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Step Al : Load data

Bl Porosity.resampled.am @-—————+ OB ortho Slice 2 @ ‘ W
W
< >
Properties g x
& [] v Porosity.resampled.am ) 7 & @ $ ? } .
$ Lattice Info: 496 x 507 x 377, uniform coordinates
¥ Data Info: grayscale, 16-bit unsigned, min-max: 0...58569, window: 26623...65335, intensity ranges: 2 :
I Memory Size: 180.8 MB I
;‘ Physical Size: 9900, 10120, 7520 [mm] from 5, 5, 199.927 [mm)] |
¥ Voxel Size: 20 % 20 % 20 [mm] ! i ’
¥ Preview: ‘
1 .
|
|
l .
| J
X Master: NO SOURCE - =2
X Histogram: 0 | 5.8576+04 ! 3
X Shared Colormap: Edit. i
Resample image size if needed
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Step A2 : Clear History Log

7 Q, <Enter a search string>

£ Beam rning Correction © Clear History Log

(3 Editors % Clear History Log ) Clears the history log of data

Ti lat - aie .
- emp_a €S ! Clear History Log | @ Create | | More Info... |
(3 Experimental = S TTSTOYFTO

3 Al £ DualBeam 3D Wizard
3 Animate € Edit New Label Field

[T Annotate &3 Extract Subvolume

[ Compute €2 Filter Sandbox

3 Convert £ Interactive Thresholding
[ Correlation [l Ortho Slice

3 Display | Ortho Views

E3 Fiber Tracing 2 ROI Box

[ Geometry Transforms &3 Ring Artifact Removal

Clear History Log for creating Recipe (Optional)
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Step A3 : Closing by Reconstruction

E@Porosity.resampled.am @]

BClosing by Reconstruction (3 ’ OEOrtho Slice G |

B Porosity.resampled.closing™ () Ti

Properties g
3 ] v Closing by Reconstruction 2
¥ Input Image: Forosity.resampled.am vy =
Fo e
¥ Interpretation: 3D XY planes <
¥ Size [px]: @
¥ Precision: Faster =~
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Step A4 : Arithmetic

E@Porosity.resampled.am &)
[ EClosing by Reconstruction (3 (
BArithmetic () e\

EE Poraosity.resampled.closing™® @

EmResult* () + OB Ortho Slice G |
(m|
Froperties g X
& [ w |Arithmetic ' 2
It v Input A: Porosity.resampled.closing ~ =@
NS Input B: Porosity.resampled.am v =
I Input C: NO SOURCE =
XS Result Type: @ input A () regular
ﬁ Options: |:| ignore errors
I “ Result Channels: like input A -
NS Expression: A-B ) < i
E—

Subtract Porosity intensity from the background
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Step A5 : Auto Thresholding

. &

| ElArithmetic QJH Bl Porosity.resampled.closing® G |

\,’F EEResult* &) ¢ 4 E@Ortho Slice @ |
/\ ff #’+.|:||:|:|||:|r Wash & |
BlAuto Thresholding Gi& . 4 :
4 Ol Result.info* G | /

EEResult.labels® ) +*’#

]

[i]
Properties g =
Lt @ v | Auto Thresholding ?
I Input Image: Result v =
¥ Type: Auto Threshold High -
x Interpretation: @ 30 () XY planes
I Mode:
3 Input Range: o 22256 <
I Criterion: factorisation -
Adjust Input Range to threshold the Porosity
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Workflow B:

. HE Porosity.resampled.am u\_s,% {-E!DInteractive Thresholding (})J

HE Porosity.resampled.thresholded* -\3,]

[EICIosing by Reconstruction ()

B Clasing

BB Porosity.resampled.closing )

[ Bl Porosity.resampled2.closing™ &

BErosion &)
EEResult 3 B

[ Bl Porosity.resampled2.eroded™ kg,]

BArithmetic &

[ ElAuto Threshalding &)

[ Bl Convert Image Type (=) ]

OB Result.info &)

HE Porosity.resampled2.to-labelfield-16_bits® &)

BArithmetic 2 &)

HEResult.labels &) ].1 4} DArithmetic 3 @1 |\ @ Result2* ®

HLabel Analysis ) 4

' E@Result2.Label-Analysis® &)

EEResult3* &

ElLabel to Attribute 2 @]

Bllabel to Attribute

[E|Labe'| Analysis 2 @ \ EE Result2-Volume3d® .;_;.
\DD Result3.Label- Analysm-z* )

OB Result3-Slice-Fraction* G |

9 Proprietary & Confidential SCIENTIFIC



Step B1 : Interactive Thresholding

BEIE Porosity.resampled.am ) % @;mcﬁue Thresholding @1

BEPorosity.resampled.closing ) ]

Bl Result %

OEResult.info @]

OO Result.labels & ] |}

3 [ v Interactive Thresholding ~ [] ?
> Data: Porosity.resampled.am v =
Preview Type: 20 [ ]3p
Preview Orientation: @ Xy O ¥z O Yz

]
¥
¥
M Colormap: 0| AT | [sgs69 || Edit,
X
¥
¥
¥

Preview Slice Number: s >

Rendering: () transparent (@ opaque
Intensity Range:  |29052 'L 4 il 62157 (=
Color Mask: .

Creating a whole volume mask
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Step B2 : Closing

B0 Porosity.resampled.am @:]l i ﬁlﬁ"ii"i Ti“i“lili ﬁ i

I iy =
B Forosity.resampled.closing @] [ EHE FPorosity.resampled.thresholded E}l]

Cm >

BEResult &

Froperties

€ @ v [Cosing T

¥ Input Image: Porosity.resampled.thresholded = =
$ Type: Cube -

¥ Interpretation: @ 30 () xv planes

X Neighborhood: O6 ()18 @ 26

¥ Size [px]:

Creating a whole volume mask

ThermoFisher
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Step B3 : Erosion

[Ell Porosity.resampled?2._closing™ fj}\
E@ Ortho Sli
| EIEms oo E}J
/ OcColor Wash & ]

[ EdPorosity.resampled2.eroded™

Properties

&y [ ~ | Erosion ]

¥ Input Image: Porosity.resampled2.closing - =
¥ Type: Cube =~

¥ Interpretation: @ 30 () X planes

N Neighborhood: (6 ()18 @ 26

¥ Size [px]: 1

Erode by 1 px to shrink mask from the border
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Step B4 : Convert Image Type

Properties

' \[ EIE Ortho Slice @]

# OColor Wash & ]

[ =0 Pnrnsit',r.resarﬁpledl.erﬂded* @J

[ E@ Porosity.resampled2.to-labelfield-16_bits™ G e

3 f] v Convertimage Type |

¥ Data: Porosity.resampled2.eroded v =
% Info: 8-bit unsigned (0...1) -> 16-bit unsigned (0...1)
It Output Type: 16-bit label -
1 Options: clean labels
Convert a mask to 16-bit label image
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Step B5 : Arithmetic

i T ———— |
W —_
[ —
[ —
I
| BmPorosity.resampled2.to-labelfield-16_bits* G | e —
[ ——
I EEEYE}E}E}E}E}RERERER}RERERERERERERERERERERE R —
Y
 DArithmetic 2 &) B —————
-
-
[ EEResult2* @} { O Ortho Slice @] e —————
i e e
_——— e ——— e
< T EE————
_ ]
Froperties e ———————
_
© § v (Abmetez 1 -
e
$ * Input A: Porosity.resampled2.to-labelfield-16_bits ~ = e
e e e e
[ R R ——I—I—————————————— — — — — ——
T Input C: NO SOURCE - 2 e —
L e —————————
¥ Result Type: @ input A () regular
¥ Options: |:| ignore errors
¥ * Result Channels: like input A -
X Expression: |A*k |

Multiply a mask by index ‘k’ to calculate a volume per Z-slice
(one voxel thick each) ->1,],k=X,y, z
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Step B6 : Label Analysis

Bt [ |l
Volume3d (mm~3)  Area3d (mm~*2)  BaryCenterX (mm)
Mean 1.48792e+09 1.38051e+08 4995.36
Min 1.48559e+09 1.37838e+08 4989.22
Max 1.48832e+09 1.38088e+08 4997.07
Median 1.48797e+09 1.38055e+08 4995.25
Variance 1.37161e+11 1.15084e+09 1.80048
Kurtosis inf 6.88432e+06 -1.8946e+06
Skewness -- -2501.82 --
Volume3d (mm*~3)  Area3d (mm*2)  BaryCenterX (mm)
1 1.48686e+09 1.37954e+08 4992.56
2 1.48685e+09 1.37952e+08 499257
3 1.48679e+09 1.37947e+08 499254
;[ Data: Result? 4 1.48673e+09 1.37941e+08 499257
) 5 1.48688e+09 1.37955e+08 4992 66
¥ Intensity Image: NO SOURCE v 6 148729¢+09 137992¢+08 499327
$ Interpretation: (@ 30 () XY planes < 7 1.48754e+09 1.38016e+08 4993.83
$ e basic G 8 1.48762e+09 1.38023e+08 4994.01
9 1.48772e+09 1.38032e+08 4994.13
Calculate total volume per Z-slice
ThermoFisher
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Step B7 : Label to Attribute

l
EmResult2* @]

| OlLabel Analysis © /

ﬂl Result2.Label-Analysis™ & J

@el to Attribute (3 /
B Result2-Volume3d*® @% 4 OmOrtho Slice @]

1

Froperties
/ |
& § v Labelto ?{ | |
¥ Data: Result2.Label-Analysis ~ =
$ Label Image: Result2 | =
I Attribute: Volume3d —~ <
¥ Labels Column: index -
¥ Padding Value: [ ] Auto |0 <

Display total volume per Z-slice
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Workflow C:

. HE Porosity.resampled.am u\_s,% {-E!DInteractive Thresholding (})J

HE Porosity.resampled.thresholded* -\3,]

[EICIosing by Reconstruction ()

B Clasing

BB Porosity.resampled.closing )

[ Bl Porosity.resampled2.closing™ &

BArithmetic &

BErosion &)

EEResult 3

[ Bl Porosity.resampled2.eroded™ kg,]

[ ElAuto Threshalding &)

[ Bl Convert Image Type (=) ]

OB Result.info &)

[ HE Porosity.resampled2.to-labelfield-16_bits® &)

/ B Arithmetic 2 )

BHEResult.labels (};-1

{ B Arithmetic 3 @1 { E@Result2= 0]

BlLabel Analysis )

EEResult3* &

E@Result2.Label-Analysis® &)

ElLabel to Attribute 2 @]

[ DlLabel to Attribute

OB Result3-Slice-Fraction* G |

| BlLabel Analysis 2 (4 $ FIE Result2-Volume3g” G |

-~

EE Result3.Label-Analysis-2* &)
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Step C1: Arithmetic A*B

E@Volume Rendering Settings (e =
OEVolume Rendering

(=)
£

| |
—
| o~

R Multiply (masking) the
> result from A (porosity)
a. with ‘k’ pattern from B

@ inputa () regular

] ignore errors (mask), to link porosity

ike input A to its position in Z-axis
e ) ]

-ﬁ-ﬁ-ﬁ-ﬁ—ﬁ-ﬁ-ﬁa
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Step C2 : Label Analysis

m Selection of measure groups X
Choose a measure group: |HewMea5ure < : %
Custom measures: / Measures selected in the group:
P
Mame Formula
Name / Formula _
) ) Volume3d Native
Slice Fraction (-] & (1o0/ mum}* Volume3d Maximum Mative
Slice Fraction {100/ Maximum)* Yolume3d
Bl Result.labels ) ()
Native measures: / ﬂ Measure
BIEVolume Rendering Settings & Name
i Choose a measure: | Slice Fraction
OB Volume Rendering ® v Intensi <
eyMass - .
IntensityCount Qutput unit dimension:
MaJC_’"tY {100/ Maximum)* Volume3d
Maximum
Meap Type the measure formula here.
Median You can type the following:
- arithmetic: + -, =, [, **
- brackets: (), []
Data: Resuts f v - logical: !, &, ||, and, or
Intensity Image: No sourgE v \/ ) m?ﬂ“'?“=_::' A
- constants: pi,
Interpretation: @ 30‘) XY planes /
Measures: |NewMea5ure / A | EI
Variables Description Functions | | Measures
cx width of voxel (dis... abs(a) » Cooccurrence
i cy height of voxel (di... sqrt(a) > Feret
:0“ al ﬁ double-click in the cz depth of voxel (di... log(a) > Geometry
e - ez |nser_t gx width of input ima... exp(a) » Histogram
elements in the formula or directhy height of i ) 5 Inerti
deag and drop them. ay eight of input im... C_Ds(a) nertia
gz depth of input im... sina) > Intensity
ThermoFisher
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Step C3: Label Analysis

Volume3d (mm*3)  Maximum  Slice Fraction  index

Mean  1.68828e+06 148792e+09 0.113461 1885
Min 320000 148559 +09 0.00215386 10
Max. 1256e+07 148832e+09 0844181 3760

Median 1.27488e+06 148797e+09 00857196 1880

Variance 346667e+12 137161e+11 00156575 117812

Kurtosis  7.57146 inf 757475 -1.20005

Skewness 240198 200  75284e-06

Volumedd (mm”3)  Maximum  Slice Fraction  index

1 2.528e+06 148686e+09 017002 1

2 2912e+06 148685e+09 0195851 2

3 34326+06 148679e+09 0230833 3

4 380406 148673e+09 0255595 4

5 3.69e+06 148688e+09 0248574 5

6 3.048e+06 148720e+09 0204937 6

7 2.204e+06 148754e+09 0149508 7

8 2.256e+06 148762e+09 0151652 8
Intensity Image: Result2-Volume3d - 9 2.976e+06 148772e+09 0200038 9
Interpretation: @ 30 O XY planes 10 46480406 149768e+09 0312433 10
Measures: NewMeasure e 1 5736es06 1487712400 0385558 11

12 6.672e+06 14877e+09 0448479 12

Calculate Porosity fraction per Z-slice
ThermoFisher
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Workflow D:

. HE Porosity.resampled.am u\_s,% {-E!DInteractive Thresholding (})J

HE Porosity.resampled.thresholded* -\3,]

[EICIosing by Reconstruction ()

B Clasing

BB Porosity.resampled.closing )

[ Bl Porosity.resampled2.closing™ &

BArithmetic &

BErosion &)

EEResult 3

[ Bl Porosity.resampled2.eroded™ kg,]

[ ElAuto Threshalding &)

[ Bl Convert Image Type (=) ]

OB Result.info &)

HE Porosity.resampled2.to-labelfield-16_bits® &)

BArithmetic 2 &)

HEResult.labels &) ].1 4} DArithmetic 3 @1 |\ @ Result2* ®

D

ElLabel to Attribute 2 @]

BlLabel Analysis )

EEResult3* &

E@Result2.Label-Analysis® &)

[ DlLabel to Attribute

OB Result3-Slice-Fraction* G |

| BlLabel Analysis 2 (4 $ FIE Result2-Volume3d* )

EE Result3.Label-Analysis-2* &)
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Step D1 : Label to Attribute

BLabel Analysis (5

[E| Label to Attribute )

BEEResult2* &

ﬁ Result?.Label-Analysis* () ]

| ElLabel Analysis 2 34

[ BHEResult3.Label-Analysis-2* &

<

* Bl Result2-Volume3d™ @]

OB Ortho Slice & BB Result3-Slice-Fraction™ :‘j}]

ELabel to Aw

Properties

4 ] v | Label ty Attribute 2 |

¥ Data: Result3.Label-Analysis-2 «| =

¥ Label Image: Result2 v =D
¥ Attribute: Slice Fraction ~ <«

;': Labels Column: index -

¥ Padding Value: [ ]Auto |0 <<

Visualize Porosity fraction per Z-slice
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Results:

23

Volume3d (mm™3)

Mean 1.68828e+06
Min 32000.0

Max 1.256e+07
Median  1.27488e+06
Variance 3.46667e+12
Kurtosis  7.57146
Skewness 2.40198

1
2
3
4
5
6
7
)
9

Volume3d (mm™3)
2.528e+06
2.912e+06
3432e+06
3.8e+06
3.696e+06
3.048e+06
2.224e+06
2.256e+06
2.976e+06
4.648e+06
5.736e+06
6.672e+06
9.224e+06
1.1736e+07
1.256e+07
1.108e+07
7.184e+06
4.816e+06
3.152e+06
1.552e+06
872000.0
1.032e+06
1.712e+06
2.008e+06
1.896e+06

AT~ NS
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Maximum
1.48792e+09
1.4855%9e+09
1.48832e+09
1.48797e+09
1.37161e+11

Maximum
1.48686e+09
1.48685e+09
1.48679e+09
1.48673e+09
1.48688e+09
1.4872%9e+09
1.48754e+09
1.48762e+09
1.48772e+09
1.48768e+09
1.48771e+09
1.4877e+09
1.48772e+09
1.4878e+09
1.48783e+09
1.48784e+09
1.48786e+09
1.48786e+09
1.48787e+09
1.48798e+09
1.48802e+09
1.4881e+09
1.48815e+09
1.48818e+09
1.48822e+09

A4 ADDTITI A« A0

Slice Fraction index
0.113461 188.5
0.00215386 1.0
0.844181 376.0
0.0857196 188.0
0.0156575 11781.2
7.57475 -1.20005
240236 7.5284e-06

Slice Fraction
0.170022
0.195851
0.230833
0.255595
0.248574
0.204937
0.149508
0.151652
0.200038
0.312433
0.385558
0448479
0.620009
0.788816
0.844181
0.744704
0482842
0.323685
0.211846
0.104303
0.0586012
0.06935
0.115042
0.13493
0.1274

M AADIADY

Wt = 3w =

Data courtesy of School of Engineering, Newcastle University




