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Materials structure and
oroperties

Mechanical STRUCTURE e
properties = Nano scale (atomic properties
bonds)
= Micro scale (phases,
particles, grains,
orientation, distribution)
= Macro scale

Gacsi Zoltan; Simon Andrea; Pazman Judit.: Femkompozitok, Miskolci Egyetem, Miskolc, 2011.
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Multiphase materials structure

Substitutional |nterstitial Inco_h(_erent Coherent Secondary phase with
atom atom precipitates precipitates high melting point
Edge dislocation Sliding
lines
AT -'
NEIT 7 ' .‘\ +++++
® LY + 1 +
W, = o + +-|- +
Screw dislocation Precipitates on

Gécsi Zoltan, Mertinger Valéria: Fémtan. Mdiszaki grain boundaries

Kbényvkiado. Budapest, 2000.
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Characterization possibilities of
multiphase materials structure

More parameter (vectorial description) instead of \ ‘l[
simple scalar values (linear particle size, area | '
fraction, grains diameter)

Complex imaging equipment (method,
resolution)

Modern mathematical - statistical methods
(piles, matrix, machine learning)

Increasing the resolution: millimeter, micro-,
submicrometer, nanometer

2D, 3D imaging devices

Combination of traditional and modern methods

Nano CT

Zoltan Gacsi: The Application of Digital Image Processing to
Materials Science, Materials Science Forum. Materials
Science, vols. 414-415, pp. 213-220, 2003. (IF= 0,602)
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Main questions

The full range description of the microstructure of

multiphase (composite) materials needs:

= Volume (area) fraction of phases

» Size and size distribution of phases (particles, grains)

= Shape (2D, 3D) of the particles, grains

= Spatial  orientation of the particles, grains
(microstructural anisotropy)

= Spatial distribution of the particles, grains (random,
ordered, clustered)

G Gergely, D Koncz-Horvath, Z Weltsch, Z Gacsi: Development of crack detection method
with 2 dimensionally generated 3 dimensionally reconstructed images in THT solder joints
ARCHIVES OF METALLURGY AND MATERIALS 62:(2) pp. 1033-1038. (2017)
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Particle reinforced composites
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' ap“e. materials

+Clusters?

Al-SIC,

Judit Pazman, Viktor Madai, Jozsef Toth, Zoltan Gacsi: Investigation of the
microstructure of Al/SIC(Ni) p composites. MATERIALS SCIENCE FORUM 729: pp.
470-475. (2013)
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Imaging device

Computer

Image processing and
analysis software

Image processing = image transformation, from image to image

Image analysis = data from image

Gacsi Zoltan, Sarkozi Gabor, Réti Tamas, Kovacs Jend, Csepeli Zsolt, Mertinger
Valéria: Sztereologia és Képelemzés. WellPRess-PHARE. Miskolc
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Description of the

microstructure

Methods:

1)
2)
3)

4)

Evaluation of degree of ordering (covariance
function)

Evaluation of degree of clustering (radial distribution
function, cluster analysis)

Analysis of neighborhood of the objects (nearest
neighbors, morphological mosaics)

Classification according to shape (template
matching, statistical, neural-network, ...)
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Covariance function

KOV (B,h) = E { Mes {(E)m(E+ ﬁ)”

/:i'f;ué'f;":: = B binary pile (matrix) of the

S microstructural elements (binary image)
T, %% | = hvector of translation (shift)

= = Mes metrics of the binary piles

h translation
common part

= E expected value
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C(y) Ordered c(«x)
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Wejrzanowski T., Rozniatwski K., Kurzydlowski K. (2001).Computer Aided Description of the Materials
Microstructure: Analysis of Homogeneity of the Spatial Distribution of Particles. Image Analysis & Stereology.

20, p. 71.
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Covariance function
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The covariance shows the regular nature and
the periodicity of the microstructure
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Covariance function
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Covariance function
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Covariance function
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Radial distribution function:

H(r) =

Nra ,leo
N )

a

N,, : the mean number of

—~—

particles per unit area
inside the circle,

N, : the mean number of

(760-1,510-r)

O «—~
~

particles on visual field.
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Clustering

» 4 clusters, fixed cluster centers

= Position of object determined by
Monte-Carlo with normal distribution

» The cluster centers are the means
of the distributions

* The superposition of the
probabilities used in Monte-Carlo
method

= Standard deviation (s) used as
description of clustering (dispersion).
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Clustering

4 clusters, different dispersion
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Clustering
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Clustering

Inner distance inside the clusters

S (= () + ()

d

.}0.:.0.. :: ] .. ... mner (” _1)2
Pl s, = Prescribe fix n cluster centers of the
L I clustering algorithm (ex. K-means).
: & £ iilege s = The algorithm calculate the centers
o.". s AL
:.‘.:.'.'.:. i and dinner
oo NS | - di.; decreasing as a function of n.
Jeresae sy | » The decrement is rapid to the real
— AL R number of clusters then it becomes
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Clustering

Inner distance in the clusters

S (= () + ()

o0 %o Lo dﬁnm“' 3
LT e v n—1
o: e? %o ® 0,°
B 3 e 0‘.:00.0000
¢'® 2 g ®ee %o 140
e® o .:..0. ..0.0.0..
o ® o X y=-17.68x+148.8
ee*’e e o 120 )
o . 9%¢% e Yer o - R=0.89
00: . s’. .0. -‘—%
® . .00:00 ¢ £100
o *e*%er o -
e ‘o:'o —
S TR LA g 80
L
L J L o
St aeTe B 6o y=-0.5x+45.09
.... .o. .o:.o°.o.°o g e
* % LT - - _
M STAL TP L g 40 < 3
> - .
00 4% % 0% e
200 pm . ,.0....0:: :. 20
0 2 4 6 8 10 12 14

number of clusters (n)

nano O
GINOP[ |

21



. R B G ERRT S N
SN R T SRR S
~ .

et 1 o‘Wo.'vq S .l’uf.
- o.fl 3

lusters,
(7 big 20 small

Clustersin c
EN-AW-8006 Al-Fe-Mn alloy

3 slopes describe the curve with

" TNV o \.h
- - 0’- -l.. .l ‘l ll.y;ﬁ* .o~'t 'n

2 Intersection

22

clusters)

a0

GINOP_ |

60

Clustering

50

40

30
number of clusters

20

-~ o T A Ay
R S
e ef o e l=" 4 .
-.. S % I.J/ V./co'ul/
.. 4 q....‘.ol . q‘
AN v 4 ' 3
.- ; fo.. ’ m
Ry o2 4 “
S v t&..«..h\\. \N-R PN
. . - ™
‘ o I-..J/u.a”.-. .\-.&-\h H OOu
N t.ﬁ(-..arvmhd .— y (s AT
S l H S
—A& - ¢ ; o o
PR L "
'S -.o o?'n.]‘..\ >
(‘e ,a.«a.%.s
A Vw’ wee 5
NNt ) g
-.ﬁ”/u..d«w.ctu.w..... .Q_ ’ Yo
e, - N -f” + (o]
R 59
_ TS L — o
. SN S LD
A ot .)-," > Y ey "
S, Ny e . >y -
?AH. sm.' \uw.-.u '.W Q\./,..arlaﬂca J.ul,o\ = L\
" ¥ .'~ Ol.-n."- u..”fhﬁn -.-.u.a..luvlc-c.o. . v \
Kave 43 M./.u.?...;.,..v'./ﬁ\.

re Ay TR S| s s

! o
ol Gl N S S S S
) rr....s e wvo“.- ' < I3 « -
Py 2]

0

BT
AT - - .%W. .«%..aa xid ‘doue)sip Jduur
BR et pgeiees T e SR Bodsaed
RGNS Ca e 1 N NSRS



Clustering — Randomness?

= \Voronoi tessellation shows the particle which contains the
closest points to the given particle center

* Morphologic tessellation shows the particle which contains the
closest points to the given particle boundary

.Centers (objects)

.

Hyperplanes i ;) <d(m;, pjii)}
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The morphological mosaic clearly reveals the clustering of the particles.
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The morphological mosaic method can be used in the observation of clustering in a
large range of particle sizes.
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General purpose image processing and
analysis
Free for research and education
Conventional and modern methods for
microstructural description and evaluation
Industrial standard software in:

- microstructural characterization of

steels

- evaluation of cast irons

- characterization of aluminum alloys

- special image based quality control
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CProb algorithm and softvare

= Conventional image processing algorithm
of color, grayscale and binary images

= Conventional measurement of field and
object features (area, diameters, perimeter,
etc.)

» Classification according to shape
descriptors

= Analysis of spatial distribution (covariance N
function, radial distribution, morphologic
tessellation, cluster analysis)

= Possibilities to automated image analysis
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