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X-ray imaging and tomography

Talbot effect as the engineering basics

Deterministic design

Uncertainty quantification

Uncertainty based design

Comparison of uncertainty and deterministic strategy
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Conclusion: examples of parameters shift




X-ray imaging techniques
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Absorption based technology

Approaches to X-ray imaging
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. X-ray imaging techniques

Approaches to X-ray imaging
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Scattering based technology
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gl X-ray imaging techniques

Approaches to X-ray imaging

Interference based technology
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No matter which method of imaging used — principles are similar
Slices1,2,3 ... N

Scanning radiation

Algorithmic processing

T

3D structure of the object
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Design of a technical supporting system to provide a better characteristics
Phase Interference
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Some details of optimization techniques f b b
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The transmission functions of the phase grating
Th(x) = exp(iplh(x))
> x

il- rowmsk Deterministic design

The wave field downstream
P2(x) = Io(Th(x) = P=(x))

The fringe visibility of the phase-stepping curve

Po(x) — 1 . x? )
=) =z Pl B e %1 = To) sinc(xo)
V_2|f [0]] ST 1 +x0(1 — 10)
The projected source intensities for Talbot (T) and P . .
- 2
Talbot-Lau (Tll_) i ! Vi = exp (_2 (H?E) )
s! (x) = exp —x— STL(x) = TKO:TD(x) P2
’ 0l\/27 202
The smallest detectable refraction angle
1 P V2 Llpotp V2

Nmin T =— =— Kmin, TL =
! 2 VT( > — 11)&1/10[)1‘ ’ 2 Voo a./TgDt
Thiring T, Stampanoni M 2014 Phil. Trans. R. Soc. A 372 20130027 P P oF oF
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Optimization of the geometry

Minimization of standard deviation of the refraction angle

oo = N(R2,2) - 12(p1, p2, 03) vuqg = 1Ko T0) - 11(K2 T2) - 3 (po0, P2)
v 4a\/2tery ' 4a\/2fors
Q(HC" P2—Pu )2)
T+x(1—1) _ exp( *pup: _
— 1,P2,0.) = Y3(Po. p2) = po + p2
) = {10 sine(o TP ) = =
107 I 0.1
—_—=0
I —7=0.2 I
8 ——7=0.4 i
—_—1=0.6
6l 0.06 |
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4 0.04 ¢
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K p11 x10
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Thuring T, Stampanoni M 2014 Phil. Trans. R. Soc. A 372 20130027

Optimization of the geometry
0.1

II_T=0 | —0 =08 /_ml'll
——17=0.2 0.08 | ——0,=16 um
0 0 =24 pm
—7=0.6 0.06 1 g
\/ & _JS=4 pm
0.04 1
0.02
0 " {
0.2 0.4 0.6 0.8 1 1.6 1.8 2 22 24
K p11 X 10‘6
Parameters of G2 grating Period of G1 grating and std source size
, Mm T K min P11, UM Os, UM miny,
Pt o2 0.3271 2.08]2(; 1711 0.8 0.0133
24 [ 02 | 0426 | 2.9677 1.973 1.6 0.0161 |:> Maximum visibility
0.4 0.455 | 4.3387 2.09 2.4 0.0185
0.6 0.474 | 7.0023 2.156 3.2 0.0207
2.199 4 0.0227
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The interference based technology is very sensitive to deviations

A lot of inputs with uncertainties UQ is the end-to-end study of the impact of all forms of
f 5 ’ 5 error and uncertainty in the models arising in the

applications
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Multidimensional problems — “curse of dimensionality”
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Parameters with uncertainties of Talbot interferome

il- romsk Uncertainty-based design

G, grating Duty cycle ko ~Normal(ty;, 5%), U, €[0.02,0.5] um
Transparent coef. T7o~Normal(y,,, 5%), Uy, € [0.02,0.5] um
Period p2~Normal(2.4 pym, 5%)

G, grating Period p11~Normal(py,, 5%), upz € [1.2,2.4) pm

Std of Source size os~Normal(0.8,5%)

Uncertainty Quantification

Refined Stratified sampling
Latin hypercube sampling

Simple random sampling

Std of the refraction angle
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Uncertainty-based design

N <104

Comparison of different methods

2.1638 7
— Latine Hypercube — Latine Hypercube
2.1636 ~— Simple Random ~— Simple Random
—— Refined Stratified 6.5 — Refined Stratified
2.1634
= 21632 6 6
2.163
55
2.1628
21626 50 2 4 6 8 10
0 6 8 10
N %10% N x10*
—— Latine Hypercube o .
12 ~— Simple Random Statistics Simple
0 —— Refined Stratified Random
@ sampling
£ e W (y1) 2.1630
~ 6 0-}/1 0.061
r” Skewness 1.2442
4 Kurtosis 6.9594
2 i
0 6 8 10

skewness

2.5

-
(8]

0.5

—Latine Hypercube
~ Simple Random
— Refined Stratified

Latin
hypercube
sampling
2.1629
0.058
0.99
5.1841

6 8 10

N x 104

Refined
Stratify
Sampling
2.1630
0.058
0.9953
5.1421
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2.18

U Q —_ for deterministic
Std of Source size os~Normal(0.8,5%) 2175 i
G, grating period p2~Normal(2.4 pym, 5%) 217
2.165
0 q q o an.ana 2.155
Design G1 parameters to maximize visibility 034 036 038 04 042
std of 0% i
source Exact solution Uncertainty solution 4% difference
size 1 A o9
[ i Y R \ ——, for deterministic
O, MM P11, MM min Yy, (P11); UM Op11, HM min( y,) 0.018 —— () for stochastic
0.8 1.7105 0.0133 1.7075 5% 0.0138 oot7
1.6 1.973 0.0161 1.9457 5% 0.0173 N
2.4 2.0897 0.0185 2.0121 0.15% 0.0223 o ool
3.2 2.1561 0.0207 - - - 0.015
4 2.1979 0.0227 - - = 0.014
0.013
1.4 1.5 1.6 1.7 1.8
P, x10°

21% difference
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Redesign parameters to recover initial visibility

Std of source size gs~Normal(0.8 pm,5%)
Period G, p,~Normal(2.4 um,5%)

Solution with uncertainty  Deterministic solution
(p11), UM min(y;) P11, UM | miny;

1.7075 0.0138 1.7105 0.0133

0.019

0.018
0.017

Redesigned parameters to rich initial visibility

——1, for deterministic

—— (7,) for stochastic

< 0.016
0.015 (p2)=2.4 ym
(P11), BM | (p2), um | (o), pm min(y;) (0)=0.8 ym
1.56 2.16 0.77 0.01334 0.014
0.013 ¥ T : ;
(p2)=2.16 ym %5 1p.6 1.7 1015,8
(05)=0.77 ym 1 X

Waiting for experiments...
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