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Background

Microstructure - structure, that can be
observed under the microscope

Microstructures are studied In:
 Medicine

« Space technologies

* Qil industry

Titanium alloy

The problem — upscaling

Soil slice

https://www.doitpoms.ac.uk
https://www.researchgate.net
https://www.researchgate.net
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Key points

 Microstructures have stochastic nature and can be viewed
as a realisation of a random variable

* Multiscale modelling techniques are widely used for
microstructures:

» for modelling the response and life prediction of
composite materials (C.Oskay, 2015)

» for flow estimation in porous media (Ronaldo Giro,
2018)

» for modelling of crack propagation in random

heterogeneous media (Darith-Anthony Hun et al.,
2019)



Style-GAN

* Number of layers increases during training

« Maximal resolution on the train set - 256x256
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StyleGAN architecture

Progressive Growing of GANs for Improved Quality,
Stability, and Variation



Style-GAN
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A - affine transform,
B - per-channel scaling of noise

A Style-Based Generator Architecture for Generative
6 Adversarial Networks



Image quilting

Image stacking without quilting Image stacking with quilting



Image quilting

 Quilting paths - paths, minimising
error on the overlap between two Image 1 Image 2
Images

* Minimal error on (i,j)-th pixel of
overlap: Minimum boundary cut

E €ijpJ =0

e ;= (x;;— Vi j)z,
X; »Yi - (1,))-th pixel of image 1
and 2 correspondingly



Wang tilings

* The plane is covered with tilings chosen randomly from a set of 16
tilings with 4 colors of edges

diagonal cuts
quilting paths

[
(Y
VAN
N N

®
L

patch width

9

Qe
®

Pa® ©
®e

®_0
¢ e

&

sample (width ¢

® ...
® G
Q'/.

tile width h

Process of tiles design

Aperiodic Compression and Reconstruction of Real
9 World Material Systems Based on Wang Tiles



Experiments
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Berea sandstone Ketton limestone

Alporas aluminium foam

Estimated values

Mechanical properties Minkowski functionals:
» Poisson’s ratio (v) * Area density
« Young’s modulus (E) * Perimeter density

* Euler2D density
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Visual comparison of the results
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Wang tilings

Periodic unit cell (PUC)

Original image

Style-GAN

Spatial GAN

Texture networks
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Visual comparison of the results
Alporas

Original image
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Visual comparison of the results
Alporas

Original image Style-GAN result
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Numerical results

Mechanical properties

Method
Original image PUC Wang tilings
E 0.0988 £ 0.0032 0.0966 = 0.0112 0.0950 £ 0.0054
U 0.3507 £ 0.0047 0.3460 = 0.0190 | 0.3331 £0.0094
Texture Networks | Spatial GAN Style-GAN

E 0.0826 = 0.0013

0.1120 = 0.0094

0.0958 = 0.0025

U 0.3191 £ 0.0049

0.3266 = 0.0129

0.3634 +0.0084
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Visual comparison of the results
Berea

SN A RN
’ ’k &x e T T

*e /‘Q
T T SN

" -t "3 M
p-r’ e, WP ‘N h:‘:}:\:x\‘

Original image Wang tilings result Style-GAN result
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Visual comparison of the results
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Original image

Wang tilings result
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Style-GAN result



Numerical results

Minkowski functionals

Berea
Original image Wang tilings Style-GAN
Area 0.7970 £0.0528 | 0.8292 +0.0481 | 0.8167 + 0.0046
Perimeter | 0.0633 +0.0073 | 0.0653 +£0.0115 | 0.0667 = 0.0030
Euler2D | —0.0009 +0.0004 | —0.0017 = 0.0005 | —0.0013 =+ 0.0002
Ketton
Original image Wang tilings Style-GAN
Area 0.8753 £0.0206 | 0.9149+0.0323 | 0.9112 +0.0167
Perimeter | 0.0501 +0.0054 | 0.0409 +£0.0127 | 0.0438 = 0.0059
Euler2D | —0.0008 +0.0003 | —0.0010 + 0.0004 | —0.0011 #+ 0.0003
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Thank you for attention!



Appendix: Mechanical properties computation

Linear elastic equation

—V(CP¢: [e(w™ + ) =0in Y,

where e(w") is unknown strain tensor,
Cher = 2u(c — (o) - p, (C: €)= D Cii
k]

ekl = E(ek Qe +eQe), ¢ -column of identity matrix,

u=EIQRN +nuw), A=Evi(l—v?), E=1.0,v=0.3,

p - material density



Appendix: Mechanical properties computation

Homogenised elasticity tensor:

= o7 | €+ oo Chase - (ol 4 e(wi(y)))dy

@

where: Chaser = 2u(z — Atr(o)l) - p,
u=EIQ(1 +v)), A= Evl(a—v?),

E=10,v=0.3



Appendix: Minkowski functionals

Three functionals for two-dimensional structure:

* Area

* Perimeter

« Euler characteristic y = V— E+ F, V - number of vertices,
E - number of edges, F - number of regions



