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Overview of CIVA 2025

Developed by
CEA and its partners Cea
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CIVA 2025
i CIVA

Next major release expected for summer 2025 '
N:D-= 2025

A wide range of evolutions in the different modules:
ur |l ut W owr er ff T [ R
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The roadmap of future developments will be provided tomorrow (CEA presentation)
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| What’s new?

Main topic :

—-

Ultrasonic Testing

Beam Computation Sensitivity Coverage

Finite Element *j AUT Pipeline ‘:]

Computation

Parametric Study

Inspection Simulation

Composites ﬂ

POD, PFA & ROC

ND= oz New FEM Perspective

Weld modelling and complex Materials

New Probe and wedge options

New Defects

Batch Manager

New Beam simulation options

»» CIVA USERS
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CIVA UT - FEM

. CIVA is now (also) a Finite Element Software!

* |t's not an add-on:
Directly available for all CIVA UT users with CIVA 2025 release

= Dedicated tile in UT desk to access CIVA FEM environment

Finite Element :I

Computation

= Modules within Finite Element perspective: -
= FE Beam Computation m

= FE Inspection Simulation

= CIVA

ND= 205

Finite Elements

= Compatible with generic CIVA features
(Parametric study, POD, Batch, CIVA Script)

: =XT= ‘
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—Li CIVA UT - FEM

. CIVA UT’s most used and historical models are Semi-Analytical (SA):
Pencil, Kirchhoff, GTD, SOV, etc.: A mix of geometrical (ray-based), integral and analytical approaches
Fast and reliable computations in many cases .... but semi-analytical models have some limits,

Thus, Finite Elements models have already been implemented several years ago:
Hybrid approach using pencil method (SA) for the beam propagation,
and Finite Element (FE) local box around the interaction region:

CIVA Athena 2D : Add-on feature based on EDF code ATHENA 2D
FE Interaction grid: Specific flaw type within CIVA UT

| New FEM modules:

“Full” Finite Element modelling:

The entire scene is modelled using FE, including
the wedge-coupling to specimen refraction area

Only the source field and propagation
in the couplant and wedge volumes remains SA

=XT=|ND=
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| FEM Module — Benefits:

Full Finite Element Simulation in 2D or 3D : FEM is widely recognized as a reference numerical method

CIVA UT - FEM

Validating semi-analytical models and exploring beyond their limits:

Handling complex welds and materials (strong anisotropy) Unique
Avoid Ray/Beam artefacts and
Beyond the limits of semi-analytical flaw responses (small features vs wavelength, around critical angles, etc.) Required

Better understanding of beam interaction phenomena

User’s experience:

Unsetting

=XT=IND= Powerful Reassuring and Essential
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—Li CIVA UT - FEM

' FEM Module — Scope: Same User Interface, same panels

Geometries: Planar, Cylindrical (single/multi-layer), Welds, 2D CAD, Homogeneous and Heterogeneous
(“2.5D like” geometries: no 3D CAD, no nozzle,...)

Materials: All Isotropic and Anisotropic materials
(except composites). Account for attenuation

Probes: All (except EMAT)

Flaws: Planar rectangular, Side-Drilled Hole, FE Interaction zone, Defects drawn in 2DCAD editor

' m — — | 2DCAD flaw
. / _ _7_ _ ___ _ ' P | FE Interaction .
.'I Grid S _ T
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CIVAUT - FEM

FEM Module — Simulation settings:

New “philosophy” compared to SA models -> easier settings

No need to choose UT modes and computation
models : All acoustic phenomena are simulated

Mesh is defined and generated automatically

Pay attention to:
Gate is required = Observation time

Auto gate feature: Using the selected mode

And/or “manually”, using ray-tracing and 3D view

ROI (Region Of Interest): Will adapt the mesh for a
given use case (Automatic ROl available)

Meshing type selection (‘Tri’ advised)
Checking tools : Absolutely necessary

Double-check your settings and visualize the mesh !

/) i
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Options  Gates

FEM options
Computation dimension * 2D (" 3D
Damping model Mone "
™ Take into account the back material
I Element type {unstructured mesh) @ Tri & Quad " Mixed I
Modes (visualization / estimation)
Mode L @ T (" L+T
Skips number {max) i}
Gate l
Il | Y
Tmin {visualization only) 3434 s
Tmax (computation and visualization) 75 ws
Estimate gate
ROIL I'
Definiton  Full
+ Custom
Dimensions | Sampling
Xzone 102 | mm
Yzone 17.6 | mm
Zzone 59.387 | mm
Positioning options
Mechanical link  Specimen -
Positioning  In the inspection plane "
Local cartesia dinate Center coordinates (C)
X 43 | mm X 174 | mm
z 20.306 | mm Y 50 | s
Rotation
Rotation around ¥ 0| deg
Estimate ROL
Scene pre-analysis and mesh display
{* Current position = =
¢ All positions I Mesh level 1 Mesh level 2 ]




P

CIVA UT - FEM

. Automatic meshing of the entire scene using the ROI feature:

= Orange meshing: Thinner mesh for accuracy around flaw(s), discontinuity(es)
= Green meshing: Simplified mesh (when relevant)

= Blue meshing: “Damping” mesh (“Absorbing conditions”)

_ Bottom medium properties can be considered
=XT= ‘ (Blue meshing below the specimen)
ClV A
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CIVA UT - FEM

. Example cases of improvements brought by FEM Module:

= In strongly anisotropic/heterogenous/complex materials:

Example given through an austenitic weld
- More accurate beam deviation
(especially for qT waves)
- Might help better understand beam propagation

through anisotropic materials
& P Anisotropic Weld
(Semi-analytical)

Anisotropic Weld

e (FEM)
: . Q =XT=|ND= 3
it CIVA USERS CIVA
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CIVA UT - FEM

. Example cases of improvements brought by FEM Module:
= Better modeling of creeping/surface waves phenomena

T60 refraction angle: Creeping waves for T30° incidence on vertical flaw (corner echo)

Flaw response

Creeping wave is generated and
Y interferes with the T-corner echo

/ it CIVA USERS
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CIVA UT - FEM

. Example cases of improvements brought by FEM Module:
= Better modeling of creeping/surface waves phenomena

Creeping wave generated at the back wall reflection

Flaw response

/
30150 {20190 80 §0 §0 40 30 30 4o 0p 18

Creeping wave at back wall

. . =XT=
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CIVA UT - FEM

. Example cases of improvements brought by FEM Module:
= Better modeling of creeping/surface waves phenomena

Around 1st critical angles : Generating L waves at « 90° »

T and L waves interfere.
Creeping wave under surface

ff \/ / page 13
COMMUNITY EVENT '



CIVA UT - FEM

. Example cases of improvements brought by FEM Module:
= Better modeling of creeping/surface waves phenomena

Around 2nd critical angles : Rayleigh waves

Rayleigh wave propagating Flaw response
under surface

SCANNING {mm

TIME (s

EET
(ap) S3ANLAdWY

_O40p070.80 30 1000 10 |
-

page 14
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Li CIVA UT - FEM

. Example cases of improvements brought by FEM Module: y
Better versatility than FE Interaction Grid feature: FE Interaction grid

Profile and
flaw drawn
' “by hand”

Easier setting and variation of parameters: — f:::%
No need to draw “manually” -

Complex specimen geometries can be parameterized using
CAD and parametric geometries

Flaw positioning / orientation can be parameterized /

FEM /
Flaw can also be in the specimen CAD model / /
Still possible to use FE Interaction Grid in FEM / /
Meshing visualization

COMMUNITY EVENT
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CIVA UT - FEM

. Example cases of improvements brought by FEM Module:

= Cluster of flaws

= 2D CAD flaw (example of a ‘fishplate hole’) = Lateral waves in TOFD, better amplitude accuracy

Lateral wave

. | =XT= \
/ 253 CIVA USERS Cl VA page 16
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CIVA UT - FEM

. Example cases of improvements brought by FEM Module:
= Beam interaction with flaws:

- Visualization of beam/flaw interaction
(ex: multiples skips on a cluster of flaws)

- Shadowing effect from flaws

-

page 17
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FEM Module — Synthesis:

A new reference tool helpful for validation and tackle new application cases

CIVA UT - FEM

First release of CIVA UT FEM: Of course, it will continue to evolve !
Transmission applications
Complex materials: Composites materials, Heterogeneous concrete materials
Other geometries
-- > Future of CIVA, see CEA presentation tomorrow
Computation performances:
2D calculation time remains really reasonable (but generally longer than 3D SA simulations)
3D can be “really” long (even if competitive compared to general purpose FEM software)
To be used for tailored target cases, not yet suitable for large scale simulations or parametric studies
Optimization will come
High Power Computing solutions will come in the near future (service, with add-on CIVA features)

=XT=|ND=
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CIVA UT — Complex Weld Modeling

Current methods in CIVA 2023:

Unidirectional anisotropy in a
given volume

Ogilvy

(parametric anisotropic
orientation welding)

COMMUNITY EVENT

Geometry Material Additional components HAZ

I~ Homogeneous

:: Isotropic

[ Volume #3 :: Isotropic

Properties Orientations Attenuation / Structural Noise Visualizatig
Specific law parameter:

Law type

Name|Name =
Type | Parametric anisotropic orientation (Welding) v|
.. |Simple
D=ty Palycrystalline

Mapped anisotropic orientation (Welding
Parametric anisotropic orientation (Welding)

Ogilvy

¥ Symetrical

T 1 51
D 2 mm
Alpha 20| deg
Eta 1 5L
Weld coordinate system

X 0 mm
¥ 0| mm
I 30 mm

Orientation o -°

|
(e BE00800CCANRANEE0E

=y

—

Z

Specimen Probe Inspection Array Simulation settings Run
Options | Ray path display

Options Modes Time of Flight
Trans./Recept. ~ | [~ Angles Computation options r 0 ps
[ Critical rays I Distances
[~ Back to probe | [ Mirror ™ Round-trip

[ Specimen ¥ Truncate "




CIVA UT - Complex Weld Modeling

New method in CIVA 2025:

MINA

(Mapped anisotropic
orientation welding)

New approach:
Acoustic properties computed
from the
welding process definition

COMMUNITY EVENT

Al ] |~
File
Geometry Material Additional components HAZ
I” Homogeneous
[ volume #1 :: Isotropic
e [@{volume #2 :: Mapped anisotropic orientation (Welding
[ volume #3 :: Isotropic
Name|Name =
Type |Mapped anisotropic orientation (Welding) v|
DY Polycrystalline
Properties Orientations Mina Attenuation / Structural Noise Vista e s e IR e AU S o)
Parametric anisotropic orientation (Welding)
Cartography Definition Mina ~
Map positioning
Angle 0| deg
X 13.3236-15 | mm
Y 25| mm
7 14 | mm
Map size
Smooth Parameter
I 2| mm |__\
Z
Specimen Probe Inspection Simulation settings
Options | Ray path display
Options Modes Time of Flight
Trans./Recept. ~ | [ Angles Computation options -~ r 0={us

[ Critical rays [ Distances

I Back to probe | [ Mirror ™ Round-trip

™ Specimen ¥ Truncate




CIVA UT — Complex Weld Modeling

File

| NeW Ta b (( Mina )): Geometry Material Additional components HAZ
Passes parameters definition

[~ Homegeneous

:: Isotropic
Volume #2 :: Mapped anisotropic orientation (Welding
[2] volume #3 :: Isotropic

Calculation

d o | . t. Name| Name =
a n VI S u a Iza IO n Type Mapped anisotropic orientation (Welding) w
of weld mapping penety 22 g
Properties Orientationsl Mina |Attenuati0n [ Structural Noise Visualization
Overlap and slope settings for passe Welding description summary
RupPetioyes E Layer Nb Passes Diameter  Pattern Description
Lateral covering 30| % 4
Vertical covering 40| % 16 3 1.0 USRight
15 3 1.0 USRight
Theta B 7)° 14 3 1.0 USRight
s @ 5] e 13 3 1.0 USRight
12 3 1.0 USRight
Discretization 1 mm 11 2 1.0 Right
10 2 1.0 Right
9 2 1.0 Right
Edit passes pattern 3 2 1.0 Right
e 7 1 1.0 Left
alculate Orientations 5 1 0 Left
3 1 1.0 Left
F3 2 10 Rinht

=XI=ND=
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CIVA UT - Complex Weld Modeling

Properties Orientations Mina Attenuation / Structural Noise

Overlap and slope settings for passes

I Number of layers 17 ISI

Lateral covering 30 )%

Vertical covering 40 § %

Theta B 71°

Theta C s)°
Discretization 1 ymm

_Edit passes paftern |

Calculate Orientations

Manual entry of layer description

Layer Nb Passes Diameter

Description

MRl R M wwww | w B

Automatic entry

Increment Diameters Maotif 1 Maotif 2
1 2| Left ~ | | Left ~
Right ~
LML
THHT

COMMUNITY EVENT

—

Parameters: -

Number of layers
Lateral and vertical covering Ry =L

Tilt angles :

Op : edge angle
Og, : other edge angle
(for asymmetrical weld)

0. : center angle

Discretization (d)
Electrode @
Editable passes patterns

T 1

¥ d

(left, right, manual...) z
=XT=|ND=



CIVA UT - Complex Weld Modeling

Weld orientation mapping

Sequencing of passes and angle theta

30
251

20 -

€
E

15

/ -
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Grain orientations in the weld

180

160

140

1120

1100

180

1 60

40

20



CIVA UT — Complex Weld Modeling

| Beam computation examples:

Homogeneous medium Ogilvy MINA

| Also available in Inspection simulation, both in UT-SA and UT-FEM

. . =XT= ‘
%--:;EE::-- CIVAUSERS CIVA page 24
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— CIVA UT - Anisotropy definition

Anisotropy can be now defined from a list of velocities versus angle
rather than Cij elastic coefficients:

Easier input parameters for users, can be based on measurements

Can be adapted to define slightly anisotropic materials
such as TMCP steels (Thermo-Mechanical Controlled Process) pipe

For “2D” anisotropy, i.e., “Transverse isotropic” materials

o" . ”n Q0 . .
CIVA computes the “equivalent” Cij matrix <T8][ % Sovmem e
Type Plug-In ~ 1
Plug-in selection  ElasticityFromAngularvelocity ~ Description Restlt
Name|Homogeneous materil
Density 7.8 g. fm'3 Properties Attenuation / Structural Noise Visualization
- . Symmetry Tricinic
Allowed elasticity variation range 25| % Y S L
Optimization model Transverse isotropic - 271518 112798 111774 o 0 0 Y Plane
. 113.798 271.518| 113.798| 0| 0) 0)
Svmmetw = t X 111.774 113.798| 271.518| 0| 0 0)
fe] Y 0 0 0 84.279 0 0
. Z 0] 0 Ld 0 79.872] 0f
Out of plane longitudinal velocity 5900 | m.st 0 0 0 0 0 84.279)
Out of plane shear wave velocity 3200 | m.st 2
Angle Velocity +
50 3185 |
55 3100/ | | ¥
60 3200 4+
X Plans

=XT=|ND=
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CIVA 2025 - UT

| Other new features in CIVA UT:

Top
view
* Probe/wedge:
. . o Bott
- Cyllnd rlcal LO Wedge Wedge Shape " Rectangular (% Cylindrical
- Beam projection on the top surface on the component:

TRL probes : Better understanding of transmitted beam

(Beam can cross the acoustical separation,

rotation of the elements can prevent that)
Top
view

(imwm

page 26

Beam projection on top surface

ND =

CIVA

/ a2y CIVA LS =XT=
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| Other new features in CIVA UT:

CIVA 2025 - UT

Wedge GUI | '< poe

Probe/wedge:
New Wedge definition : o | e

Allows users to place the probe’s active elements
in relation to the first’ element

\ E !
\ i 1 —
Hy ’H QAR e |1Ps
» = 1 1
H\ ! \ [ Al+A2
WIDTH \ ! N
H <
.

BL & N\/,.4 DEPTH

£-R

Configuration  Beam exit point + First element

Acoustical/physical separation in TRL probe wedge (=PS in GUI)

=XT=|ND=
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Other new features in CIVA UT:

CIVA 2025 - UT

Flaws:

Rectangular Triangular

“Complex” Notch:

Rectangular, Triangular, Elliptical, Pencil profiles
Follows specimen profile
Considers intersections with the specimen
thncal ‘ Pencil

FE Interaction Grid:
Now available in heterogeneous specimen

Extension follow along cylindrical curvature

=XT=|ND=

FE Interaction
Zone

COMMUNITY EVENT
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CIVA Analysis — TFM Stacking plugin

available in CIVA UT Analysis available from the

VK

. New
88E 00

DGG@U@B.... -8 -0 0d

Modéle |I[ nfig_s] | Bl [confia_s] | M [Confia_s] | M (B4) [Config_s 1|

k|
:

| Create 1 TFM image from a (probe scanning) with controlled

X (mm) X (mm) X (mm)
X (mm)

{wun Z
(wun Z

(ww) 7

page 29
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Fichier et F Template  Info

UBEUORa0R0a @ ®

Limitations

Signal Sélection Table & Rapport

5888 P OR(r 1= Mol =] | 2Rgia N

- [] *Config_stacking_76.civa

Images :TFM Stacking

@ TScan

E Colonne Echodynamique
@ Echodynamique Temps
@ AScan

0 Vue 3D

T Vues Pigce

Vue cité

Vue cité section

Vue dessus

Vue dessus section
Vue face

Vue face section

Desk | ] Mocéle | Bl (85) [Config_s] | I [Config_s]

[Config_stacking_76.civa]

R0 00 10

(5.BZB.0T.0 5.0

1782

.“ll _" '“""'“'“' Tz

c Amp. -22.3| dB ~  Amp. Max abs. 5| dB ~ X

E Profondeur 17.82 mm ~  Profondeur (Max) 46.53 | mm b ¥

o ven | nl z
PROFONDEUR

synchronisation curseurs
{* Pigce vers acquisition
" Acquisition vers piéce
 Manuel

CVUIMIIMIVIYIL T D YEIvl

[CREERRNRELT




CIVA Analysis — TFM Stacking plugin

I compared to other views (specimen and cumulated views)

= All give similar visualization

= TFM Stacking generates a

- Possibility to export stacked data (txt, hdf5) - Access to sub views and cursors

- Optimized for large acquisition files - : Access to merge strategy (max, min, mean)

< (mm)

M -',::... ~IVA lICEDC | —XT
‘ ezt CIVA USERS C | V A page 31
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W Wavenumber : Dispersion (AS5)

W Energy velodity : Dispersion (A5) Eaorx

CIVA GWT

4,0
4,0

TEqUINIZAE

Guided Wave Testing module:
Still structured with 3 main simulation tools:

EEEDT

Mode computation: Dispersion curves for a given component geometry and materials

Field computation :

Uz component -Guide 1

Flaw-free simulation considering GWT probe transduction: Emitted modes,
displacements in the component section

Inspection Simulation : Echo received from discontinuity(ies):
Flaw, geometrical change (section, junctions, weld, etc.)

|||Iu E'

GWT =) TT RT
x
== NN e

Guided Waves Testing

Beam Computation Maodes Computation Inspection Simulation

Batch Manager

Parametric Study POD, PFA & ROC

page 32
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CIVA GWT

| Surrounding media can be accounted for in Field Computations:
= Used to be limited to mode computation (or just inner fluid in a pipe for field and inspection simulation)
= Now available until field computation for plates and cylindrical components, both external and internal media

= Applications :

" # Internal :: Fluid

- Buried pipes, filled with water

- Plates inside fluid environment

Mame | Cement

-

page 33

Specimen lEnvianmentl Probe Inspection Array settings Simulation settings Run
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| Surrounding media can be accounted for in Field Computations:

= Used to be limited to mode computation (or just inner fluid in a pipe for field and inspection simulation)

= Now available until field computation for plates and cylindrical components, both external and internal media
= Applications :

- Buried pipes, filled with water

- Plates inside fluid environment

| Fluid layer bounded by solid « plates » : Available all the way to Inspectlon Slmulatlon

[Configuration] Gate (Z) (E16) : AScan X [Configuration] Gate (I) (D12) : 3D Vie

= Defined through 2D CAD junctions TIVE ()

= Bounding plates can have
an irregular profile

o ip

Pitch-Catch Configuration

No Flaw
With Flaw

“E0U0 §0 40 30

Auﬂﬂ QA vAﬂﬂi{a‘

: [Configuration] Gate (Z) (D12) : 3D View

(ap] s3anLNdAY

-~ Solid Layer
Fluid Layer TN

Z0 40 §0 90 930
by
Ny

Solid Layer

10 08

) iy ] ’
%*" s CIVA USERS | ]



| Solid Inclusions (Inspection Simulation)
= Can be defined in 2D models through 2D CAD junctions (already available in CIVA 2023 SPx)

[Configuration] Gate

rﬂv r+x

= Also available now in 3D models (2D CAD section component)

yf:ﬁ;is;:g CIVA USERS !

COMMUNITY EVENT

40 0p

20

£0 -0 40 30

-190-150 2000 80

,,,,,,,

No Flaw
With Flaw

(8r) S3ANL1AY
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| 2D CAD heterogeneous component : Available all the way to Inspection Simulation (2025 SP2)
= Used to be limited to mode and field computations
= Applications:
- Complex assembly made of different materials
- Coated pipes (and possibility to simulate any types of flaws)

| ) : =XT= N-D-E‘
V?:’-FEESE;E: CIVA USERS CIVA

COMMUNITY EVENT
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CIVA GWT

2D CAD heterogeneous component : Available all the way to Inspection Simulation (2025 SP2)
Used to be limited to mode and field computations
Applications :
Complex assembly made of different materials
Coated pipes (and possibility to simulate any types of flaws)

2D CAD component with anisotropic materials: Available in Mode computation

Anisotropy used to be limited to planar and cylindrical components

Frequency (MHz)

Applications: - - -

—
]
-
@
2
H
[
2
2
E
X
100116 [

Complex component sections (such as Rail track)
with anisotropic properties

75

Validation case on a bilayer component made of
2 Transversely isotropic materials

0

20
=

AR

001 o.din 0020 ffics] 040 0050

/

b il 0020 [iEN] 0da0 0050

Frequency (MHz) Frequency (MHz) L

04 |@ | po
Soi2)g ( pO0. 25

Normalized Frequency Q2

A

i
4000

0.0

s
=5 TLILL/PE) J8GLINUEA.,
| 2,000
[ —
| —
=
() Bus e

/) i B -
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CIVA GWT

Performance improvement
Faster computation times for inspection simulations
Can go up to a factor 2 (depending on computer and case)

/ THHHE sectorial flaw

A few test cases CIVA 2023 CIVA 2025
performed at CEA
Tube with Array probe 8 12’13” 11'28"
éléments
Groove geometry without 1’51” 1’03”
flaw
(planar extrusion)
2D Cad junction with flaw 2'32” 144"
(planar extrusion)
Rail example — Pulse Echo 3’05” 1’50
Weld with flaw 22” 20"
(cylindrical extrusion)
Rail example — Pitch-Catch 9’21” 628"
3 layers cylinders with 10° 2H6’52” 1H42'14”

COMMUNITY EVENT




CIVASHM .

7 N !
| SHM module (Structural Health Monitoring): 4\1 / ‘ APEREEEE LT R
= Structured with 2 main simulation tools: e
- Mode computation: Dispersion curves for a given component geometry & materials / /\\\ - ="=
- SHM Simulation :
. Echoes received from the network of sensors with/without defect(s)

. “Tomographic” imaging reconstruction on 3D view
- Full Field animation available in external VTK viewer (Paraview Bridge)
. 3D FEM approach

ur GwWT ET TT RT @ C Y A
é ﬁ 0y .i‘ ND = 2025

Structural Health Monitoring

SHM Simulation Modes Computation

Parametric Study POD, PFA & ROC Batch Manager




Gate (Channels) (B1) : AScan Channel
TIME (us)

RAPID (Peaks)

| New « flaws » :
= Flat Bottom Hole

=
Ao =

‘Geometry Positioning

Type Erosion -
shape | Eliptic -
Rectangular
Custom

Ly

Y

RAPID (Peaks) (B3) : CScan (i

= Erosion/Corrosion flaw
in all structures
(including multi-layers)

= Other defect types already available in CIVA 2023 : Delamination, Through Wall Hole, Hole with crack, vertical crack, inclusion

= : ixtENDE &

» CIVA USERS CIVA page 40
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CIVA SHM

| Several « Sleeves » can be defined in the model:

On a plate or on a pipe T BT

— .
CHAMNELS ()

S
TIME (us)

= Along X or Y axis
=
——
=]
=
=
= T
2 =
m S
=2 m
S &
i
]
ol —
M 2079 D
CL
] - 9 O
SCANNING (mm N\

0

page 41
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Bl stiffeners

| Several Stiffeners can be defined in the model: b

Specmen | Curvature | Stiffeners | Flaws | Sensorsaray | Optons | Update3d | Run |

Geometry

=) N,

5 suy -I
V::'—?Eas;isr kit

COMMUNITY EVENT

=XT=ND=
CIVA

Orientation | Along X-axis

Position | 100 | mo

Base length (L1) | 10| mm

Thickness Reduction factor (RF) | 0| s.L
Thickness Reduction length (RL) | 0| mm
Vertical length {L2) | 1| mm

Top length (3) | 5| mm

Top radius (R1) | 5| mm

Base radius (R2) | 5| mm

Angle | 90 | deg
|v Positioned on bottom of the plate

Stiffener stratification starts at the ply number | 8|sI

page 42




Several Stiffeners can be defined in the model:

CIVA SHM

CHANMELS ()

TIME (us)

500

(3] S3aNLAdNY

o
=1 —
(== =
= [+]

ey
m
=
m
=
5
o
El
= 2
o
=) I/l\x
=
=
- 710 100 200 a0 3249

i PNy AINIA 1ICFEP
it CIVA USERS

COMMUNITY EVENT

Without stiffener

With 2 stiffeners

o
£
S

=XT=|ND=
CIVA
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| A new « C-Stiffener » geometry is available :
= |n addition to the « Omega » stiffener already available

Geometry
Type |CShape -
|
|
L
L3
_ L1 ] L2
=
RF 1|/ \|
RO
Base length Left (L1) 15| mm
Base length Right (L2) | 15 | mm
Vertical length (L3) | 15| mm
Top length (L4) | 10| mm
Position | 150 | mm

. ) B =XT=ND=
Vﬁ&?;ifff CIVA USERS CIVA page 44
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CIVA SHM

| Sleeves and stiffeners thickness can be reduced on their edges:

= A « Reduction Factor » is applied on a certain length

Geometry
Type Sleeve e
. L
/ \ll:l )
g -t
RL
Orientation  Along Y-axis ~
Width (L) 60 | mm
Thickness Reduction factor (RF) 0.4 5L
Thickness Reduction length (RL) 10| mm = e
Position 150 | mm

L) S1NINIHINI

00 500 1000
—
—
[ ——

fal
—_ |
_ |
—
<]
= |
e
%) SIANLIAY

/ ST
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| What’s new?

CIVA RT/CT

asiiziiin C I VA

ND =205

Radiography - Tomography

RT Simulation

Parametric Study

RT Linear Scan

CT Simulation

POD, PFA & ROC

RT/CT Import

Batch Manager

» CIVA USERS

COMMUNITY EVENT

EXTE‘N-D-E
CIVA

Main topic :

New Physical models

New Defects

Augmented Imaging

Photon Counting Detector

page 46



CIVA RT/CT

Improvements of physical models
New cross sections material database from NIST and ENDF libraries
New RX generator spectrum (from SPEKPY) replacing the previous version

Monte-Carlo calculation (scattered radiation) improved including:

Bremsstrahlung interaction in the specimen (mainly for high energy sources and thick specimen),

E=0
3

X-ray Fluorescence interaction in the specimen (mainly for heavy materials) =

Model optimization for faster convergence through variance reduction,

thus reducing computing time

oo L3
Case Time calculation reduced by: :.H._. - tl ¥

Weld / 1r192 / Silver film 2 V\|\|*

Planar specimem / 450 keV / DR 3 1 * i I

Planar specimen / Co®° / DR 2

Planar specimen / betatron 2MeV / DR 4

Nozzle / 9 MeV / Silver film 4

S i =XT=ND=
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CIVA RT/CT

New types of predefined defects
“Cluster of spherical porosities” and “parametric cracks”



CIVA RT/CT

Augmented imaging:
Specific merge to insert virtual defects into real images
Available for a « simple » RT simulation or using DS module (for machine learning, Al...)
For RT module, prepare a single CIVA configuration with defect and select an experimental image to import

Experimental image Merged images




available a COming 202
CIVA RT/CT

New type of detector

Photon counting detector (PCD): Spectral detector for processing the energy of incident photons improving
the sampling of the X-ray spectrum in multiple energy bins: including a new 3D matrice data set with a
profile in « Energy », Post processing sampling options to modify the energy thresolds (min/ max) to:

Cuts off scattered radiation,

Improve the contrast,

Use the energy discriminating capability of the PCDs for materials separation purposes,
Get better spectral images.

=XT=|ND=

COMMUNITY EVENT



available jp a COming 202
CIVA RT/CT

. New type of detector: PCD
= |llustration: Cuts off scattered radiation

Stainless Steel step wedge (10 to 40mm thickness) New image: nhumber of photons integrated for each pixel
Ir192 source (E,,,, = 612 keV)

Photon counting detector (Al and C front filter)

190
190

190 g0
(5juooyd

1q0 1§0
(5juoroLd

S
AL U L

| A oAt el

T i T1
0 200 400 &0 0 200 400 510

New profile line: number of photons integrated for each energy channel

page 51
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available jp a COming 202
CIVA RT/CT

. New type of detector: PCD
= |llustration: Cuts off scattered radiation

Number of photons integrated for each pixel for all energies

Number of photons integrated for each pixel for energies upper
to 280 keV

Better discrimination of IQls

b gohy
/ .I:!::,:I- |ISE ‘j

VIVA UJS page 52
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available jp a COming 202
CIVA RT/CT

. New type of detector: PCD
= |llustration: Material discrimination in spectral imaging

Cube with polymer inserts
X-ray source (E, ., = 120 keV)
Photon counting detector (CdTe sensitive layer)

Number of photons
integrated for each pixel for
energies from 0 to 50 keV

Number of photons
integrated for each pixel for
from 50 to 120 keV

| Number of photons integrated for
e, IA lICER ‘ each pixel for all energies

COMMUNITY EVENT

page 53



CIVA ET

' What’s new? Main topic :

i CIVA

N-D= 2025

Wider scope of applications for
Steam Generator Inspection

Eddy Current Testing

| tion Simulation (2D
Field Computation nspection c:l‘;u ation ( Inspection Simulation (30)

New Probe Response module

Probe Response Steam Generator Inspection N ew 1 D P I otti n g too I

New features for management of complex

1D Plotting tool Parametric Study POD, PFA & ROC Batch Manager

geometries in Inspection Simulation 3D

. =XT= ‘
%-4! s:r CIVA USERS CIVA page 54
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>

CIVA ET - SG Tube

Module fully based on a numerical method and dedicated to Steam Generator Tube
inspection modelling |

Straight & bended _ y | Expanded zone

parts modelling

LU

=
—=

With additional objects

Foiled plate
AVB | Only for axial probe
Deposit in Civa 2023

______ =XTE|ND=

COMMUNITY EVENT



CIVA ET - SG Tube

' Rotating probes are planned for Civa 2025 . As well as array probes

Simple rotating probe

Transversal rotating probe

Longitudinal rotating probe

' And RFT probes

o
// =

=XTZIND= o

CIVA

+Point

page 56
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. Transversal rotating probe

Transmitting coil

Shielding ring

Conformable probe shape or not

J’/ o

| LD AIVA 1ICED

| LTINS :‘”: \/ A C

: . ! (3] . ] A4 “l "ﬁ“& AW /'J o | ,D

‘ COMMUNITY EVENT

E shape ferrite pot

Receiving coils

=XT=

|CIVA

CIVA ET - SG Tube

Differential and absolute channels

Current Recept
1 +inj
c2 +1 V1. Differential
3 -1
Current Recapt
1 +inj
c2 +1 V2. Transmit 1 — Receive 2
&3
Current Recapt
(o +inj ) _
e V3. Transmit 1 — Receive 3
&3 +1
Current Recept
C1 +inj +1
. V4. Absolute 1
c3
Current Recept
C1
c2 +inj - V5. Absolute 2
c3
Current Fecept
c1
o, V6. Absolute 3
C3 +inj +1 page 57




o5 439E-3 1.3957E-17 15.495E-8 (mv)5.495E-3  20.176E-F (mi)0.176E-3
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CIVA ET - SG Tube

Transversal rotating probe

ND

XT
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' Longitudinal rotating probe

) L]
P’

Absolute and differential channels

Ferrite cores

Transmitting/receiving coils

) . =XT= ‘
#2iin CIVA USERS CIVA

* COMMUNITY EVENT

Current Recept
c1 +inj +1
C2

Current Recept
C1
z2 +inj +1

Current Recept
[ | +inj +1
c2 +inj

Current Recept
c1 +inj
c2 +inj +1

Current Recept
| +imj +1
c2 +imj -1

V1. Absolute 1

V2. Absolute 2

V3. Absolute 12

V4. Absolute 21

V5. Differential
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CIVA ET - SG Tube

Differential channel

Longitudinal rotating probe

23.786E-3
.
8,319

=9.023E-9
|
-8.319

15.62F¢ b, 62E-3

8,80%E-3

-

-15.62E-3

15,62E-3 Y (mV)

20E-3

¥ (mi)

8.809E-3

-

1
1
1
1
e | Y
1
1
1
1
1
1
4
I
|
|
1
E
1
1
1
1
1
| .
1
1
1
1
I
0E-3

OED

-
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/o

Array probe

«23334n  CIVA USERS

* COMMUNITY EVENT

bl ‘CIVA

Axial channels

Circumferential channel

page 61



,.J_

CIVA ET - SG Tube

Circumferential channel

Array probe

100

mm

3.6442E-3
|
20.23

T

2.899E-6
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mim
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205.08E-6 Y (1-3.3433E-3

]
e = e

gy s N

e e e e e A e

™~

e

4.6945E-3

-3.4246E-3

X ()

o
[ il
=

205, 08E-6

¥ ()

=XT=|ND=.

-3.3433E-3

e e e e e m— g

T
d
[l
[}
]
I
I
I
I
}
T 7

T
I
I
I
I
I
I
I
I
I
I
I
I
1
r
-l
-
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

g . Y (S
A 7
’

w
CH
il

4E-3

2E-3

>

e
uH--
ol



. +Point probe

Absolute and differential channels

Currant Rec=pt
1 +inj +1
. G2
Ferrite core
Current Recept
[y |
cz +imj +1
Transmitting/receiving
coils et || e
1 +inj +1
c2 +inj -1

COMMUNITY EVENT

y L1} T| -XT ‘
V «ziiin  CIVA USERS Cl v A

V1. Absolute 1

V2. Absolute 2

V3. Differential
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Rotating probe trajectory
* Probe pressed against the tube inner wall
= Landing algorithm that account for the probe tilting

L, : =XTENDZ
V CIVA USERS CIVA

© COMMUNITY EVENT
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Clogging

= Specific clogging for each foliage

a2ty CIVA USERS

COMMUNITY EVENT

Clogging shape 1

q

Offset on the tube
side is possible

Additional height on
the tube side

Without clogging

Clogging shape 2

bl ‘CIVA

Clogging shape 1

page 66

Clogging shape 2



' Local deposit on tube straight part

With and without
interruption

L, .1 =XT= ‘
%w:?iﬁ:w CIVA USERS CIVA page 67
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Configurable sleeve
expansion

H=0k—

DH
tube

W

=
NN

A

7 ’;’//// AL,

T 7,

w W

! LIVA USEKDS
“© COMMUNITY EVENT
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CIVAET

| Probe Response is now a real « module » in CIVA ET
= It gives the possibility to compute Impedance diagrams of Eddy Current probes versus frequency and lift-off signals
= Was formerly a part of « Field Computation » ...but no possibiity to save your results, no possibility to run batch computations &
= Now available as a real module, a tile that you can access from the CIVA Desk !

GWT ET TT RT
x
== iy e
L

Eddy Current Testing

i CIVA

ND =205

Inspection Simulation (2D

Field Computation
. o)

Inspection Simulation (3D)

Probe Response Steam Generator Inspection

1D Plotting tool Parametric Study POD, PFA & ROC Batch Manager

.
% e CIVA USERS page 69
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| Probe Response is now a real « module » in CIVA ET:

Input parameters are specimen and probe data then:

Probe Response panel : Frequency or lift-off diagrams will be selected with a variation range

ey ]

CIVA USERS

COMMUNITY EVENT

e

Te.

Bl probe Response

File

5000 -
4500 ;
4000 -
3500 ¢

3000 -

(IHz)

2000 -
1500 -
1000 -

500 :

Variable ' Frequency ¢ Lift off I

Frequency (kHz)

2500

- e (kHz)
3 ’ 2 1.566
. 3 2.451
. / 4 3.837
- 5 6.008
' ; 6] 9.406
" 7 14.726]
' / 8| 23.056
. j 9| 36.096
. 10 56.512
3 / 1 88.476
- 12| 138.519
. / 13 216.866
' 14 339.527
;/J 15] 531.566
' 16| 832.223
_,.—/‘ 17 1302.033
10 15 20 18| 2039.881
N® 19| 103.65]

Definition ¢ Manual ¢ Linear & Log
i feasency e
Max frequency 5000 | (kHz)

Mumber of frequencies values 5L

Mode ¢ Impedance ' Mutual inductance
Element 1 N® 1 : Cylindrical coil

- & X+

Element 2 N® 2 : Cylindrical coil

Spedimen

Probe

Inspection

Computation parameters

Probe Response

Run
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Probe Response is now a real « module » in CIVA ET:

= Results can be saved

= A «real » analysis environment is now available with 2 Impedance datasets : Normalized values or in Ohms (same for lift-off signal)

arzitiin CIVA U

COMMUNIT

Desk | I (11) [TR_WithF]

M (32) [TR_WithF]

2 e
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Probe Response is now a real « module » in CIVA ET

Lift-off Signal and Flaw signal can now be superimposed on the same graph
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CIVAET

| A new « 1D Plotting » tool is available :

= A new « WebApp » to analyse eddy current signals curves

ur g 0 R RN B2 o i CIVA

Z QR e & &9 & O DS
-

Eddy Current Testing

Inspection Simulation (2D

Field Computation
. oyl)

Inspection Simulation (3D)

Probe Response Steam Generator Inspection

1D Plotting tool Parametric Study POD, PFA & ROC Batch Manager

CIVA US

COMMUNITY |

i
mumw
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A new « 1D Plotting » tool is available

Easier to superimpose different channels,

Easier to superimpose flaw signals and complete signals

CIVAET

Easier zoom, navigation, scale modifications, offsets, etc.

Eddy Current Signals Plotter I

Amplitude/Phase

COMMUNITY

Sidebar

Files

o

Open Remove File

<File 02b_BobbinCoil_TransverseNotch_Modifier

File Channels

Diff500kHz A

Current Channel

Label
Simulation 500kHz

Balance Calibration Xaxis

Horizontal offset Horizontal step size
- -
10.00 - 0.20

-
Line dash
Showonplot el - solid v

Plots

Auto rescale
> Axis labels

Plot Theme
light_minimal v

EVENI

Lissajous

0.15 7

0.05

Imaginaire (mv)
=
|

-0.05 4

-0.1 4

-0.15

Experimental 100kHz
— Simulation 100kHz
— Simulation 500kHz

: - = Experimental 500kHz

T
-015

——t—T—
0.05

Réel (mv)

01 015

a

Réellmaginaire

0.15 4

014

Réei (mv)
|

=
|

-0.05

-0.1 4

Experimental 100kHz
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- = Experimental 500kHz
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Experimental 100kHz
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- - Experimental 500kHz
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CIVAET

| Complex and 2D CAD geometries : Mesh display

= Since CIVA 2023, Inspection Simulation 3D module can handle 2D CAD and some complex parametric geometries (invariant along Y axis)

= Enables Finite Integration Technique requiring a mesh of the model section | |

= CIVA 2025 integrates the mesh visualization for easier checkings and adjustments

A

T T T T T T e T T T T T T T T T T I T T T T T T T T T I T T

/
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CIVAET

Complex and 2D CAD geometries : External trajectories

L_

File
Configuration positioning Scanning

Type of trajectory
Type of trajectory | Parametric -
Inspection plane nc

Inspection plane ™ Along X direction
" Along Y direction

Instead of parametric « Raster scanning » trajectoris, an external scanning patterne can be loaded

An ASCII files (*.trj) describes probe position and orientation
To help getting the file format, you can first create a classical trajectory then use the “export” menu in the scanning tab

Displacement export

Rotation order XYZ

/) i
COMMUNITY EVENT

=XT=|ND=
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==/ CIVA - POD Analysis

CIVA offers a POD Analysis environment
POD = Probability Of Detection
POD curves relate the detectability of a flaw to its size, or another geometrical parameter linked to its criticality

Ll
Flaws list- Radius

= ]

POD curves capture the impact of NDE variability N
(uncertain parameters) on the ability p
for a NDT process to cross the detection threshold *

40
+H
+ Ht
4+
+H++H

0

Needs quite large data set, well suited for a modelling approach:
Model Assisted POD (MAPOD)

1000

0

Lk

500

50

Defect size

.60 070

o

=XTEINDZS|
/ SHIHE
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| New ergonomy for POD Analysis with new tools and new models:

Available from the desk of any CIVA modules

Available for different types of data :

Field Computation

Probe Response

1D Plotting tool Parametric Study

Ny
»
| ]

CIVA USERS

COMMUNITY EVENT

Inspection Simulation (3D)

Steam Generator Inspection

. Use current configuration

@ Load file

POD, PFA & ROC @ mport POD file (* xis)

° Import MetaModel (*.var)

ks ‘CIVA

CIVA POD study based on a single data set

Import of CIVA metamodel *.Var file: POD analysis
can be resampled on demand and in real time

Import of « any » data (i.e. experimental)
from an Excel spreadsheet
(Signal Response or Hit/Miss data)
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CIVA - POD Analysis

| New statistical « models » available for POD curves:
= Until CIVA 2023, the following models are included:

Signal Response Hit-Miss

Standard parametric models (Military Handbook 1823) (Military Handbook 1823)

Link Functions: Link Functions:
Logit Probit Loglog CloglLog

Floor Ceiling model Hit-Miss
Signal Response or Hit Miss NordTest TR394

Non-Parametric model (DNV Standards)

Based on Kernel regression
(valid for large datasets for each flaw size)

= CIVA 2025 brings new statistical models:
- Floor-Ceiling model: More accurate when data are such that POD does not start at 0% and does not finish a 100%
- Another Hit-Miss model based on NordTest TR 394 technical (reference for DNV standards)
- New Link funq:ions for Hit-Miss model =XT=ND=

% 215 CIVA USERS CIVA

COMMUNITY EVENT
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- [] Wk5-1_HFET_1Mhz_6IP_pod
=% Model (edited)

: @ varmetamodel.var

+-[] POD_SignalResponse (C2)
[ POD_HitMiss {C3)

Easy creation of a
new POD page from
the file manager

All tables and graphs can
be displayed/removed
from the scan explorer

Scan explorer:POD_HitMiss

Parameters

Data table

Data plot

Data plot(T)

Plot of residuals
POD curves

POD2D

- @ Curve of a vs. var

- @ Horizontal Profie
B Vertical Profile

- B PFA

ROC

-3 Om® 0m @

L]

CIVA - POD Analysis

| Better ergonomy of the POD page:

o
0 ] ]
Variables Options Utis Pad % Flaws Length (L} é_ Flaws Length (L)
Number of characteristic values 34| 5L i
Nurmber of samples (fcharact) 20| 5L 2] i 3 i 3
Display ¢ Edit ¢ Table of samples % % % * 13 % % % + jg
+ +
Mode ' Mono POD " Multi POD = IR I+
= TEEAETON |2 TEEAETIN
Randomise all $;g+ I 1+% $;g+ B 1+%
User Description Type Formula =1 % +* + [~ % + + + [~
33 & g + + & ; + +
[l lae-l ol -] inspace(0.2, 3.5) ¥ ; § + § % +
Exponental 0.15+exprmd(50E... RETEF —t ) : L % o4
Prabe Titt normrnd(0, 2 S £3 =1 L £
!F‘a”"w"dthm !””"m”'“ ! IR TR 2’ TR Y 7 I - - R Y I -
Distribution type Exponential ~ O
Interval 0.15 0.5 E Flaws Length (L)
Mean value 0.2 5L B | |
20 o om0
POD parameters definition , Access to the different statistical
1
then « Apply » models
x
—> No need to create a « New page » .
)
S 200 b N ' ‘ ; ' ; N
g . . . . . . ‘.
E .
=} 0
2 T R 1S
EI.IS 0.2 0.25 0.3 0,35 0.4 0.45 (L ]
‘Walue of sample
Apply = .
h2 10 2h 3h 35
Thresholds <> Statistics R Horizontal cursor <B> Vertical cursor <> Statistical tests <E>
Detection 20 % POD model * Parametric " No parametric Confidence level 95 % E] 1.046 Quadratic residual  41.0356-3
| Ref Value 500 |pts Parametric mnde\‘HtML;; v| 90 (% | |POD 100 |%
T Link Function _|5ia- Rep. B 1.462 POD, ¢ 100 |%
bl
Em‘ X Tranform HitMiss NT-TR394 Feanf 1.525

[ Floor Ceiling a 0B 1



POD, PFA 8 ROC

« 2D POD »:

CIVA - POD Analysis

Only a « beta » version was available until now

Possibility to plot a POD curve versus two characteristic criteria (i.e.: Length and Height, or Size and Position)

Selection of 2nd
parameter and
number of samples

v POD 2D

V able X7 - Flaws Height/Depth (h)  ~

PCDs (Map)

O O
POD Extraction of POD profile
ggl vs Parameter #2

80 : : ; : ; :
75 1 [ . . . . / ]
70 : : . ; : :

2.7

24

Number of partitions 20| S.L 0. : : : : /
Apply = ~ :g e : : L
B I+ BlE : : : ' :
s . | ER : : /—/
O = E 50 - |3 | ; ;
N Poda é" s a [ i / '
| D ]y | B A T
a3 - - - R USRI SRR e I © 35 | : . .
- ] o 0 0 e
3:0 ey 25 [ '
| A90/95 | |
27 VS param#2 | SRR i 15 10
: . : : : ] 10 [
2 5 ) . . . . ]
[ : . . ] 15 oM Y 1 15 3 25 3
At N N U N L. ! Flaws Length (L) Flaws Height/Depth (h)
E : E il
" ey i W ] 100 - : : : : : : : -
: \ . : : : : : : ] /r
R ERRE T EERRNIEN S 1 [ s S S S —
L EEEE KRS R S S / e
Q.. i : :
g : : : : : / ! : : Extraction of POD profile
1 = 0 ) . . . . . | . .
20 : : : : : ! : - vs Parameter#1
S e, | ea L L A
2o ! O?D‘S .........................................

Flaws Height /Depth (h)

24 2.6 28 &l 32

I
IJ

q}.? 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Flaws Length (L)



= POD, PFA 8 ROC

CIVA - POD Analysis

PFA and ROC Curves:

PFA computes the Probability of False Alarms based on background noise level and distribution
ROC curve link PFA and POD (for a given flaw size) vs detection threshold

O O

O
=}
POD 2D % Flaws Length (L) 8 Flaws Length (L)
[~ POD 2D 200 = X ¥
Compute PFA & ROC 0
] 1103
¥ Compute PFA & ROC = E 1 1]
Hi
Calibration 1 5z TEIAx
= + EaE=]
: = = =
Type Moise Law ~ — % $ R =1 <
i F0v0* 6]
Law for noise % i it + + = POD C
=
Distribution type Rayleigh ~ =] % ? Flegs * o u rve
‘ i F ¥ + + el
Interv; 0 400 [
nterva - " % g % N
Order Random ~ - = W
T LA =
Rayleigh value 80 51 ™
Vel b3 10 2h 30 35 p 20 EXil 35
Nominale value 0 5L o O
HEEE e 0007 - - B IEEREEEEERE L R : —
O+raylnd(80, 0, 400) ] —
N H T ] i .
ol POD(a) and PFA -
| 0006 - f- - -4 ] »
s g vs Amplitude 2
E = ) i = )
2 g 0005{-f-----[F-----\ -~ h h I £
: 5 and Threshold E | | |
2 E = a5 i
E 5 i | i c . . .
3 1 EEEE R L S, I S I I B T 0,003 s B £
= o o
o 5 . . 5 i 2 : : :
i i H . i
/ Noise Distribution £ CoE |
N | e | ROC C
i S0 100 450 200 250 300 350 400 P SR S R urve
Value of sample 1 . f . i .
Apply Yo 150 300 50 500 750807.311 g i5 50 5 &0 75 CORT
Data amplitude False alarm probability (%)
Thresholds fintg Statistics fitg Horizontal cursor pits Vertical cursor <o Statistical tests <0 PFA [ ROC <0
Noise 10| % POD model & Parametric " No parametric Confidence level 95 | % a 1.65 Quadratic residual 66.318E-3 Characteristic 1.65
o Detection 22.63| % v Parametric model Sig. Rep. ~ POD 90 % POD 90.11 |% Determination Coeff. 0.926 Detection 113.131 |% PO D a nd PFA
£ |saturation 2000 % |y Tranform None I E 1.649 POB o 87.03|% | |RMSE R? 57.848 ROC PFA (%) 36.8 %

= El |
- Ref Value 500 |pts - e . onf. 1.682 4] Nnr.malrty ROC POD (y) 89.7 % values
LT D variance
CL ,!l..l-
LTI [~ Floor Celing @ o B 1



CIVA - POD Analysis

| Interested in Reliability and POD?
Join our « Reliability in NDE » training sessions!

In Massy (France): = : Tramlng on
May 13t - 16th, 2025 i b |
(in English) &# :

+ yes In
October 14th- 17t 2025 i
(in French) sl h _“ ..“ .. 5P
PRI o911 :.-:-‘: T =XT=ND:= ,.)"
3 3 ..,‘~ J~-
=XT=|ND=
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N CIVA Script

becomes with |
Drive CIVA UT ANALYSIS without the Graphical User Interface:
Load UT experimental and simulated data
Apply CIVA Template (execute sequence of actions: layout / plugin / signal processing)
Extract results and export images

still supports , With

Process binary files with improved way and extended metadata in Python:
from CivaScript import database_api

CEA’s Notebooks to manage binary files (read, write, export, merge)
New capabilities through *.xml programming
Python version updated: 3.12

=XT=|ND=

L1
L
TN

COMMUNITY EVENT



Data bases & Metamodels:

- Collect data (sim. + exp.)

- Generate metamodels

- Check data consistency

Python Notebooks:

- Customize data sets with Python scripts

Data bases Fusion:

- Merge data sources to increase samples
and / or stack the criterion

Classification:

- Define and assign classes to the indications

- Pre-analyze data on 2D plots

- Train and evaluate Al model

Outliers Detection:

- Single class training to detect outlier(s) case(s)

Prediction Accuracy:

o CIVA Data Science

Simulation © Experimental
2 —
=
tj EddyFi, Olympus,
E;F TT RT
—

TPAC, Sonatest, Zetec
and ‘Plugln’

DS_Export:

- Convert exp. data into binary
file readable in ‘Data bases &
Metamodels’

Python Notebooks

Data bases & Metamodels Data bases Fusion

- Compute a statistical study of prediction of parameter |

Classification

s CIVA USERS

COMMUNITY EVENT

Prediction Accuracy

Outliers Detection

=XT=|ND=
CIVA

page 85



DS

DATA SCIENCE

'~_
&=o

SCRIPT

Simulation

g
E}' TT RT
=y R '

Use the new CIVA Script features in the

various stages of CIVA DS:
* Manage simulation and experimental
results

* Generate and manage data bases

CIVA Data Science

Experimental

EddyFi, Olympus,
TPAC, Sonatest, Zetec

and ‘Plugln’

e

SCRIPT

Data base¢ tamodels

>

DS_Export:

- Convert exp. data into binary
file readable in ‘Data bases &
Metamodels’

Data bases Fusion

Classification

V4 2in CIVA USERS

COMMUNITY EVENT

Outliers Detection

=XT=|ND=

CIVA

Prediction Accuracy
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D S Simulation Experimental
EddyFi, Olympus,

DATA SCIENCE

8 o TPAC, Sonatest, Zetec
and ‘Plugln’

® b
DS_Export:
"""" Python Notebooks “*"1 _Convert exp. data into binary
file readable in ‘Data bases &
Metamodels’

Data bases & Metamodels [l Data bases Fusion

' Edit the database Output with python scripts: 2 e

4 | Database analysis | 1D Database viewer| 2D Database viewer |
: I o : |4
I~ View details Extraction: | O1: 01/20000 [1, 6] M view Tabﬁ o Select [V | Dlzl Save this confiquration Index | Warisbles [ |IYCival| ¥
| b b b + Reducer Max ~ - y
jin] Color  Name MNb. Inputs MNb. Qutputs Mb Sa... Size i - —
Mede Raw v Output Editor *
I Exp_EchodyScan_fl... 1 2 163.539 ko x Index
E 1 2 62,172 ko Compute Metamodel 0
Sirn_DSBWF 5 2 400 553,125 ko| W - Labels 1
5 2 400 553,125 ko 2 T |:|3
Label @ Tag (" Label ¢ Manual a
Sirm_UCWF 5 2 400 553.125 ko f = = 3 g
Sim_noflaw 3 2 400 546.875 ko Tag Before curr{ _ 1
QOutput Editor [ Label *
X1 (X1 X1
Exp_EchodyScan_flaws 01 |01/20000 |01 H . i
Inputs Cutputs 02 [02/20000 |02 | Type Script Python i FDS
I Use Tag Label Shape Data + > g I_ D|Spatd'|
h v s SEEEEESEEEEEEEEEEEER
T 02 |02/20000 [1, 86] [6.9E-3;1.421] =1 [ E Formula P v e
: 2 ««f |inputs = get_input()
" 0.0

-

x1 = get_input("x1")
o1 = get_output("01")
return x1 + np.max(np.abs(o1)) - inputs[0]

&EW exp() loal) log10{) sqr() sqrt))

tan() cosh() sinh() tanh()

sgueeze()

Tryit! || Dispatch

0K Cancel

42
43
44 45 0.279 0.192 page 87
Apply 45 46 0.077

47 0.27 0.2
47 43 0.206

4\\K_
&




D Simulation D Experimental
5 v
S Be @
DATA SCIENCE o i s,
E S TPAC, Sonatest, Zetec
~— and ‘Plugin’

Y

® N
DS_Export:
- Python Notebooks “1 - Convert exp. data into binary
file readable in ‘Data bases &
Metamodels’

Data bases Fusion

Classifier type
MultiLayerPerceptron v

Prediction Accuracy

| New classifiers (MultiLayer Perception ; Time Series Correlation) .

— Classifier type
SYM hd

Fitted

Hidden layer sizes
Ridge [100]

SVM Machine Learning

MaiveBayes Learning rate

MultiLayerPerceptron —> Deep Learning (NN) > 000 -
Max iter -
200 -

= C(lassification = C(lassification

Scaler Scaler

None v 2D Analysis  Ciassfication  External Evaluation None v 2DAnalysis  Ciassificaon  External Evaluation
[[J'show components optimization results (] show components optimization results
Projection Method Projection Method
PCA v Confusion Matrix  Parallel Coordinates  Data projection viewer PCA M Confusion Matrix  Parallel Coordinates  Data projection viewer
N components N Normalized  Not normalized N components . Normalized  Not normalized
B 66 -
Score normalize 96.51% Score normalize 97.49%
Max Max
Opti n components 00 Opti n components 100
Classifier type DSBWF 99.3 Classifier type DSBWE 99.8
svm v MuttiLayerPerceptron v
Fitted Fitted
Class weight Hidden layer sizes
v [100]
NO_FLAW — NO_FLAW —
c . 2 Learning rate N ]
10 . o 0001 e}
o A @
2 2
Evaluation mode = Mo ter =
Use cross-validation v 200 -
RF - RE -+
Fit Classifier Evaluation mode
Use cross-validation v
Fit and Evaluate Classifier
- ‘ Fit Classifier
UCWF - UCWF —
Fit and Evaluate Classifier
-
‘ ‘ ol B ‘ | ' age 88
DSBWF o ru ®F UCWF i DSBWF oW & UOWE pPag

C 0 M M U N ITY EV E NT Predicted label - ‘. Predicted label



DS

Simulation D Experimental

DATA SCIENCE a8 > o
2 EddyFi, Olympus,
?.-a B B o TPAC, Sonatest, Zetec

and ‘Plugln’

DS_Export:

- Convert exp. data into binary
file readable in ‘Data bases &
Metamodels’

CIVA Data Science

| Confusion matrix on external evaluation

Data bases & Metamodels Data bases Fusion

Classification Outliers Detection Prediction Accuracy

Classification

To compare with learning B o oo e To complement the parallel plot

Selected variation

confusion matrix - Bvauaton - ion

Parallel Coordinates Confusion Matrix

N Parallel Coordinates Confusion Matrix
Comparison type
Scaler Raw v
Naone . Danayss  © on  Exteral Evaluation Normalized  Not normalized Selection: 121/121 (100.0%)
Shom companents optmization resits
Frojection Method ~ Annotations Score normalize 88.30%
v Paraliel Coorginates Data projection viewer
N components . Narmaized  Notnormaized
66 -
Score normalize 96.51% O |Stat  [End | DSBWF 100.0
Max
wo o O o 121 NO_FLAW
DSBWF 0 22 31 RF
g st 60 UCWF
Fitied
O 82 91 DSBWF NO_FLAW
Class weight —
[
| None NO_FLAW 2
K]
T 1 )
c = 2
@ =
£

o
RF —

Export Results

e UCWF —

0 — Not Annotated -0

BN oA

t t t f
DSBwFI NO }LA\N‘ RFI YOWF X1 Anngtation Prediction Proba

Predicted label

N

=XT=

‘ S ) page 89
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Simulation

- EddyFi, Olympus,
e ° TPAC, Sonatest, Zetec

and ‘Plugln’

Experimental
&

DATA SCIENCE

:: L)

o

63

DS_Export:

CIVA Data Science =

"""" - Convert exp. data into binary
file readable in ‘Data bases &

Classification Outliers Detection Prediction Accuracy

= | type for RT: insertion of

™ View details Extraction: R_Bbox : Merged image [640, 640] Merged image 1.1301E6 ==
b L i T i i T i 1.1E6
| sciss | Dim N°2 v %
D Color  Name Nb. Inputs Nb. Outputs Nb Sa. Size. + ° M ° M
[ _ous...[2 5 | )tz RS Ordnate | DimN°1 . 50 + + i { 1.086
2| |simulated_crack |9 13 | 30| 281.252Mo| Mode Raw M~
i g 3 | 0] 04 3 156
a [W0003_FinaiDB |1 f | 36| A ROL ¥ g 5 -
5 e ROI Opacity 1 = w 950000
Index on relessed [V M
900000 m m
ol 120 r O I a e S
Fusion_ DimN°1: |1 850000
Inputs Outputs ] 150 B
800000
1 640
DimN=2 = 750000 |
DimN°2: 1
' 250 700000
= 50 S 650000
L ‘totale =
ongueur totale
i E 600000
elec dtabase (.var
L 550000 .
8.051 11899 400
500000
Largeur
. 450
LARGEUR : 0.281 ' 450000 L[] L] .
0.152 0.2 2 {0000, paral Ileters Wlt p ySICa I Ileal llng
Hauteur
HA R:[0.619 550 350000
' 600 5 300000 Y
0.406 0.692
Noobre de seqments 550 oo e u S I O l l O r a ge l l e ra e
SEGMENTS : 10
200000
700
8 12 150000 .
Désalignement maximal en X 288,074 i 100 iS50 200 250 300 350 400 450 500 550 600 640 3351.418 I I I I a e S
X:/0.21 Dim N°2
] Hode Min Max  Reverse x:[1
00 o X MANUAL w1 50 - T
eset axis
Apply % Y manvaL v 1 &0 ¥ oo o
x1:[1.889 cuaua v |wmmas |Looes | @B -
] . . . .
U : ————— : - Simple fusion (1 simulate aw + 1 experimenta
!
I

image) also available in RT Module

=XT=|ND=
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CIVA

Tur GWT j TT RT | DS Developed by
= * = .2 wn %

THANK YOU FOR YOUR ATTENTION !

Quite a rich new version!

Several additional features have not been presented (parametric study, UT beam calculation
options, boundary absorbing layers in SHM, etc.): More details will come with the release.

"""""""

.....
"

Join us for a training session to discover these new features !

,/b(‘ 3
=XTZIND=Z @h,\
as
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