analysis of the SHM
Implementation in the offshore Wind Turbine
support structure

CIVIL ENGINEERING: 15 M€
15 000 critical structures around the world
1% under increased monitoring
Source : IMGC
1. Source : The white paper by F.Chinesta [1]
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The main difficulties lie in the need to
simultaneously control:
o t
he measurement technologies
(sensors, acquisition, transmission,
calculations)
o
the 3D modelling of the structures
(sensor density, interfaces, boundary
conditions)
o the phenomenology of the excitation
sources and their measurements
(wind, swell, pedestrians, etc.).
The issue of the Digital Twin therefore
merges sensor technologies, models
and calculations which must all be
perfectly mastered - particularly with
regard to the uncertainties - in order
to supply reliable, robust fatigue and
service life indicators (see [1] and
Figure 2 page 36).

The disruptive, patented MORPHOSENSE
NEURON technology significantly
contributes to the Digital Twin
paradigm. The NEURON provides
real-time, continuous, synchronised
measurement of the static and
dynamic behaviour of structures. The
NEURON also interoperates with all the
sensors measuring the supplementary
parameters
(local
measurements,
environmental measurements such as
wind, swell, etc. i.e. generally linked to
the excitation source of the structure)
thus enabling a synchronous, uniform
data flow. This makes NEURON
technology ideally placed to access the
Digital Twin (see Figure 2).
The goal of MORPHOSENSE is to
demonstrate the excellence and
leadership position of its technology in
the Digital Twin market segments.
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Diagram of the Digital Twin in a general
context. Based on the static and dynamic
responses of a structure, sources of
excitation and a 3D digital modal of the
structure, it is possible to calculate the
fatigue for the structure and thus deduce
its remaining service life. Estimating
this parameter depends on the quality
and control of the entire uncertainty
chain which is fully optimised thanks to
NEURON technology.

[1] F. Chinesta and al., Virtual, Digital and
Hybrid Twins A new paradigm in databased engineering and engineered
data, Archives of Computational
Methods in Engineering, 2018.
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V. CONCLUSION
The market for structural measurement
is booming. For decades and up until
very recently, this market was stable
around traditional techniques limiting
the offer to structural monitoring.
Monitoring
a
structure
involves
measuring and monitoring indicators
which reflect its structural health. The
recent significant upturn in this market
(+25%/year) is underpinned by the new
value proposal offered by the Digital
Twin which at last opens up the way
to fatigue measurement and hence
enhances the cost-effectiveness of
instrumented structures.

departments. The Digital Twin is also
a means to optimise the operating
plan, either by securing a service life
extension plan or by using the structure
intensively and optimising its costeffectiveness, in full knowledge of its
structural health.
The Digital Twin therefore forms the
basis for predictive maintenance and
the cost-effectiveness strategy for
structures linked to energy.

To achieve this, the instrumentation
must work hand-in-hand with the
development of finite element models
in order to effectively pave the way
for the Digital Twin of the future. This
white paper has underscored the
disruptive advantage of the NEURON
monitoring system and its AXON
Digital Twin solution for the monitoring,
operation, risk management and
cost-effectiveness of structures in the
renewable energy sectors (offshore Gas
& Oil and wind power, hydropower, etc.)
and in civil engineering.

The aim of MORPHOSENSE is to
demonstrate
that
the
NEURON
monitoring system is THE standard allround solution providing all the relevant
structural indicators for the construction
of the AXON solution with an efficient
Digital Twin thanks to real time,
continuous, synchronised, accurate,
robust, comprehensive data and its ease
of deployment. Based on our experience
in monitoring with our NEURON system
and our understanding of customers’
needs, we are proud to provide our
know-how for the construction of a
comprehensive integrated solution for
the MORPHOSENSE Digital Twin of the
future, AXON.

Today, operating these structures,
particularly in the renewable energy
sector, is subject to the constant
pressure of costs. The recent innovative
efficient Digital Twin solutions make it
possible to optimise maintenance costs
and provide indicators which contribute
to the strategic decisions and actions
of the operation and maintenance

Finally, to quote Florence Lambert,
Director of the CEA-Liten Institute and
an international expert in renewable
energies:
“The MORPHOSENSE
NEURON / AXON technologies are
absolutely necessary to encourage the
integration of renewable energies in the
energy mix and speed up the energy
transition”.
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“

Because we have
a background in instrumentation,
we understand the importance
of data processing in order to use
the data for calculations,
3D models and Digital Twins

„

MORPHOSENSE represents the future,
let’s build it together!
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TESTIMONIES

Yves Masson, expert in hydromechanics, CNR
« We were looking to develop a predictive maintenance method on lock
gates when we met MORPHOSENSE through the CEA-Leti in 2019.
By installing their NEURON monitoring system on the downstream gate
of the lock at Avignon (France, Vaucluse), MORPHOSENSE enabled us to
industrialise our monitoring. This consists in monitoring the behaviour of
these locks in real time, by monitoring their structural deformation.
From the start, the many constraints linked to the operation, maintenance
and environment of the gate required close collaboration between
MORPHOSENSE and the customer company. In the operational phase,
MORPHOSENSE responds daily to even our most diverse questions.
By experience, this service seems to me to be one of the few, if not the only
one, to offer an efficient, high-performance turn-key system to monitor the
behaviour of a hydromechanical structure ».
CNR is the concessionaire on the Rhône river for the production of
hydroelectricity, river transport and agricultural uses, and is the leading
French producer of exclusively renewable energy.
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Thierry Lora Ronco, expert in vibrations and loose parts
detection, EDF Hydro General Technical Division
« The EDF Hydro “One river, one region” agencies encourage the development
of companies in the economic perimeter of the valleys where hydroelectric
power is produced. One of the strategic focuses involves promoting young,
innovative companies seen to be promising with the engineering entities of
the EDF group to facilitate exchanges and potential partnerships.
As my job consists in measuring vibrations on equipment used for electricity
production to assess its behaviour and to identify possible failures, one of
these agencies put me in contact with MORPHOSENSE. Their innovative
system to measure dynamic deformation in large structures had the
potential to address the needs we encounter on dams, penstocks or valves
on the river. This led us to install a NEURON system on one of the penstocks
of a hydroelectric power plant in the Tarentaise valley in the Savoie region.
As our entity specialises in measurement and expert assessment based on
measurement data, we are used to using the measurement data generated
by the systems we purchase ourselves. MORPHOSENSE therefore offered
an engineering service based on its sensors rather than a complete system
with a related maintenance contract. Based on the exact need we stated
(static deformation, vibration, movement, longevity, etc.) MORPHOSENSE
established the processing to be performed using its measurement system.
We then developed a specific coding together.
All things considered, I would say that the reliability and robustness of the
sensors made a particular impact during these time-limited services and
they were quick to install. The ability to synchronise the measurements from
several nodes using a single optical fibre was also noteworthy ».
The EDF Group measurement and expert assessment unit DTG
(Direction Technique Générale - General Technical Department) provides
consultancy services to the operators of electricity production structures
(hydroelectric dams, nuclear power plants, thermal power plants).
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Lucas Alloin, mechanical engineer, ENGIE Green
« We experimented a new approach with MORPHOSENSE in 2019 which
involved fitting two onshore wind turbines in the Hauts-de-France region
with instruments.
My first observation was how easy it was to install the system. Small magnetic
sensors measuring only around ten centimetres connected together and to
an acquisition unit which synchronises the measurements. These sensors
were installed in the space of a single day on the first wind turbine then in
half a day on the second one. They enable us to monitor the deformation of
the wind turbine structure in real time with a single cable centralising all of
the sensors.
This system has proved to be an excellent source of information to monitor
the fatigue and stress on the structures and to be able to model this
monitoring ».
Resulting from the merger of specialised pioneering subsidiaries in the
wind, solar and marine energy sectors, ENGIE Green offers innovative
mixed approaches adapted to each region. Together, its teams cover a
comprehensive range of key expertise for the creation and performance
of farms.
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Nicolas Fady, researcher, Cerema
« The Phare de la Jument lighthouse at Ouessant in the Iroise Sea is an iconic
site in Brittany. Standing out in the ocean, it has been buffeted by the waves
for over a century. How can we guarantee its durability? With France Energie
Marine, we had started to assess it using initial experimental sensors when we
discovered the MORPHOSENSE offer. We then doubled up our experimentation
chain to have two sources and be in a position to compare them. We are
currently in the data collection phase. Measuring the dynamic behaviour of the
lighthouse and also the swell in order to know the force moving the lighthouse
will not only be useful for this exceptional building but also subsequently for
offshore wind turbines.
Measuring the swell remains a difficult challenge. It requires cameras to
reconstitute a 3D image by stereometry, then accelerometers, sensors and
weather stations connected to the optical fibre with an acquisition unit to
collect and process the data. This equipment enables us to characterise the
swell according to its frequency, its curvature and the way in which it breaks.
It goes without saying that the equipment needs to be robust and simple to
deploy! MORPHOSENSE, which procured the equipment and its measurement
chain for us, processes the data. We had an uncomplicated relationship and
smooth cooperation with this company right from the start ».
The Cerema (Centre for the study and expertise of risks, the environment,
mobility and planning) is a French public institution providing support for
public policies. The Cerema has cross-cutting, multidisciplinary expertise
to contribute to the challenge of sustainable regional development in
France.
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Frédéric Cogo, chief engineer, CEA-Leti
« At our research centre, we have installed sensors to measure the
deformation of the arches holding up the roof of a building housing a
clean room, the CEA’s “aircraft carrier”, so to speak. This monitoring is of
considerable importance.
Half a day was all it took to set up the equipment. What is more, the sensors
can be moved. This ease of installation and flexibility is almost its most
innovative aspect. It is particularly important in the configuration of our
site, especially on metal structures like these. Other systems would have
required more time and would have been more costly and more uncertain ».
The CEA-Leti, a technology research institute at CEA Tech, is a pioneer
in the fields of micro and nano technologies. Its multidisciplinary teams
deliver solid expertise for applications ranging from sensors to data
processing and high-performance computing solutions, leveraging worldclass pre-industrialisation facilities.
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GLOSSARY
o Acceleration
	
Acceleration is the quantity that
represents the speed change of an
element. It is expressed in m2.
o Acquisition rate
	The frequency at which the system
acquires data.
o Bending
	
Orthogonal force to the structural
element.
o Buckling
	
Buckling is a phenomenon of
instability of an elastic structure
which, in order to escape a significant
load, uses a mode of deformation
which is not requested but which
opposes less stiffness to the load.
o Calibration
	Determination of the physical behavior
law of sensors in thermal, mechanical
and vibratory environment.
o Conditioner
	Conditioner is a electronic device for
amplifying and digitizing analog data.
o Convergence
	Variation, as a function of time, of the
structure’s diameter, subjected to
peripheral loads.
o Deflection
	Maximum of deformation.

o Dynamic deformation
	Deformation induced by a so-called
dynamic source / load (shocks on a
civil engineering structure, wind and
swell for an offshore wind turbine,
etc.)
o Global deformation
	
Deformation of the full structural
element, opposed to the local
deformation (scale sub-centimeter)
o Hydrostatic pressure
	Pressure induced by the water load
on a structure.
o Hysteresis
	
Property of a system for which
evolution does not follow the
same path depending on whether
an external cause increases or
decreases.
o Inertial unit
	System measuring 3D orientation and
3-axis acceleration.
o Modal deformations
	Natural deformation of the structure
at a given natural frequency.
o Predictive maintenance
	Maintenance based on a prediction
system: the system indicates the
maintenance to be carried out in
anticipation of a future failure.
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o Radial deformation
	Deformation according to the radial
axis of the structure.

o Torsion
	
Variation of angle
longitudinal axis.

o Residual lifespan
	The remaining life of an operational
structure.

o Translation
	Moving an object without rotation.

o Resonance
	
The resonance of a structure is a
mechanical phenomenon for which
the structure performs periodic
oscillations. The frequency of such an
oscillation is called natural frequency
or modal frequency.

around

a

o Triaxial gyrometer
	
Sensor measuring angles variations
along the 3 axes.
o Tri-axis magnetometer
	
Sensor measuring the ambient
magnetic field projected along the
3 axes.

o Roll / Pitch / Yaw
	3 Euler angles that allow to calculate
any rotation in space.
o Static deformation
	Deformation induced by a so-called
static source / load, the variation of
which is considered as slow (trucks
load on bridge for example).
o Stress
	
Mechanical stress represents the
sum of forces that apply to a material
or a structure. It is homogeneous to
pressure and is expressed in Pascals.
o Tilt
	Angle to Earth’s gravity.
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