1 METHOD OF SIMULATING OPERATIONS OF NON-DESTRUCTIVE TESTING UNDER REAL
CONDITIONS USING SYNTHETIC SIGNALS Field of the Invention This invention relates to a
method of simulating non-destructive testing under real conditions using synthetic signals. This
invention uses operations of non-destructive testing. It is classified in the category of simulators, on the
same principle as operations simulators, such as flightisimulators or nuclear power plant control room
simulators, but it is applied to operations of non-destructive testing. Prior Art The prior art contains
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Detection (POD) associated with an mspectron procedure. The current approach,

which is completely experimental, is a very expensive task (costing around €200,000)
that requires the manufacture of a large number of parts containing representative
defects in order to establish a detection statistic by analyzing the results of
inspections carried out by a set of inspectors.

Methodologies for establishing POD curves that use simulation data are being
studied, but they still suffer from not factoring in human behavior, which may have a
significant effect on the detection statistic (fatigue, access, reading the screen,
interpretation/diagnostic, etc.).

A corollary need is that comprised of quantifying the detection performance of
automatic diagnostic software.

The prior art contains a second need, related to the training of operators on
the complicated operations of performing non-destructive testing on representative
parts. The significant cost of aerospace parts and the difficulty of creating realistic
defects and varying their characteristics (geometry and position) makes it difficult, if
not impossible, to train operators under operating conditions. A simulator would
therefore make is possible to train non-destructive testing (NDT) inspectors under
realistic conditions and to submit them to a broad variety of operations incidents and
defects. This could significantly improve the reliability of inspections and ensure that

procedures are properly followed.



There is a technique in the prior art for estimating Probability of Detection (POD) curves using an
experimental approach. The estimation of POD curves results for the statistical analysis of results
of inspections on a set of representative defects in the structure targeted by the procedure. The
defects in the sample must be distributed over a range of sizes that covers the defect sizes that will be
very rarely detected and the defect sizes that will very parely be missed. We get data that
expresses the result of the inspection (quantitative or binary) based on the characteristic size of the
defect (Figure la). Afterriataarsist@arbenawe@ weageabstinves Ukgdtye ane mfﬁ‘dgwreot bmplemERgrgiatistical
representativity criteri requires ha er of structure les. The recommendations
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covers the defect sizes that will be very rarely detected and the defect sizes that will
very rarely be missed.

We get data that expresses the result of the inspection (quantitative or binary)
based on the characteristic size of the defect (Figure 1a). After statistical analysis, we
get curves like the one in Figure 1b.

The statistical representativity criteria requires having a large number of
structure samples. The recommendations from MIL-HDBK-1823 (available at
http://mh1823.com/mh1823/MIL-HDBK-1823A(2009).pdf) are for at least 60 structure
elements containing defects, plus about 15 clean samples to test the false positive
rate.

The prior also includes estimates of POD curves based on simulations.

Some research work conducted recently have made it possible to implement a
methodology for using simulated data for the POD estimation.

The methodology consists of defining uncertainties on the parameters used
as input for the simulation software for the testing operation (ex. CIVA) in order to
simulate the variability on the inspection results (the outputs of the simulation).

The current solutions have the following limitations:

e On one hand, the completely experimental approach is extremely

expensive and limits the amount of data available in the statistic and/or the
representativity of the samples used for the testing campaign (ex. use of

cuts instead of panels mounted on the structure).



To this effect, this invention concerns, in its more general sense, a method of simulating
non-destructive testing using at least one probe, characterized in that it comprises the following steps:
a measurement for inspection parameters, linked to the position of said probe in the space; and a
generation of synthetic signals corresponding to an operation of nondestructive testing. According
to an embodiment, said generation of synthetic signalssis partly conditioned by a configuration
generated by a configuration generator that consists of a virtual structure model. Preferably, said
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said synthetic signals are simulated and/or modeled. According to an embodiment, said synthetic
signals are a combination3P'¥aEa <5 EaMaHY ﬁBgsPB]?erﬁ%'HH%cd'E@'ﬂ%\lg’%dosﬁ%%ﬁdaﬁﬁafoﬂnodeled
signals. 4 According éedene hanitsatt eynvhatibititg imeliseasatpueasured on the concerned
structure areas, taking into account information related to the real positioning of said probe in the

space.
Description of the Invention

This invention intends to remedy the disadvantages of the prior art by
proposing a method of simulating non-destructive testing using synthetic signals.

To this effect, this invention concerns, in its more general sense, a method of
simulating non-destructive testing using at least one probe, characterized in that it
comprises the following steps:

e a measurement for inspection parameters, linked to the position of said

probe in the space; and

e a generation of synthetic signals corresponding to an operation of non-

destructive testing.

According to an embodiment, said generation of synthetic signals is partly
conditioned by a configuration generated by a configuration generator that consists of
a virtual structure model.

Preferably, said virtual model of the structure is completed by the introduction
of defects and/or by the modification of the properties of the structure elements.

According to an embodiment, said synthetic signals are measured signals.

According to an embodiment, said synthetic signals are measured and
modified signals.

Advantageously, said signals are modified according to a weighting, according
to a time-based amplification, and/or according to a transfer function.

According to an embodiment, said synthetic signals are simulated and/or
modeled.

According to an embodiment, said synthetic signals are a combination of:

¢ measured and possibly modified signals; and

e simulated and/or modeled signals.



Advantageously, said synthetic signals are measured on the concerned structure areas, taking into
account information related to the settings carried out by an operator. According to an
embodiment, the measurement of the inspection parameters related to the position of said probe in the
space is carried out by means of a simple encoding. According to an embodiment, the
measurement of the inspection parameters related to the position of said probe in the space is carried
out by means of a simple optical encoding. According to an embodiment, the measurement of the
inspection parametersaetatamdgo thedesitian-et saidiprepaatibesspage isreantiedsduédyomegas of
devices |nclud|nc%lg¥?rloscoop§s. his |nvent|0{1 also regates to a evice fordrrpprlgmentlpog Eng rpeeg]hod
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problem); It varesotieegparameters on demand related to: i) the defects: position, geometry ii) the

structure itself: variab_lg\gp&q;m%sl%%_tgr%@&m%iﬁi ?I%%B'%%ﬁ&%%rﬁ{f &ﬁ%ﬂﬁ&ﬁe@ﬁ&?%?&rﬁé‘?&%nce of a
steel fitting among a line of titanium fittings, etc. i) the inspection: disruption in the parameter values
for an operator f@8fRshi tfespogjtion of said probe in the space is carried out by means of a simple

encoding.

According to an embodiment, the measurement of the inspection parameters
related to the position of said probe in the space is carried out by means of a simple
optical encoding.

According to an embodiment, the measurement of the inspection parameters
related to the position of said probe in the space is carried out by means of devices
including gyroscopes.

This invention also relates to a device for implementing the method mentioned
above.

The following are the advantages of the method according to this invention:

o It has only one representative structure (potentially in real conditions),
except from defects. The defects are introduced in the simulations by the
configuration generator (virtual model), and the operator can inspect the
structure N times with N virtual defects that are different and/or positioned
in different places of the structure;

e It provides signals from the real information returned (ex. ultrasonic
coupling problem);

e It varies the parameters on demand related to:

i) the defects: position, geometry

ii) the structure itself: variable thickness on the opposite side, presence
of stiffeners, abnormal presence of a steel fitting among a line of
titanium fittings, etc.

iii) the inspection: disruption in the parameter values for an operator

response test.



Brief Description of the Drawings The invention will be better understood with the help of the
description, contained herein purely for the purpose of explanation, and an embodiment of the
invention, with reference to the figures, in which: Figure la illustrates an example of Probability of
Detection (POD) data, and Figure Ib shows a POD curve; Figure 2 is a block diagram of the method
according to this invention; and Figure 3 illustrates some examples of synthetic signals. Detailed
Description of the Embodiments of the Invention As part of this invention, a solution is proposed,
this solution being to oeerieEBONPIRSIIGCHVE Bestiing(NDT) simulator in which the operators really
carry out the inspection, but interpret synthetic signals. The signals carried out on the screen of a
piece of testing equipment (with a PC) are called synthetic insofar as they are not (exactly) the signals
recorded by the acquiditienimerationtivélinserurater uweldrtoedensigntis, fiehexdntpte dasayifieon,
measured signalgdRaPHErEl B e eiaNAlade o URlabath s aRad ABAEA AN rieansfer

function, etc.); simulated and/or modeled signals; a combination of measured (and possibly modified)
signals and sim{IeEPMIYEILaTeIgRSTC the Higides dyWaishould be as realistic as possible and
correspond to signals thatregurdre angasiies o tbrastiietufePaspasiieg nsfeDresktiaki(ROmp @gapunt the

following information: the a{r({:‘cﬂ:%%sfgi%iglgoc\;\}‘stgepgst%% Iri\pet;he space; and

e Figure 2 is a block diagram of the method according to this invention; and

o Figure 3 illustrates some examples of synthetic signals.

Detailed Description of the Embodiments of the Invention

As part of this invention, a solution is proposed, this solution being to create a
non-destructive testing (NDT) simulator in which the operators really carry out the
inspection, but interpret synthetic signals.

The signals carried out on the screen of a piece of testing equipment (with a
PC) are called synthetic insofar as they are not (exactly) the signals recorded by the
acquisition card of the instrument used.

These signals, for example, may be:

e measured signals;

o measured and modified signals (ex. weighting, time-based amplification,

transfer function, etc.);

¢ simulated and/or modeled signals;

e a combination of measured (and possibly modified) signals and

simulated/modeled signals.

These signals should be as realistic as possible and correspond to signals
that can be measured on the structure areas concerned, taking into account the
following information:

o the real positioning of the probe in the space; and

e settings carried out by the operator (details).

Figure 2 is a block diagram of the method according to this invention: an
operations inspection is carried out. Depending on the parameters related to the
operations inspection (settings, position of the probe, measured signal, etc.) and
depending on the definition of the geometry of the structure and the current

configuration (defect(s) introduced by the configuration generator), synthetic signals



settings carried out by the operator (details). Figure 2 is a block diagram of the method according
to this invention: an operations inspection is carried out. Depending on the parameters related to the
operations inspection (settings, position of the probe, measured signal, etc.) and depending on the
definition of the geometry of the structure and the current configuration (defect(s) introduced by the
configuration generator), synthetic signals 6 are genemated. Depending on the inspection response
(signal, value, mapping, etc.), a decision is made, either by an operator or even through software, and

finally, a diagnosiécgerprded Thepeyiaing b signaispeenenashonay hagalapeadingrpiieiestng
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synthesis associated with the inspection, [%arameters including the probe) and defects; and the
establishment JPIRE P LPERUIEN B BEHGdI? (i té‘@(fSn'% Pt ﬁﬁﬂufﬁggsi%f&l’stﬁn%%gh the
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‘configuration generator” which consists of a virtual model ) of the structure, this DMU being able
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structure elements (thicknpssspheatsiraesioriiopédnedigverse side, and material). This element is
comparable to the softwarES element that changes the gar_ m%;t%r.s of a section in videgggames. A
n
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operation, particularly the probe’s number of possible positions: moves along a plane: two

possible positions, so simPREaEMRIGHNGTE Efo SEHRLTBFEED Ve BRBIgKEaYoNn generator (virtual

model and defect(s)).

The generation of the synthetic signals is conditioned by:

o the measured inspection parameters;

o the configuration generated by the “configuration generator” which
consists of a virtual model (DMU) of the structure, this DMU being able to
be completed by the introduction of defects and/or by the modification of
the properties of the structure elements (thickness of parts, geometry of
the reverse side, and material). This element is comparable to the
software element that changes the parameters of a section in video
games.

A third important element to be implemented from the invention relates to the
communication between these three subsystems to ensure a fluid display of synthetic
signals on the screen.

The measurement of the “sensor positioning” parameters depends on the
complexity of the inspection operation, particularly the probe’s number of possible
positions:

o the probe moves along a plane: two possible positions, so simple

encoding is enough (automata with two axes);

¢ the probe moves over an uneven surface but cannot pivot, and its rotation
does not influence the measurement: simple optical encoding can be used

to determine its position (x, vy, 2);



the probe moves over an uneven surface but cannot pivot, and its rotation does not influence the
measurement: simple optical encoding can be used to determine its position (X, y, z); 7 the probe
moves in the space with many possible positions (X, y, z, RX, Ry, Rz): sophisticated devices, including
gyroscopes, can be implemented (ex. cameras and optical markers on the probe, etc.). Other data can
be used as input for the synthetic data generation model, such as: the parameters for the device
settings, which can be retrieved directly on the device's acquisition card; real measured signals (or a

portion of dth?m), Whifch Catnéllmlb@l ﬁ%rﬁ'fé/fnf tﬁh@eﬁ;ﬁb{c@m\ﬂﬂe savicpssamielipbigbaard, he, rx, f
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signals displays are those that are actually measured. e signal synthesis is very useful in
musical acousti®s; such as for digital instruments. Two such approaches have been developed. In the

first, the digital instrumentiplaggariheepseieanedacvietespinisdiinm adaiabese walasriteyeoerate a
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database; Another step consists of generating synthetic signals that correspond to the
non-destructive testing (NDT) operation that the operation is in the process of
carrying out. These signals are displayed in real time (or controlled deferred) on the
screen of the inspection device.

Thus, the operator has the impression that the signals displays are those that
are actually measured.

The signal synthesis is very useful in musical acoustics, such as for digital
instruments. Two such approaches have been developed. In the first, the digital
instrument “plays” the prerecorded notes picked from a database so as to generate a
realistic acoustic signal, and in the second, the synthesized signals use simulated
signals by using physical instrument models.

By the same principle, signhals corresponding to the response to a non-
destructive testing (NDT) operation can be synthesized. The most analogous
example relates to ultrasound inspections that supply acoustic sonogram signals of
structures. However, the concept can be extended without restriction to
electromagnetic or even radiographic signals

The synthesized signals can, for example, be generated by using:

e previously measured signals recorded in a database;

e simulated signals;

¢ a combination of real and simulated signals, particularly using a simulated

defect response that is then integrated into a real signal;

e signals (real or simulated) that are processed (ex. filtering for porosity);

and/or

e an interpolation between two signals (real or synthetic) so as to closely

reproduce a lack of clarity, such as alongside defects.



simulated signals; a combination of real and simulated signals, particularly using a simulated defect
response that is then integrated into a real signal; signals (real or simulated) that are processed (ex.
filtering for porosity); and/or an interpolation between two signals (real or synthetic) so as to closely
reproduce a lack of clarity, such as alongside defects. 8 Figure 3 illustrates examples of synthetic
signals. This signal synthesis makes it possible togosition "virtual" defects at any location of the
structure, and with any possible geometry. The link between the inspection parameters and the

synthetic signal is proviggeesanpistioycdsingnipiaestiopedriicegaauipped with a PC that can establish a

direct link between: t acgwsn,on C d the (fl(%\sncl: forgb?gstun%gst e pgl?rmon OJeTe sensar in the
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operator and thipeAtoR GFdhecsit ldévteeaﬂfhvb@ inpleaseitlediesueetas to automate the input of the
inspection results (detgglonnmpelifedd. and fizfdliohNisdRiR@elyityeamae é%fr%lgﬁd 8yihe graphical

user interface (GUQ of the measurement device. This invention can be use manufacturer
implementing nBFRYEEEHGLROY @%ﬁ'ﬁﬁ]?N'ﬁ?fﬁqoé\/%VW?rﬁﬂﬂW&%H"f@ﬁlﬁ&é@ﬁiéﬁ%}%ﬁ B¥bBerators,

for the purpose dfect link between:

e the acquisition card;

¢ the device for measuring the position of the sensor in the space;

e the virtual model; and

¢ the signal synthesis module.

Optionally, interactivity between an operator and the measurement device can
be implemented, such as to automate the input of the inspection results (detection,
amplitude, and sizing). This interactivity can be provided by the graphical user
interface (GUI) of the measurement device.

This invention can be used by any manufacturer implementing non-destructive
testing (NDT) or even by training and testing centers for NDT operators, for the
purpose of:

e carrying out estimations of Probability of Detection (POD) curves under

realistic conditions and at a low cost;

e setting up and improving inspection procedures;

e training NDT operators; or even

o certifying NDT operators under operating conditions.

The method according to the invention can also be used to evaluate the
diagnostic performance of analysis software using the generation of synthetic signals
having variable defects (synthetic mapping).

The invention is described above as an example. It is understood that those
skilled in the art can create different variants of the invention without straying from the

context of the patent.



carrying out estimations of Probability of Detection (POD) curves under realistic conditions and at a
low cost; setting up and improving inspection procedures; training NDT operators; or even certifying
NDT operators under operating conditions. The method according to the invention can also be
used to evaluate the diagnostic performance of analysis software using the generation of synthetic
signals having variable defects (synthetic mapping). 9 The invention is described above as an
example. It is understood that those skilled in the art can create different variants of the invention
without straying from the context of the patent. 9 CEANMES 1. A method of stimulating non-destructive
testing using at least one probe, characterized in that it comprises the following steps: a measurement
for inspection parameters, linked to the position of said probe in the space; and a generation of
synthetic signals cdrre8pmethag tof astivéatinn montieatiostivectiostingstisinane iteasatane piesurement

for inspection parametersdinkemioithempaiiand raislarghesisthe space is carried out by means of
devices including gyroscopes. 2. A method according to claim 1, characterized in that said

generation of synthetic® sigh2183S eIy 105 HFRE AR NALAEYHRGur G JerBERRF Y™ YoPifuration
generator that consists of @obruatistrepicee anadel. 3. A method according to claim 2, characterized

in that said virtual model of the StrlthtUI‘ef is com leted bpé the introd%ction of defects and/(?r t%%the
i . [ ? %en]g{ﬁ |on[ O1_syn IC Slﬁ{]a corresponding fo an operatlon o1 non-
modification of the properties of the structure elements.
destructive testing
and in that the measurement for inspection parameters linked to the position of

said probe in the space is carried out by means of devices including gyroscopes.

2. A method according to claim 1, characterized in that said generation of
synthetic signals is partially conditioned by a configuration generated by a

configuration generator that consists of a virtual structure model.

3. A method according to claim 2, characterized in that said virtual model of the
structure is completed by the introduction of defects and/or by the modification of the

properties of the structure elements.

4. A method according to claim 1, characterized in that said synthetic signals are

measured signals.

5. A method according to claim 1, characterized in that said synthetic signals are

measured and modified signals.

6. A method according to claim 5, characterized in that said signals are modified
according to a weighting, according to a time-based amplification, and/or according to

a transfer function.

7. A method according to claim 1, characterized in that said synthetic signals are

simulated and/or modeled.

8. A method according to claim 1, characterized in that said synthetic signals are
a combination of:
¢ measured or possibly measured signals; and

e simulated and/or modeled signals.



4. A method according to claim 1, characterized in that said synthetic signals are measured signals.

5. A method according to claim 1, characterized in that said synthetic signals are measured and
modified signals. 6. A method according to claim 5, characterized in that said signals are modified
according to a weighting, according to a time-based amplification, and/or according to a transfer
function. 7. A method according to claim 1, charactanzed in that said synthetic signals are simulated
and/or modeled. 8. A method according to claim 1, characterized in that said synthetic signals are a
combination of: measpureg-taaossdalyiine &s Wiekhsig \lsiragccreirablatied andipamedeigghsignals. 10
9. A method aceerding lo clam 4, 5 P gharagierized n hat sald sytthetig signals aremeggured on
the concerned Strlicture areas, anng iftb atcount Information reiated 1o the rea positioning of said
probe in the spatiermatipn. ralairstiothadestdiogjtiondigint 3ai8 [Bobe M itlesp@terized in that said
synthetic signals are measured on the concerned structure areas, taking into account information
related to the settings carried out by an operator. ~ 11. A method according to at least one of claims 1

to 10, characterizednAHBE R ACCUHBMOEIBIHE MPeionDaranaiard BIfRLSY Y BBsHfon of
said probe in theigmasedsecaneasuoed byrmeensohcesirplatandodingreas,1 2alingeititod @amoanding to at

least one of cIagmgrpn(tjqi(;Tpr&%@@qﬁig%gt%gga&n%mwgmgﬁr%;p_e inspection parameters

related to the position of said probe in the space Is carried out by means of a simple optical encoding.

11. A method according to at least one of claims 1 to 10, characterized in that the
measurement of the inspection parameters related to the position of said probe in the

space is carried out by means of a simple encoding.

12. A method according to at least one of claims 1 to 10, characterized in that the
measurement of the inspection parameters related to the position of said probe in the

space is carried out by means of a simple optical encoding.



