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2D SEM to 3D microCT registration

1. Introduction

This tutorial is part of the PerGeos Training course, and will detail how to register a 2D SEM into a 3D microCT scan of
the same rock sample.

The Registration module will give better results if the 3D sample is set as the model to register, ie the one to receive a
transformation.

The rock sample is a courtesy of Mustapha Jouiad, MASDAR institute of Science and Technology, Abu Dhabi.

The 3D microCT is a low resolution preview scanned at 20um.

Data name: SD1_10mm_20ym.am

Data info: 3D Image, grayscale, 15-bit unsigned

Dimension: &40 x 640 x 1008, uniform coordinates

Physical Size: 12654.3, 12654.3, 19942 [um] from 0, 0, O [pm]
Transformed

Voxel size: 19,8033 x 19.8033 x 19.8034 [um)]

Memory size: 737.5ME

Preview:

The SEM image resolution is 1.77 pm.

Data name: SD1_10mm_BSEM_2um.am

Data info: 2D Image, grayscale, 8-bit unsigned
Dimension: 5640 x 5670 x 1, uniform coordinates
Physical Size: 9931.03, 10034.1, 1 [um] from 0, 0, 0 [um]
Voxel size: 177 x 1.76999 x 1 [um]

Memory size: 30.5MEBE
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2. Pre-align the 2 samples

Using a Transform object applied on the 3D sample, approximatively place it over the SEM slice.

The 3d sample’s Z slice 438 can be used as a reference.
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Note : It is highly recommended to transform only one sample, since a resampling step is often needed after a data has
been transformed.

3. Extract a subset of the 3D sample

In order to maximize the registration precision and lower the computation time, it is recommended to extract a
subset of the 3D sample before applying the registration module.

Apply an Extract SubVolume module to the 3D sample, so that the SEM slice is entirely contained inside.
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Data: |5D1_10mm_20ym.am -

Input Dimensions: 540 x 640 x 1008

Memory Usage: Data size to be extracted: 97.66 MB. Available system memaory: 22,50 GB
Units: @ lattice index () global ) local

Minimum [voxel]: ] ] 387

Size [wvoxel]: &40 640 125

Set: [ Max width ] [ Max height ] [ Max depth

Note: the transformation applied during step 1 is kept in the extracted subset
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4. Set registration parameters

As the model, set the 3D subsample containing the transformation, since the registration process will lead to a
transformation ( a modification of the existing one ).

The reference is the SEM image. As the acquisition modalities and histograms are different, we will use the
Normalized Mutual Information metric.

Since we have a 2D image as the reference, the Optimizer step parameter is reduced and set to 200um.
All the other ones are left with the default values

Register Images
Model:
Reference:
Transform:
Disable Rotation:
Register:
Threshold outside:
Prealign:

4 Metric:

Histogram Range Re...

Histogram Range Mo...

Histogram Bins:
Compute:
[ Resampling Options

4 Dptimizer Options

] ) Advanced

[SD 1_10mirn_ 20, view hd ]

5D1_10mm_BSEM_2um.am ¥ |
Rigid [ | Iso-Scale [ ] Aniso-Scale [ ] Shear

—= 0.2 L]

[.ﬁ.]ign centers ] [.ﬁ.lign principal axes]

[Nurmalized Mutual Information ~ ]

mirn 1 max 254
min 1 max 55129
reference; 253 model; 256

Metric value

[Extensj'ue direction * | [Ramp

Optimizer Type:

Optimizer Step [pm]:  inital: 200 final: 0.166667

Gradient Optimizer: Finest levels: 1 Tolerance: -III.IIIIIIIII 1
[ Localizers: [
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5. Register the samples

When pressing the Apply button, the best transformation to apply to the 3D subsample in order to minimize the error
according to the metric is computed.

SEM image sample (left) registered to 3D sample (right)
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6. Copy the transformation to the original sample

Using Copy Transformation, copy the transformation of the 3D subsample to the original 3D sample

( Copy Transformation )
Data: [SD 1_10mm_20vm.am 7 ]
Reference: [SD 1_10mm_20vm, view 7 ]

The SEM and the 3D sample are now correctly registered

1000 pm

ThermoFisher
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7. Extraction in the 3D sample of the corresponding 2D slice

Now that both samples are registered, let's compare the 3D sample and the 2D image by extracting a microCT slice at the
location of the SEM image.

Further analysis not details here could include comparison of the pore space between the SEM and the microCT to see if
the microCT pore space segmentation is accurate, if the resolution is high enough, etc.

Since the SEM is not perfectly axis aligned due to cutting precisions of the rock sample, the corresponding 3D slice will be
tilted.

Waiting for a proper module in a latter PerGeos version, we will use the Fit To Points mechanism of the Slice object.
Note: since Fit To Points doesn't support transformations, we will apply the transformation to the data first.

- Apply resample Transformed Image on the 3D sample

Resample Transformed Image
Data: lSD 1_10mirn_20yrm.am - I
Reference: |NO SOURCE - |
Interpolation: lStandard - I
Mode: ) copped @ extended
Preserve: @ Voxel Size () Dimensions
Padding Value: ]

- Inthe Explore Workspace, create a slice object connected to the transformed data, and another one connected to
the 2D image.
In the Display options, activate the Fit to Points mechanism, and click 3 times in the viewer on the 2D slice.
As a result, the 3D Slice will be superimposed to the 2D one (flickering will occur)

Slice 2 () |

Data: lSDl_lem_ZDym.tansformed ']
Orientation: I Xy ] l Xz ] l 4 I
Translate: E —— E] 51.0349 B
4 Mapping Type:
Colormap: 5168 w N
Plane Definition: OFF

4 Display Options

Frame: [¥] show  width: 1

Options: [T adjust view [ rotate immed\abe [ lighting
Sampling: [ interp. data [ interp. texture || square texel
Transparency: @ Mone () Binary () Alpha

Brightness: ‘b— a B

Contrast: = 1 B

Embossing: OFF



thermoscientific

Applying an Extract Image to the Slice will effectively extract a new image data from the Slice

pata
Action:

SEM slice on the left, corresponding 3D microCT slice on the right
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