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Motivation. Tomography and Composites.

3 Tomography is currently a widely used Non-Destructive-Testing technique to
study the microstructure and damage mechanisms of composites

C-scan Tom_ggraphy

lv—)’( 10 mm
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Ph.D thesis of Santiago Garcia Rodriguez, Univ. de Girona (2016) UudG I_. !
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X-ray attenuation
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Motivation. The principle of tomography.

Detector
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X -ray cone beam
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|
Sample is rotated in
order to be scanned
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X-ray tomography
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Motivation. The tomography system at UdGirona

Power source: 100 k It |
200 PA current
5 um focus size

Max. resolution ~1 um
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Motivation. CAl specimens.
100 mm

150 mm
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Damage scenario
Undamaged cone

2.2 mm

ination

2

1000 um 3000 um
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Ph.D thesis of Santiago Garcia Rodriguez, Univ. de Girona (2016) udG I‘ 12

——



AMADE DAY July 24th, 2025

Motivation. Laminography

detector
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What inclination of the rotary table?
...resolution?
...should we incline the detector?
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Methodology. A digital twin.

GENERATION OF
VIRTUAL PROJECTIONS

i3 Calculation of the
intensity reaching each
pixel of the detector

i3 Geometry entirely
parametrized

3 Virtual specimen
(phantom)

i3 Matlab script
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Methodology. A digital twin.
DETECTOR

OBJECT

ro I:Ra.*\__x o

X = 0 Rotation Axis Y

 rotRAz

(offRAX,offRAy,S0D)

T OffRAX

(offRAX,0ffRAy,SOD)

As the order of rotations matters, the line
corresponding to the rotation axis is found as follows:
1) Initial line corresponding to a vertical ling,
n=(0,1,0) passing through (0,0,0)

2) Rotation around x-axis

3) Rotation around z-axis

43 Translation from (0,0,0) to (offRAx, offRAy, SOD)

SOURCE
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Methodology. A digital twin. The specimen

3 Combination of parallelepipeds and spheres

Laminates

m Slabs
v

“Gruyere” slabs
(spheres embedded in the
rectangular prism)

e
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v

[ = Ioe_[ﬂp(x_5)+ﬂss] — Ioe_[ﬂpx'l'(ﬂs_ﬂp)s]
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|deal vs real

d The source focus
size

3 X-ray spectrum

3 Attenuating media
i3 Noise

3 Sensor drifts

i3 Defective pixels

i3 Detector linearity

i3 Detector uniformity

Ideal

July 24th, 2025

Real
5-50 microns
Broad spectrum
2 media with scatter

Yes
Yes
Yes

Not ideal

Not ideal

20
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Methodology

2 Number of projections: 1200 projections
i3 Detector: 1120 % 1672 pixels
12 x 12 cm (50 x 50 um pixel size)
i Specimen size: 100 x 25 x 4 mm, 1000 spheres of 3 diameters: 3, 1.5, 0.75 mm
1 SOD (Subject-Object-Distance): 60 mm
2 SDD (Subject-Detector-Distance): 220 mm

21
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Methodology

2 Number of projections: 1200 projections
i3 Detector: 1120 x 1672 pixels
12 x 12 cm (100 x 100 um pixel size)
i Specimen size: 100 x 25 x 4 mm, 1000 spheres of 3 diameters: 3, 1.5, 0.75 mm
1 SOD (Subject-Object-Distance): 60 mm
2 SDD (Subject-Detector-Distance): 220 mm

2.247168.000.000 beam calculations

Two trillion, two hundred forty-seven billion, one hundred sixty-eight million

22
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_ 1 0Q, = Ay [1]
0Q,'AB = OA-AB [2]
[1] and [2] A ui.AB = OA-AB
A = OA-AB/(u;-AB) [3]
[3]in [1] OQ; = [OA-AB/(u,-AB)] u,
0Q, = [OA-AC/(uAC)] u,

0Q; = [OA-AD/(u;-AD)] u

0Q, = [OE-AB/(u;-AB)] u,

0Qs = [OE-AC/(u,-AC)] u,

2 D 0Qs = [OE-AD/(u;-AD)] u,

unit vector pointing to pixel "i"

O

B 2. (0< AQ;"AD < AD-AD) & (0< AQ,-AC < AC-AC)
A \ ' AQ,-AD = (0Q,-0A)-AD = 0Q,-AD-OA-AD = [OA-AB/(u;"AB)]-u-AD - OA-AD
AQ,-AC = (0Q,-0A)-AC = 0Q,-AC-OA-AC = [OA-AB/(ui-AB)]-ui-AC - OA-AC

(0< EQ.+(-AD) < AD-AD) & (0< EQ,+(-AC) < AC-AC)
EQ.-(-AD) = (0Q,-OE)-(-AD) = -0Q,-AD+OE-AD = -[OE-AB/(u;-AB)]-u,-AD + OE-AD
EQa-(-AC) = (0Q4-OE):(-AC) = -0Q,-AC+OE-AC = -[OE-AB/(ui-AB)]-ui-AC + OE-AC

oS )
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Assuming:

F=(0,0,0)
C = (Cx, Cy, C2)
Ui = (Ux, Uy, Uz}

The equation [4] becomes:
AM+BA+C=0

with:

A=Ui- Ui

B=-2Ui-PC
------- C = PC - PC - R?

Lt
unit vector

which has real solutions for:
Bi>=4AC

And the difference between solutions is:
PQ=AU |1]
P SQRT (B*-4AC) /A

PC +CQ =PQ (2] Recalling that Ui is a unit vector (Ui - Ui = 1)

CQ-CQ =Rz [3] A= 2h(Ui-PC) + (PC-PC-R¥) =10
that has real solutions when:

[1] and [2] in [B] (NUi-PC) - (A Ui-PC) =R2 [4]
(Ui - PC)? > PC - PC - R?

The same applies for the intersection at point S.  And the difference between solutions :
So, the two solutions of eq. 4, if real {or the path of the beam across the sphere) is:

are the intersection points. 24 /(Ui - PC)? -|r;|:={: - PC - R?) |

The distance between them (the path of the —m, 1
Ld |©

beam in the sphere) is the difference: AS - AQ udG
[
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Methodology. Studied cases

1 QO 3002()\o:|5o -15%200
' 400 Y !
502 \\\ oo

600\ \\\ \\\ \

700 >~ s

tomography

laminography

26
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Results

Tomography Laminography — 40°

e
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Reconstruction

3 X-AID reconstruction software from MITOS
With laminography capabilities: Reconstruction of data from acquisition
modes for flat objects like oblique/planar CT and linear/rotational
laminography.

@ \iTos

X-AlD

28
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d MOD10_Reconstructed (50%)
845/1152 (slice_0844); 3.00x3.00 cm (1100x1100); 16-bit; 2.6GB

d ¥z 550 (50%)

3.14x3.00 cm (1152x1100); 16-bit; 2.4MB

4 xz 550 (50%)

2.00x3.14 cm (1100x1152); 16-bit; 2 4MB
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Laminography 30°
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Analysis

M9015 (lami)
Angle = +30

32
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What else can we done with the digital twin?

3 Anticipate the quality of the reconstruction of non-conventional specimens
(large, thick, etc.)

i3 Support the decision of the parameters definition for the acquisition of
projections (number of projections, etc.)

i Check the suitability of alternative reconstruction methods for particular
specimens.

i3 Calibrate the real geometrical configuration of the system (source-object,
source-detector distances, tilt of the rotation table, rotations and offset of the
detector...)

34
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Conclusions

i3 We have successfully developed a “digital twin" of the projection generation
of a cone beam tomography system.

o |t allows to simulate the most important geometrical parameters affecting the
quality of the tomography.

3 Reconstructions of the laminography with the explored configurations are not

satisfactory. The least bad results are obtained at 30°. The study should
continue.

3 The usefulness of the “digital twin" goes much beyond the laminography

feasibility study: geometrical calibration, ideal resolution, assessment of
reconstruction algorithms, etc.

3 Matlab parallel computing ...

36
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