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DIFFRACTION CONTRAST TOMOGRAPHY (DCT)

A SHORT INTRODUCTION

What is it?
@ Acquire 2D images from different angles
@ Acquire transmitted and diffracted beam

(notice: the acquisition area is larger than the beam)
o Identify and group diffraction spots by grain
@ Reconstruct the grains individually

How is it different than XCT?
@ Reveals 3D grains orientation and shape
@ Allows to build digital models of the sample

@ Enables new experiments; e.g.: visualize slip
bands

Figure 1: DCT setup (simulation). Credits: Wolfgang Ludwig.
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DIFFRACTION CONTRAST TOMOGRAPHY (DCT)

A SHORT INTRODUCTION

What is it?
@ Acquire 2D images from different angles

@ Acquire transmitted and diffracted beam

(notice: the acquisition area is larger than the beam)

Identify and group diffraction spots by grain

Reconstruct the grains individually

How is it different than XCT?
@ Reveals 3D grains orientation and shape
@ Allows to build digital models of the sample

@ Enables new experiments; e.g.: visualize slip
bands

Figure 2: Reconstructed volume with individual grains
segmented (different colors). Credits: Wolfgang Ludwig.
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PIPELINE: FROM ACQUISITION TO 3D RECONSTRUCTION

DCT reconstruction pipeline _ ; 2 iels —
pip 1 dataset = 3k ~ 14k images of 20482 pixels = 56GB ~ 252GB (f10at32) 3k ~ 100k 3D-blobs
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Figure 3: Main steps in DCT's reconstruction pipeline
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PIPELINE: FROM ACQUISITION TO 3D RECONSTRUCTION

DCT reconstruction pipeline current work
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PREPROCESSING

slics: 3 Image characteristics
adient @ 4 sensors gl’ld

@ source intensity oscillates
i.e. beam intensity variation over 1)

direct beam &

@ beam/blobs brightness 2 scales apart

Boation axis () @ blobs closer to r are 1-longer

B0 800 1000 12000 1400 1B00 1800 2000
X

Figure 4: Raw acquisition
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PREPROCESSING

Slice: 3 Image characteristics

@ 4 sensors grid

“radial” gradient
@ source intensity oscillates
i.e. beam intensity variation over 1)

direct beam

@ beam/blobs brightness 2 scales apart

Boation axis () @ blobs closer to r are 1-longer

Preprocessing steps
@ subtract the offset

o (optional) normalize by the margin's average

subtract a per-pixel ¥-wise moving median

i.e. 1D moving median on 20482 positions
B0 800 1000 12000 1400 1B00 1800 2000

¢ e 2D median filter (per frame)

Figure 4: Raw acquisition
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PREPROCESSED IMAGE

Figure 5: Preprocessed image
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SEGMENTATION

DOUBLE THRESHOLD IN 8D

@ threshold the image
& 2™ @ find all connected regions

for each connected region

@ find the local maximum value M

min Fa e Seed threshold parameters Grow threshold [imirs Bog
e Seed threshold 30 thrgrow low 10 @ the local threshold is 7M
Seed min area 40 thr_grow_high 50 T € [0, 1] is the tolerance parameter
30 adaptive double thrashold segmentation Colour map @ from M'’s location, get a BB? of size 2 X
Other parameters et bb
- max
(@ Gray
thr_grew_ratio 0.1 R3 | i
Sendom bbmax € R is the maximum BB parameter
min blob size | 10 10 0 . :
: Debug mode (setup CL @ threshold the BB with 7M and get its con-
max blob size | 200 200 40
| Sigsazan nected component ¢
extend blobiner. | 39 30 2 |
Difspot parameters @ keep it if bbpyin <= ¢ <= bbmax
kiR g _Write difblo...
W Wirite difspot met... _
Recalculate | Wit adf .. ?bounding box
Difspot

700
800

blob3Dsoft ]

Figure 6: Double threshold interface
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METAMORPHOSIS

BEFO
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ST naTevELe
tErrar
SteSFaLsF
gtEstimateErrors
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gtEvaluateCalibrationQuali
gtEvaluateCalibrationScan

gtExternalCompileFunctions
gtextract
gtFedActiveVoluneVaxels
gtFedApplyFields
gtFedApplyFieldEalance
gtFedApplyFieldFlow
gtFedApplyFieldFlowPolyChr

gtPrepraocessing

gtPr
gtPrepDefaultparanaters
= gtp

gtPrepDefaultParaneters gtPreprocessing

ojects/mytex/p

gtGeoPlLabFroaThetakta
gtGeoPointProjectionsinDetactor
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gtGetLastDirlane
gtGetMaxDifspat
gtGetMaxDisorientation
gtGetMaxExtInage
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gtGetMeanFulLInage
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gtGetODFF romGuda
gtGetParentFigure
gtGetRawR
gtGetReflactions
gtGetSignalAutacorrelation
gtGetSignalEneray
gtGetSignallioiseRatio
gtGetSignalPowar
gtGetSignalSpectralDensityPower
gtGetSinglesValues

gtPrintExcaption

gtPrintException

25 aoit 17:05

ssh -X mices

gtMathsGradient
gtMathsIsPointInPolyhedron
gthathsLaplacian
gtMathsLinePairsIntersections
gtMathsLinePlanasIntersactions
gtMathsLinePolyhedronIntersactions
gtMathsLinesDists
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gtMathsMatrixProduct
gtMathsMirrorPointsOnAxis
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gtMathsRotationMatrixComp
gtMathsRotationTensor
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gtMathsRotationTranslationTensor
gtMathsSegnentConstrainedlevalset
gtMathsSIRTSoLvaCell
gtMathsSquareNorn
gtMathsSuaCellVolunes
gtMathssusNDVal
gtMathsiniqueTol
gtMathsUpsanplevolume
gtMathsVectorsAngles
gtMathsVectorsAnglesieg
gtMathsVec torsAnglesRad
gthatrixzVector
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ssh X mice8

gtTaperlpdatetrains
gtTest_gtGDUpdateDualDetectar_c
gtTest gt6DUpdateDualll
gtTest gtGDUpdatePrinal c
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gtThinCrack
gtThinCrackz
gtTIFInfoReader
gtTIFVolReader
S
ST riggerlipdaseCal back
gtTwinCalculateVariants
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gtlpdatespot2rain
gtUpdateXniFile
gtVector2Matrix
gtVectorCryst2Lab
gtvectorLabzCryst
gtVectorOrientationColor
gtVeri fyEDFHeader
gEVGStudiolUT
gtValRead
gtVolReadSingle
gtVolumeGatSlica
gtVolumeMaskEarder
gtVTKCanvertTypetatLab2VTk
gtVTKConvertTypeVTK2Hatlab
gEVTKMeshReader
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gEVTKStructGridiriter
gtWriteBlobToHDFS
gEWriteDifStackASTRA roi
gEXMLLooKkupTabLaWrit
gtZebracmap
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gtZsetMeshiriter

e functions for OAR? Not normally needed! [y/n] : [n] n
t to reset all the parameters for preprocassing? [y/n] : [n] n

to verify/change the (default) preprocessing parameters?

Yo redefine the direct heas BoupdingBox (currently 709 881 632 304117 [y/n]
to (re)-calculate the Rotation Axis position (currently 1022.0)7 [y/n] : [nl n
3 [ e ot o e (e (e o e i (a7 - o =
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|
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METAMORPHOSIS

BEFORE

<} com-mathworks-util-PostVMinit v 25 aoit 17:05 8] 100%

e % @

gtTaperlpdateGrains
+_gtGDUpdateDualDetector,

Figure 1: gtModifyStructure Version 003

Edit the values, click "OK" when you are happy

Check setup geometry parameters

beamdir I 100 double Beam direction in LAB reference {unit row vector)
rotpos I 000 double Rotation axis position (arbitrary point on axis) in LAB
deflab¥ [ Along the beam direction, char Description how Lsb X direction was chesen [for records only]
deflabl I Right—handed from Y =cross(Z,%). char Description how Lab Y ditection was chesen [for records only]
deflabZ I Hlong rotation axis, Fositive away from sample stage. char Description how Lab Z ditection was chesen [for records onlyl
labunit I o char LAB units (default is mm) [for records only]
rotdir I 001 double Retation axis ditection in LAB (unit row vestor} omega is right-handed rotation

Check.

gtp:

gtPrintException

1t) prepr
BoundingBo

ation Ax
BaundingBox
e Area of the
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METAMORPHOSIS

BEFORE Now
e MATLAB e Python
— paid — free, open-source
— window-based application (ssh -X...) — IPython/JupyterLab-based application
— pipeline “spread” over several files/functions — pipeline in Jupyter Notebooks
— user types commands — notebook guides the user
— parameters in .m file — parameters in YAML files (human-readable)
— compiled — interpreted
— command line interface 4+ windowed interfaces — notebooks with functions and widgets
— backend vs. fronted — code as software
— dependency on file/folder naming convention — user-configurable URLs (path + hdf5 link)
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METAMORPHOSIS
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METAMORPHOSIS
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METAMORPHOSIS

BEFORE

e EDF files
— ESRF-specific format
— 1 volume = 3600 files
— metadata in yet other files

JoAo P C BErToLDO (MINES PARISTECH/ESRF)

Now
e HDF5 files

— generic format
— 1 volume = 1 file
— metadata in the same file
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METAMORPHOSIS

BEFORE Now

e EDF files e HDFb5 files
— ESRF-specific format — generic format
— 1 volume = 3600 files — 1 volume = 1 file
— metadata in yet other files — metadata in the same file

e Parallelized on several machines e Parallelized on a single machine’s cores
— OAR (job config files, management) — Python’s native library multiprocessing
— network communication — no network transfer
— repeated io-operations — shared memory space
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METAMORPHOSIS

BEFORE Now
o EDF files o HDF5 files

— ESRF-specific format
— 1 volume = 3600 files
— metadata in yet other files

e Parallelized on several machines

— OAR (job config files, management)
— network communication

— repeated io-operations

e Performance

— =30 minutes
— 8 machines

— generic format
— 1 volume = 1 file
— metadata in the same file

Parallelized on a single machine’s cores

— Python’s native library multiprocessing
— no network transfer
— shared memory space

Performance
— 10~15 minutes
— single 30-core machine
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METAMORPHOSIS

BEFORE Now
e EDF files e HDFb5 files
— ESRF-specific format — generic format
— 1 volume = 3600 files — 1 volume = 1 file
— metadata in yet other files — metadata in the same file
e Parallelized on several machines e Parallelized on a single machine’s cores
— OAR (job config files, management) — Python’s native library multiprocessing
— network communication — no network transfer
— repeated io-operations — shared memory space
e Performance e Performance
— &30 minutes — 10~15 minutes
— 8 machines — single 30-core machine
RESULTS

e Installed and used in Psyché during an experiment

e Kenza's material (AD730) processed with pydct
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DirspoTS FROM AD730

File Options Views Help
o it ome oacpebertoldo/Downloads difspotsi000000.hz/
Name Description Type Shape  Link
B 00000005 HDFS File
« Ama @ 2151 int64  scalar Ealuioky
W BoundingBox @ Compressed.. int6d 2x3 e
W BoundingBoxOriginSize (1) Compressed.. int64 2x 3 =, M
« BoundingBoxXorigin (@) 762 int64  scalar
. Boumdnggoctsze @ 45 et oot Local ihome/joaopcbertoldo/Downloads/difspots/000000.hs:
« BoundngSoxvorgn  (§) 1084 int64  scalar Physical iome/joaopcbertoldo/Downloads/dispots/000000.n5:
 BoundingBoxYsizs (@ 63 inte4  scalar Attributes
o Centroidimage @ 137385 float64. scalar ——— [
~/ Centroidindex @ Compressed.. floatss 3
o Centroiax @ 189391 float64 scalar el
o Centroidy @ 355055 float4 scalar notation_indexing  “starts with 1 (MATLAB)"
@ Data @ Compressed.. float2 & x 63 x 45
@ DataMasked @ Compressed.. floatd2 6 x 63 % 45
o difspotiD @0 int4  scalar
o Endimage @ 1350 inte4  scalar
o Integral @ 2797966+07 float32 scalar
® Mask @ Compressed.. int8 6 x63x 45
o Maximage @1 intea  scalar
o~ Maxintensityindex @ Compressed.. ints4 3
W Projection @ Compressed... float32 63 x 45
o Statimage @ 1345 intea  scalar
» £ 000001HS
» £ 0000025
» £ 00000305
b £ 00000405
» £ 0000055
» £ 0000065
T .7 @ors
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DirspoTS FROM AD730

Flle Options Views Help

o i

Name Desciiption Type Shape

~ £ 000000h5
o Aea @ 2151 int64  scalar
W BoundingBox @ Compressed. int4 2%3
W BoundingBoxOriginSize (T) Compressed.. int6d 2 x3

* BoundingBoxXorigin (V) 762 inté4  scalar
o BoundingBoxXsize (1) 45 int64  scalar
« BoundingBoxYorign () 1084 int64  scalar
+ BoundingBoxYsize @ 83 64 scalar
o Centroidimage @ 137985 floaté4 scalar
s Centroidindex @) Compressed.. floaté4 3
« CentroidX @ 188391 float64 scalar
o Centroiay @ 35505 foate4. scalar
Data Compressed... floatd2 6 63 % 45
@ DataMasked ) Compressed.. float32 6 x 63 x 45
o difspotiD @0 4 scalar
« Endimage @ 1350 int64  scalar
o integral () 2757966+07 float32 scalar
@ Mask @) Compressed.. int8 6% 63 %45
o Maxmage @1 int64  scalar
v Maxintensityindex  (7) Compressed. in®4 3
W Projection @ Compressed.. floatd2 63 x 45
o Startimage @ 1345 int6d  scalar
» £ 000001HS
» £ 0000025
» £ 00000305
b £ 0000045
000005 h5

Is

b £ 00000815

Link

A X

60§

50 4

>

304

204

10 4

-10
X: 6256841 ¥: 1852363
s selection
Dimension -

Dimension 1 |y

Dimension 2 |x ~

@ HOF5

B curve

[ image B Raw

Inome:joacpebertoldo/Downloads/difspots/000000.h5:/Data

N |Gd TR e

/Datal0, :, :

Data: - Dims: 45x83

4] 4

e 0 ©
128
000
2000
2000
1000
: 10
> | M
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DirspoTS FROM AD730

3

Options  Views  Help

< 12
Name
~ £ 000000.n5
o Aea
W BoundingBox
W BoundingBoxOriginSize
« BoundingBoxXorigin
*  BoundingBoxXsize
« BoundingBoxYorigin
« BoundingBoxYsize
+ Centroidimags
s Centroidindex
o Centroiax
+ Centroidy
@ Data
‘DataMasked
« difspotin
o Endimage
« Integral
@ Mask
o Maximage
A Maxintensityindex
W Projection
o Statimage
} £ 000001h5
» & 000002h5

£ 000003.n5

£ 00000405
> 00000515

} 2 0D00DENS

Deseription Type Shape

2151 intsd  scalar

Compressed.. int64 2x3

Compressed.. ints4 23

® 82 int6d  scalar
@ 45 int4  scalar
@ 1084 int64  scalar
® e intga  scalar
® 1.37985 float64 scalar

Compressed... fioat64 3

16.9391 floata scalar

35.5055 floats4 scalar

) Compressed.. foat32 6 x 63 x 45
Compressed... fioat32 6 x 63 x 45

®o int64  scalar

@ 1350 int64  scalar

() 279796e+07 float32 scalar

@ Compressed.. int8 6 x 63 % 45

@1 int6d  scalar

(@) Compressed.. ints4 3

(@ Compressed.. floatd2 63 x 45

@ 1345 int6a  scalar

e 0
/home/joacpebertoldo/Downloads/difspots/000000.h5 /DataMasked
L X Gl BB e - %
4128
/DataMasked[0, :, :]
4000
60 4
50 4
3000
0 4
-
30 4
2000
204
10 4 1000
04
-20 50 60
o
X: 4.385429 Y: 0.1384615 Data: 0 Dims: 45x83
Axis selection
Dimension0 |+ 4| Qo |imisos [ p | P

Dimension 1 |y

Dimension 2 | x ¥

@ HDF5 S curve O image BH Raw

Image stack
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SEGMENTATION

DOUBLE THRESHOLD IN 1D
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Figure 7: double thsrehold illustration
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