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Fusion of EDS and BSE Image

1. Introduction

This tutorial is part of the PerGeos Training course, and will detail how to do the so-called fusion between an EDS and a
BSE image. Both can have different resolution.

The goal of this fusion is to study the grain size distribution and mineral shapes based on the mineralogy information
coming from the EDS image, using the high resolution BSE image, since EDS is most of the time of a lower resolution.

The data is courtesy of Dr Stefan Loehr, Macquarie University, Australia

BSE image, resolution : 16624x 16647, 264 MB EDS image, resolution : 16896 x 16896, 272 MB
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2. Applying the Fusion EDS — BSE recipe

The fusion EDS-BSE Recipe contains all the needed steps. However, special care should be given to the registration one,
since the Optimizer step often requires an adjustment.

|Fusion2D EDS-BSE ~ & = R @
Input (master) [Ba-l-i_BSE |v]
Input (model) \Barhill €05 v

Segrnentation: Label Field Creation

Module:Auto Thresholding

Module:Remove Small Holes

Segmentation: Adding Selection

Module:Separate Objects

Register Images:Register

Module:Resample Transformed Image

Module:Label Anabysis

Module:Label To Attribute

Module:Convert Irnage Type
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Remove Small Holes

Designed to facilitate the grain separation. Here a value of 40 is used.

Input Binary Image:

Interpretation:

Size [px]:

Separate Objects

|selection -|
@ 30 () XY planes
40|

A marker extent of 2 will give good results during the grain separation

Input Binary Image:

Method:
Interpretation:
Neighborhood:
Marker Extent:

Qutput Type:

Register Images

|Barhill_BSE Jabels ¥ |
[[}mfer—cnmsa'vaﬁue V]

@ 30 () XY planes
e 18 @ 2
2

[spit °

The Optimizer initial Step will need to be reduced to around 200 um since the images are not far from each other.

Regsterimages (1) Advanced
Modek: Barhil-EDS i
Reference: Barhil_BSE b
Transform: Rigid Izo-Scale Aniso-Scale Shear
Disable Rotation:
Register: @ 3 © 3D
Threshold outside: I 0.2 (]
Prealign: lAbgrl centers ] [Ahgn principal axes]
b Metric [ Nermalized Mutual Information * |

[ Resampling Options
4 Dptimizer Options
Optimizer Type:

Initial displacement between the images

[Extensive direction ¥ | [Ramp  ~

Optimizer Step [pm]:

initial: 200 final: 0.166667

Gradient Optimizer:
[ Localizers:

Finest levels: 2 Tolerance: 0.0001
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3. Analysis

Now that both images are correctly registered and fusioned, it is possible to extract statistics and use the mineralogy
information from the EDS image.

Note : PerGeos 2.0 will come with a dedicated import function for Nanomin, the EDS analyzer from the MAPS Mineralogy
software. This import function will allow the user to directly retrieve mineral names and colors in PerGeos.

Each of the identified grain has received the most representative mineral
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Grain size distribution

A Label analysis on the resulting image will give around 64300 different grains

Eil
32
33
34
35
36

Area (um™2)
13851

barylenterX (pm)

1407.27
1452.75
1486.25
1502
1560
1614.73
1653.29
1679.33
170341
1742.29
1835.27
1949.22
2093
2095.21
2126.42
220423
2241.2
2328.72

barylenter¥ (um)
84,008
2375
13.0438
0
05
861203
0428571
0.666667
26,8628
1.24138
7.03802
994957
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364461
11.065
563
268571
568997
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Colors represent grain size

Grain Size Distribution
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Grain size classification

A Sieve analysis on the resulting label image will segregate the different grains into 3 classes.

e

Data: [Barhil-RoI Llsbel.am

Label Analysis: |Barhil ROI1.Label-Analysis.am ~

68075.6

S e ——

Classification into 3 different classes

ThermoFisher
SCIENTIFIC
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Shape factors

An Analysis Filter on the resulting label image will segregate the different classes depending on their size or length.

e,

Area < 3000 um?2 Area > 20000 pm2

Elongated grains

ThermoFisher
SCIENTIFIC
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Mineral -grain association

All grains corresponding to one mineral can easily be extracted with an Arithmetic module ( A == mineral ID)

Quartz size distribution ( colors represent grain size)

CZIEE

ul )

Area (um*2) BaryCenterX (um) BaryCenterY (um) Mean  index

Mean 16045 8176.74 861534 1 0575

Min 1 455625 327027 1 1

Max 605058 16197 166413 1 s

Median  5265.32 808855 872507 1 057

Varignce | 1.00531e+09  2.05902e+07 2.33903e+07 0 141042c+06

Kurtosis | 65.2607 114297 12124 N ET)

Skewness 6.00149 00109276 00484146 774554206
Area (um*2) BaryCenterX (um)  BaryCenterY (um) Mean  index

1 1072 881716 257108 1 |2

2 1524 520602 867257 1 |2

3 20240 623.012 72,0465 103

4 28541 241953 623455 1 4

5 700 108823 863420 1 s

6 20634 1237.04 59,5671 1 6

7 137 3006.28 308145 1 |7

8 185 3365.88 327027 1 8

9 588 379305 782483 1 9

10 100069 a3 132186 110

1 7265 4887.28 306742 1 |n

12 16301 6376.79 439914 1 |

13 2745 549560 19,259 113

4 4220 724888 255223 1

15 4154 801634 28766 1015

16 19065 10271 57.7197 116

17 11600 104269 501147 1 |u

18 51761 111995 99,9806 1 18

19 3104 114477 181372 119

20 159623 116571 220749 100

21 29051 121956 819789 1 n

2 24770 124386 119456 1 2

23 4707 14658.5 293973 1 023

24 14487 14760.2 532116 1 M

25 3521 15081.3 124198 105

6 152 155719 14.2691 1%

27 33576 15735.2 65485 17
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