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1. Purpose

The purpose of this document is to provide instructions for calibration and application
of CT scaling and optional User-Defined Scaling for Carl ZEISS X-ray Microscopy, Inc.
images. ZEISS CT scaling is the process by which the images produced have the
appropriate Houndsfield units (HU), in which air and water have values of 0 and 1000,
respectively. User-Defined Scaling can scale images to any two values, not necessarily
0 and 1000.

The calibration for CT scaling involves scanning a CT scaling phantom and performing
analysis on the images. The application of CT scaling involves selecting CT scaling
during reconstruction, and the output images have the proper Houndsfield units.

WARNING: CT Scaling and User-Defined Scaling will only be successfill if your
sample is completely within the field of view in width. If your sample extends in
width (side-to-side) beyond the edge of the field of view, and air is not visible on
both sides of the sample for the entire rotation of the image, the scaling will NOT
be preserved.

Note: General acquisition information may be found in Chapters 3- 6 of the User’s Guide.

2. Phantoms for CT Scaling

There are several phantoms available for CT scaling:
e Water Phantom Kit for 1X to 10X objectives: Part# A00732 contains:
o Small Water Material: Part# A000598
o Large Water Material: Part# A000597
e ORM 3D Phantom Assembly for Macro objective: Part# A001126

e High Resolution Water Material Assembly for 20X objective: Part# A001186
A001126
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Figure 1: Small Water Material, Part A000598, and Large Water Material, Part
A000597 shown in the pin vice sample holder.

3. Description of CT Scaling for ZEISS
For ZEISS, the CT scaling for our tomography images will be offset by +1000 from
typical Medical CT Scaling!:

e air pixels = 0 +- 100 (density 0),

e water = 1000 +- 100 (density 1.0)

All CT scaled images must be reconstructed with USHORT format.

! Typical Medical CT scaling is: air = -1000, water = 0, objects linearly scaling depending on their
physical density as compared to water
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Figure 2: HU Scaling

The calibration for CT scaling must be performed for each of the following variables:
a) kV
b) Objective
¢) Beam hardening coefficient

d) Source filter

Note: The best method for CT scaling is to define the scanning parameters for your particular
sample BEFORE running this CT scaling procedure. This will ensure that the scaling matches
the sample data.

All other variables such as source or detector distance, number of projections in a
tomography set, exposure, binning, etc., are correctly compensated for in the CT
scaling, so separate calibrations do not need to be performed for these variations in
acquisition.

For example, if the user would like CT scaled images for 100kV, 8W, source-RA
distance of 200mm, detector-RA distance of 80mm, 4x objective, bin 2, exposure 3 sec
per projection, 181 projections, -90 to 90 degrees, reconstruction with beam hardening
of 1.0, a calibration must have been performed with 100kV, 4x objective, and 1.0 beam
hardening. All other parameters will be compensated for in the scaling.

If the calibration does not exist corresponding to their imaging parameters, the user
will not be allowed to choose CT scaling for that reconstruction.
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4. Description of User-Defined Scaling for ZEISS

Some users may wish to define the scaling differently than for HU scaling. This process
will be called ‘User-Defined Scaling’. FFor example, a user may wish to set the value of
air to 5000 instead of 0, to avoid truncation of data when values are below 0. And the
user may wish to set the maximum value to a value in rock, instead of water. The graph
of the scaling would appear as follows:

User Defined Scaling pixel values
A A

65535 -

User L p | IR s

User T £ . f
Min o |
/ I attenuation (floating point values)

Figure 3: User Defined Scaling

The calibration steps necessary to perform User-Defined Scaling will be described in
the calibration section.
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5. Calibration for CT Scaling

The initial step for CT Scaling is to decide which kV, objectives, beam hardening, and
source filter combinations the site will require for the CT Scaled images. Follow the
appropriate procedure based on the objective chosen.

Note: General acquisition information may be found in Chapters 3- 6 of the User’s Guide.

5.1. CT Scaling Calibration for Macro objective

WARNING: CT Scaling will only be successtill if your sample is completely
within the field of view in width. If your sample extends in width (side-to-
side) beyond the edge of the field of view, and air is not visible on both sides
of the sample for the entire rotation of the image, the scaling will NOT be
preserved.

Two phantoms may be used for scaling the Macro objective. The user should select
the correct phantom based on which one matches the overall size of the samples to
be imaged. If the sample diameter size is comparable to the large QRM phantom
(3.2cm, for in-vivo studies), Part A001126, then CT scaling should use this phantom.
It the sample is smaller diameter, <15mm, then CT scale based on the smaller
phantom. For instructions to CT scale based on the smaller phantom, see section
5.2.

This procedure is intended to be used with the animal holder either with or without
the acrylic shell.
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Step Picture Description

Pre-define all CT scaling parameters:
kV, beam hardening, and the appropriate
source filter.

For sites with an optional acrylic shell
surrounding the sample, determine
whether or not the images will be taken
with the acrylic shell animal holder, or
with a smaller animal holder.

Install or remove the phantom acrylic
shell to match the animal scanning.

3) §% 20080122_phantom - Image 1 at -90.00 degrees

3612.086, 21462. 906.000 B y— B!

Set all other values to nominal settings
appropriate for your site.

Note: You may choose a smaller number of
projections and higher binning than normal
to speed up acquisition and reconstruction.

Scan the ‘Phantom CT Scale — Large’
phantom using exact parameters as
specified.

Note: Ensure that the top of the phantom s
below the top of the image so there will be a
clean slice of air.
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Make a reference image as desired. In
general, use the same exposure time per
projection of the tomography set, and
take 10 averages.

Note: Additional guidance on references
may be found in chapter 5 of the chapter 5 of
the User’s Guide.

Apply the reference filter to the phantom
projection set.

Save and close the phantom projection
set.

Open up the projection set in
XMReconstructor

Perform focal series for center shift, and
record the center shift value.

Note: Additional guidance on
reconstruction may be found in Chapter 6 of
the User’s Guide.

Select the beam hardening to match the
sample imaged (do not optimize based
on the phantom).

10)

Reconstruct using global max/min
recon, ushort data format, any binning,
correct center shift, beam hardening
desired, ring filter on or off, and recon
filter on.

11)

After reconstruction has been completed,
open the reconstructed images in the
XMController.

12)

Scroll through the images to about half-
way through the images, finding a clean
image near the middle.
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13)

Open the Image Control Set, and select
the ‘Circle’ in the Annotation tab.

14)

an-unm-q ]

= the other inserts.
@)

...
&%
£ Wi &=
O QB
A " L

11088.264,9240.39014.000 - =l + (13 Lock to Annctation Toal (]

ROI 1: Background material: Draw a
2.l circular ROI in the location below,
changing the shape and location using
the ‘Arrow’ control at the top of the
Annotation tab. This ROI is NOT in any
e of the circles, but is in the background
n material in a location symmetric with

G000135, REV-D Carl Zeiss X-ray Microscopy, Inc.. [] Confidential
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15)

(al}

Process | Wiew indow  Help

Image Calculator, ..

A —

RiOI Statistics

(=]
=

16)

Focus Function. ..
Filkers
Enhance Conkrask

Edge Detection

Flip or FRokate

Power Spectrum

Stage Correction

Crop

Copy ko clipboard

Wyrite bwo other planes
Image Resize

Apply Multiple Reference
Apply Source drift correction

Save CT5cale Data

No Selection

17)

ROJ Statistics

001 [22883.00

443,215) 45556.00

4003048.00 39569.00

3955689

\:!) Do you want to find ROI statistics of all Images?

1861.41

Maximum
Sum

[oo2 2442700 |30, 218) 4502800 |(167,206) 63794480.00 3940300 |39427.98 [1911.62

|oos (70500 (426,192 |4434300  |(426,1%2)  |6b8135200 3333200 3329625 190756

2328300 (362.1%)  |4626300  |(321197)  [6335724000 3927500 |39157.75 |207412

|2218500 |152. 209 (215,202 [6326008400  [3520500 [39097.70 |2180.95

. 219) (88, 208) |63316132.00 39141.00 |39132.34 |2007.69

07| ,226) |44603.00 150, 2 163236752.00 3903800 |39083.28 [1914.33

008 |27173.00_|(88. 210) 145937.00 (90, 210) 62881312.00 33016.00 |3886361 |1947.32

009 12778300 |(419,218) 44910.00 (146, 207) 62675360.00 38776.00 |38736.32 |1963.35

010 129111.00 |(218, 228) 47223.00 ‘{25‘3, 201) 62511016.00 38631.00 |38634.74 |193457

01 (3120800 [(334,221) 4326900 |(396,196)  [6236434400 |30617.00 |3854409 |173247

3225000 (214,227)  |44880.00  |(163,206)  [6227437200 |38557.00 3848886 170114

|30 [184.205  laz02o0  |ees22)  [sorsos0acn  [3ses200 |3843653 [166205

2875400 |(234,201)  |4358500  |(244,225) (6204330400  |38338.00 (3834933 |1675.89

5 2777300 |15, 207) 4316500 [(116.207) 6173616400 38139.00 |3815585 |1671.16

016 |29348.00 | (429, 216) 145200.00 (133, 231) 61211808.00 37931.00 |37831.77 |1778.77

017 | 26746.00 [\ 04,233) 44818.00 (82, 234) 50451288.00 3750000 |37361.74 |1945.18

I[IIS 124811.00 |(264, 200) 44174.00 (150, 230) 59682472.00 36875.00 | 3688657 |1688.93
Noof psels [F] [ PotGoph | [ saveDaa

Generate the ROI1 statistics by
i selecting Process —ROI Statistics.

Select “Yes’ to statistics for all images.

hen the statistics are displayed, choose
Mean’ in the bottom drop-down box,
and then press ‘Plot Graph'.
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18)

19)

{0

I S 4 B

appear. Press the Zoom’ button, and
draw a square around the peak in the
middle.

B When the zoomed plot is displayed,
edord the ROI 1 value.

ROI 1 Value =

39770 from this example)

he graph of the mean values will

20)

290.0

Press ‘Reset Zoom’ to zoom out the plot.

Go0001385, REV-D
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21) FDraw a rectangle for Air in the location
1s in the following figure.
22) hen the zoomed plot is displayed,
record the Air value.
1 || Air Value =
| (~36750 from example)
E'
]
]
b |
d
23) Close the X-Y Plot and the ROI
statistics page.
24) | GRS Select ‘Process->Save CTScale Data’.
E ] Image Calculator... Bt I L
ﬁ RO Statistics
= Focus Function...
Filkers
Enhance Contrast
Edge Detection
Flip or Rotate
Power Spectrum
Stage Correction
Crap
Copy to clipboard
\Write bwo other planes
Image Resize
Apply Multiple Reference
Apply Source drift carrection
Save CTocale Data
G000135, REV-D Carl Zeiss X-ray Microscopy, Inc.. [] Confidential 13

4385 Hopyard Road Suit 1000 Pleasanton [ CA [] 94588 [ 925-701-3600




Title: CT Scaling Instructions

Part No: Rev:
G000185 E

Date: 2/11/09

Created by: Susan Candell

Approved by: See ECO
Date:

Product:

Used on:

25) — Enter the name of the filter.
Filter:  none hé
Nober st Tnssite: || 2 = Note: This name will be used when
I ‘ applying the CT scaling later during
E:::: :::Lem F :z: :::;em reconstr.uct?on. Chogse sgmethz'ng which wz'l.l
— i — clearly indicate which filter was used for this
[ ok | [ Conce | CT scaling session, or enter ‘none’ if no filter
1s used.
26) Select ‘2" as the number of inserts for
[save CTscale Information this phantom, and verity that the default
iy - = insert densities are as below.
Number of Inserts 2 - d . f .
0) ensity ot air
Dm0 | Roioia 1.1 density of};nsert 1
Density of Insert 1 E] ROl of Insert 1
[ ok | [ cence | Note: If you have been shipped with a
phantom with other than these densities,
enter in the correct densities on this page.
The other nominal densities for this phantom
are 1.16, 1.26, and 1.66, and 1.86. See
exact phantom_for actual densities.
27) [save CTScale Information Next enter in the ROI of Air value and
Fier,  none z the ROI of Insert 1 values as determined
e tiveie |1 - in the previous steps and press ‘OK’.
Density of A D ROI of &t
Density of Insert 1 |115—l ROI of Insert 1
| 0K l I Cancel |
28) Repeat all the steps from this section for

each kV, Beam Hardening, and the
Source Filter desired.

Go to Section 6 to verify that the scaling is implemented correctly.

G000135, REV-D
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5.2. CT Scaling for 1x, 2x objectives

WARNING: CT Scaling will only be successtill if your sample is completely
within the field of view in width. If your sample extends in width (side-to-
side) beyond the edge of the field of view, and air is not visible on both sides
of the sample for the entire rotation of the image, the scaling will NOT be
preserved.

This procedure is intended to be used for 2x magnification objective. The process is
the same for all objectives, but the images and regions to use are different enough to
illustrate separately below.

Step

Picture Description

1)

Pre-define all CT scaling parameters:

kV, Beam Hardening, and the appropriate
Source Filter for the images desired to be
CT scaled.

Set all other values to nominal settings
appropriate for your site.

Note: You may choose a smaller number of
projections and higher binning than normal
to speed up acquisition and reconstruction.

Scan the ‘Large Water Material, Part
Number A000597" phantom using the
exact parameters as specified.

Note: Ensure that the top of the phantom s
below the top of the image so that there is a
clean slice of air above the phantom.

Go00135, REV-D Carl Zeiss X-ray Microscopy, Inc.. [] Confidential 15
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Make a reference scan as desired.

Note: In general, use the same exposure per
projection of the tomography set, and take 10
averages.

Apply the reference filter to the phantom
projection set.

Save and close the phantom projection
set.

Open up the projection set in
XMReconstructor.

Perform focal series for center shift,
making sure to record the value.

Select the beam hardening to match the
sample imaged (do not optimize based on
the phantom).

10)

Reconstruct using global max/min recon,
USHORT data format, any binning,
correct center shift, beam hardening
desired, ring filter on or off, and recon
filter on.

11)

After reconstruction has completed, open
the reconstructed images in
XMController.

12)

Scroll through the images to about half-
way through the images, finding a clean
image near the middle.

G000135, REV-D
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13)

14)

Open the Image Control Set, and select
the ‘Circle’ in the Annotation tab.

2% Annotation %' § 4 »

b <

Draw a circular ROI directly in the
middle of the phantom, filling up
approximately 80% of the phantom.

Move and size the ROI using the ‘arrow’
control.
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1 5) = TXMController - Advanced user Mode

File Microscope | Process | Miew Window Help

Image Calculator...

=8
|

e

/" ctscale large

ROI Statistics

£ ctscale larg

<

Filters
3D Filters
Enhance Contrast
Edge Detection
Flip or Rotate
Power Spectrum
Stage Correction
Crop
Caopy to clipboard
Write two other planes
=yport Metr
Image Resize

Apply Multiple Reference
Apply Source drift correction
Save CTScale Data

Focus Function...

1 6) No Selection

-2502.718, 4779. 18127.000

1 ) Do you want to find ROI statistics of all Images?

Yes

enerate the ROI statistics by selecting
Process—ROI Statistics.

Mo

1 7) ROI Statistics

Select Yes.

239 12, 264) I [16351.00 1864660
0127, 252) U700 |[510,254) (6362500800 |1843300 |186%6.06 266397
28243 A71800|(68.226) 6771000165560 (1876731 |
012.244) 221300 [n9.263
152.247) e (122,263 %)
159, 220) RETI0|(0.266) 64036000 1676900 |1830%0 2681 42
505,252 |30 [13.256) 647363600 16300 1905110 306338
|16.252) 7E20 |[0.237) (6505100400 |1E9B600 [1914391 16067
14.257) 211200 131. 240) 65345004 00 [1910200 1923043 | 015738
[n7. 208 G000 (64,235 (653020800 1915800 1930308 339824
[163.271)  [3043300 64,235 6569309000 |1927400 1938178 |34
5.5 RN |F240) 667272000 1938100 |1950345 340346
6249 |2m0m |[506.25% |eesish200 [1952900 195030 | Te_|
Wes. 280 |sTam (B2 677552000 1971300 |19651.42 350718
|483,265  [20%6700 1508, 25| |66o7e78R00  [1964200 1971124 350250
w6227 |weam  [127.250) 671070000 1968300 |1974306 357809
w270 |0 (437280 67214800 1390600 1978057 |05
06,259 0 [51.2%) craa00 19700 1wm2 [wen | )
Nootpss 333 ][ Potboh | [ saveDaa

Go0001385, REV-D
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‘Mean’ in the bottom drop-down box, and
then press ‘Plot Graph’.
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18)

TETTETER (T8 1T

The graph of the mean values will appear

1 as below. Press the Zoom’ button, and

L draw a square around the bottom for the

= Air ROL

19)

L

/hen the zoomed plot is displayed,
cord Air value

ir Value =

17700 from example)

a

20)

450 500 550

21)

Mean

[ [ |

Press ‘Reset Zoom’ to zoom out the plot.

EZN Draw a rectangle for ROI 1 in the

- location as in the shown figure.
%Note: The plot is complicated because of the
" complicated shape of the small phantom.

. Please select regions carefully!

Go0001385, REV-D
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X-YPlot

22)

e i

Ll ™ ]

TTTe T TTxlTR T2

When the zoomed plot is displayed,
. record the ROI 1 value.

ROI 1 Value =
(24500 from this example)

23)

Close the X-Y Plot and the ROI statistics
page.

24)

25) X

Save CTScale Information

Filter:  none

serts 2

Density of Air

|0 ROI of &ir 17700
Density of Insert1 |1 15 ROl of Insert 1 | 24500

0K

| | Cancel |

Select from the top menu ‘Process—Save
CTScale Data’

| Select ‘3" as the number of inserts for this
phantom, and verity that the default
insert densities are as below.

0]
1.16

density of air
density of insert 1, water

Note: If you have been shipped with a
phantom with other than these densities, enter
in the correct densities on this page.

26)

Next enter in the ROI values from the
previous steps above, and press ‘OK’.

27)

Repeat the steps in this section for each
kV, beam hardening, and source filter

desired.

Go to Section 6 to verify that the scaling is implemented correctly.
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5.8.

CT Scaling for 4x objectives

WARNING: CT Scaling will only be successtill if your sample is completely
within the field of view in width. If your sample extends in width (side-to-
side) beyond the edge of the field of view, and air is not visible on both sides
of the sample for the entire rotation of the image, the scaling will NOT be
preserved.

This procedure is intended to be used for 4x magnification objectives.

Step

Picture

Description

1)

Pre-define all CT scaling parameters:
kV, beam hardening, and source filter for
the images desired to be CT scaled from
section 3.

Set up a tomography and all other values
to nominal settings appropriate for your
site.

Note: You may choose a smaller number of
projections and higher binning than normal
to speed up acquisition and reconstruction. A
scan of -90 degrees to 90 degrees, 181
projections, bin 2 may be used.
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e a continuous image of the ‘Small
ter Material’, Part Number A000598,
ntom using exact parameters as

ified.

te: Ensure that the top of the phantom is
w the top of the image so that there is a
n slice of air above the phantom.

Move Sample Theta = -90 degrees, and
center using the Sample Z stage or by
double clicking the samples center.

Perform a reference image as desired.

Note: In general, use the same exposure per
projection of the tomography set, and take at
least 10 averages. Multi-reference may also
be used, ensuring that the total number of
tmages is 10 or more. Additional guidance
may be found in Chapter 5 of the User’s
Guide

After acquisition, apply the reference
filter to the phantom projection set.

Save and close the phantom projection
set.

Open up the projection set in
XMReconstructor.

Perform focal series for center shift, and
record the center shift value.

Note: Additional guidance on
reconstruction may be found in Chapter 6 of
the User’s Guide.
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10)

Select the beam hardening to match the
sample imaged.

Note: Do not optimize based on the
phantom.

11)

Reconstruct using global max/min
recon, USHORT data format, any
binning, correct center shift, beam
hardening desired, ring filter on or off,
and recon filter on, CT Scaling OFF.

12)

After reconstruction has completed, open
the reconstructed images in
XMController.

13)

Scroll through the images to about half-
way through the images or when finding
a clean image near the middle.

14)

Open the Image Control Set, and select
the ‘Circle’ in the Annotation tab.

l 5 ) ¥ 4%x_tomo_global_recon.txm B

433,318 23446.000

W a circular ROI directly in the
dle of the phantom, filling up
oximately 80% of the phantom.

<

e: Do not place ROI in the smaller
ntom section at the top of the phantom
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16)

No Selection

-
1 ) Do you want to find ROI statistics of all Images?

17)

RO Statistics.

1 ocation
468,214) (6400304300 |39563.00 |39556.89 |186]41

o | (449,215 45556.00

i [22883.00

Generate the ROI statistics by selecting
Process—ROI Statistics, and selecting
‘Yes’ to statistics for all images.

L

) ( 3
002 24427.00 (380, 218) 45028.00 (167, 206) £3794480.00 3340300 |39427.98 |191162
003 2670500 |(426.192) 44343.00 (428,192) 63581352.00 3939200 |39296.26 |190158
)

004 2328300 |(362.195) 46263.00 (321,197) 3927500 |39157.75 | 207412

005 22165.00 (192, 203) 43665.00 (215, 202) 63260084.00 39205.00 |39097.70 |2180.35
006 2912400 (397, 219) 45916.00 (88, 208) 63316132.00 39141.00 (3913234 |200%.83
007 |28430.00 [(254,226)  |4460300  |(190,205)  |6323675200  |39038.00 [33083.28 [191439
o0s |2717300 |(88, 210) 45997.00 |(30.210) 6288131200 |39016.00 |3096361 |194132

003 2778300 |(419,218) 44310,00 (148, 207) 38776.00 (3873632 |1969.35

010 [29111.00 |(218, 228) 4722300 (268, 201) 62511016.00 38631.00 (3863474 |193457

o011 3120800 |(334, 221 43269.00 (356, 195) 62364344.00 38617.00 |38544.09 |173247

012 3225000 |21, 227) 44880.00 (169, 208) 62274972.00 38557.00 (3848886 |1701.14

014 28754.00 (234, 201 43586.00 (244, 225) £2043304.00 3839800 |38349.33 |1679.83

015 2777300 |(115,207) 43166.00 116, 207) 61736164.00 3819900 (3815585 |1671.16

016 |29348.00 |(429, 216] 45200.00 133, 231) 61211808.00 37931.00 |37831.77 |1774.77

017 [26746.00 |(104,233)

(
(

44818.00 (82,234 60451288.00 37500.00 |37361.74 |1944.18
(

018 [24811.00 |(264, 200) 44174.00 150, 230) 53682472.00 36875.00 |36886.57 |1684.93

)
)
)
)
013 32398.00 |(184, 205) 43302.00 (286, 223) £2190304.00 3844200 |3843653 |1664.05 |
il
i
)
)
)

Noofpiels 1618 [7] [ PotGroph | [ SaveData

18)

12000
0

Image Number

Reset zoom

en the statistics are displayed, choose
in’ in the bottom drop-down box,
and [then press ‘Plot Graph’.

pdbh of the mean values will

s below. Press the “Zoom’

, and draw a square around the

for the Air ROI.
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19) n the zoomed plot is displayed,
CEEeS rd Air value below.
[ o ]
msrAfr Value =
EZ 2950) from example above)
[ ]
20) s ‘Reset Zoom’ to zoom out the plot.
. a rectangle for ROI 1 in the
D ion in the figure to the left.
B
e ]
21) B#n the zoomed plot is displayed,
—Eresop d ROI 1 value below.
m:-ROL 1 Value =
ILO (19§50 from example above)
lET
22) Close the X-Y Plot and ROI statistics
page
23) Select from the top menu ‘Process->Save

CTScale Data’
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24) 1. 0 density of air Select ‘2" as the number of inserts for
2. 1.16%* density of this phantom, and verify that the default
water insert densities are as below
25) er in the source filter string desired.
' o filter was used, enter ‘none’
Filter:  none %
(2 Z Nate: If you have been shipped with a
Denstyof & |0 | ROlfAr 120 | j?hc ntom with other than these densities,
Density of Insert 1 [1.16 | ADlofinsent1 [1350 | :ﬁmt r in the correct densities on this page
LUK J l Cancel I
26) Enter in the ROI values as saved in steps
above, and press ‘OK’
27) Repeat for each kV, beam hardening, and
source filter desired
28) Verify that the CT scaling worked

correctly by re-reconstructing the

the XMReconstructor

phantom images with CT Scaling ON in

Go to Section 6 to verify that the scaling is implemented correctly.
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5.4. CT Scaling for 10x objectives

WARNING: CT Scaling will only be successtul if your sample is completely
within the field of view in width. If your sample extends in width (side-to-
side) beyond the edge of the field of view, and air is not visible on both sides
of the sample for the entire rotation of the image, the scaling will NOT be

preserved.

This procedure is intended to be used for 10x magnification objectives.

Pre-define all CT scaling parameters:
kV, beam hardening, and source filter for
the images desired to be CT scaled.

Set all other values to nominal settings
appropriate for your site.

Note: You may choose a smaller number of
projections and higher binning than normal
to speed up acquisition and reconstruction. A
scan of -90 degrees to 90 degrees, 181
projections, bin 2 may be used.

Scan ‘Small Water Material’, Part
Number A000598, phantom using exact
parameters as specified.

Note: Ensure that the top of the phantom s
below the top of the image so that there is a
clean slice of air above the phantom.

Move Sample Theta = -90 degrees, and
center using the Sample Z stage.
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Perform reference scan as desired. In
general, use the same exposure per
projection of the tomography set, and
take at least 10 averages. Multi-
reference may also be used, ensuring
that the total number of images is 10 or
more.

After acquisition, apply the reference
filter to the phantom projection set.

Save and close the phantom projection
set.

Open up the projection set in the
XMReconstructor

Perform focal series for center shift, and
record the center shift.

Select the beam hardening to match the
sample imaged (do not optimize based
on the phantom).

11)

Reconstruct using global max/min
recon, USHORT data format, any
binning, correct center shift, beam
hardening desired, ring filter on or off,
and recon filter on, CT Scaling OFF.

12)

After reconstruction has completed,
open the reconstructed images in the
XMController.

13)

Scroll through the images to about half-
way through the images, finding a clean
image near the middle.

14)

Open the Image Control Set, and select
the ‘Circle’ in the Annotation tab.
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0x_tomo_global _recon.txm

15)

81718,662.092 26126000 - —{—— +

2

Draw a circular ROI directly in the
middle of the phantom, filling up
approximately 80% of the phantom.
Move and size the ROI using the ‘arrow’
control.

No Selection

16)

ROI Statistics.

17)

|ooz — |as4zz00 |(380,218) 4502800 |(167,206)  |63794480.00 3940300 39427.98 191162
003 [2670500 [426.192) (4434300 |(428,152)  [6358135200 3933200 [392%626 |150758
004 [2328300 [(362.195) (4626300 |(321,197) (6335724000 3927500 |39157.75 |2074.12
005 [2216500 (192,203 |4966500  |(215.202)  [6326008400 3320500 [33097.70 |218095 |
005 [2512400 [(397.218)  |45916.00 |(88,208) 6331613200 |39141.00 [3913234 |2007.89

|oo7  |2843000 |(254,226)  |4460300  [(190,205)  |6323675200 3909800 3908328 191439

Joos  [ort7300 @ 210) 4595700 |190.210) 6288131200 |39016.00 |3886361 [1947.32
003 [2778300 |(419.218) (491000 |(146,207)  [62675360.00 (3877600 3873632 196935
o0, 2000 1828 | ﬂz_za__’ou jees;201). (6251101600 JaRa1.00; |OBGIATA 193057 |
011 [3120800 [(334,221) 4326900 |(356,136)  |623434400  |38617.00 3854409 173247
012 3225000 [(214,227)  |44BB000  |(163,205)  |6227437200 |38557.00 |38488:86 [1701.14
013 [323900 [(184.205)  |4330200  |(266,223)  [6219030400  |3844200 |3843653 [166205
014 [28754.00 |(234,201) 4358800 |(244,225  [6204330400 (3833800 3834339 167589
015 [2777900 [(115,207)  |4316600  |(116,207) (6173616400 3813300 |3815585 [1671.16 |
016 [2934800 |(429,216) 4520000 |(133,231)  [§121180800 3793100 |37831.77 177877

|7 [osrasn0 [(0423  |amie00 (2,234 3750000 [37361.74_|1945.18

|me  lasrioo ees oo  |aezec  [nsnzw  [seserzo0  [sesroo [3sesssy [169393

No of pixels. 1618 Plot Graph Save Data

Generate the ROI statistics by selecting
View->ROI Statistics, and selecting
‘Yes’ to statistics for all images.

A When the statistics are displayed, choose

‘Mean’ in the bottom drop-down box,
and then press ‘Plot Graph’
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18)

19)

The graph of the mean values will
appear as below. Press the “Zoom’
button, and draw a square around the
bottom for the Air ROIL.

When the zoomed plot is displayed,
record the Air value.

Air Value =
((26250) from the example)

Press ‘Reset Zoom’ to zoom out the plot.
Draw a rectangle for ROI 1 in the
location as in the figure

When the zoomed plot is displayed,
record ROI 1 value below.

ROI 1 Value =
(31130 from the example)

22)

Close the X-Y Plot and ROI statistics
page.
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23)

24)

Save CTScale Information
Filter:  none
Number of Inserts

Density of Air !D

Density of Insert 1 {1 15

2 -

] ROIofAr (26250 4
|

[ ok

| I Cancel |

l

Select from the top menu ‘Process—Save
CTScale Data’.

Select ‘2" as the number of inserts for
this phantom, and verify that the default
insert densities are as below.

0 density of air
1.16% density of water

Enter in the source filter string desired.
If no filter was used, enter ‘none’

Note: If you have been shipped with a
phantom with other than these densities,
enter in the correct densities on this page.

25)

Next enter in the ROI values as saved in
the steps above, and press ‘OR’

26)

Repeat all the steps in this section for
each kV, beam hardening, and source
filter desired

Verify that the CT scaling worked correctly by re-reconstructing the phantom images
with CT Scaling ON in Reconstructor (see section 6 below).

Go to Section 6 to verify that the scaling is implemented correctly.

G000135, REV-D

Carl Zeiss X-ray Microscopy, Inc.. [] Confidential

31

4385 Hopyard Road Suit 100L] Pleasanton [ CA [] 94588 [] 925-701-3600




Title: CT Scaling Instructions

Part No: Rev:
G000185 E

Created by: Susan Candell Approved by: See ECO
Date: 2/11/09 Date:
Product: Used on:

5.5.

CT Scaling for 20x Objective

This procedure is intended to be used for the 20x magnification objective.

Step

Picture

Description

1)

Pre-define all CT scaling parameters:
kV, beam hardening, and source filter for
the images desired to be CT scaled.

2)

Set all other values to nominal settings
appropriate for your site.

Note: You may choose a smaller number of
projections and higher binning than normal to
speed up acquisition and reconstruction. A
scan of -90 degrees to 90 degrees, 181
projections, bin 2 may be used.

Go0001385, REV-D

Scan the ‘High Resolution Water
Material Assembly’, Part Number
A001186, phantom using exact
parameters as specified.

Note: Ensure that the top of the phantom is
below the top of the image so that there is a
clean slice of air above the phantom.
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a step of 1000um.

equally off-centered (Shown)

To center the phantom, at theta = 0
degrees, move the Sample X stage both
left and right by a step of 1000um.

Move Sample Theta = -90 degrees, move
the Sample Z stage both left and right by

Note: The left and right images should be

5) Make a reference image as desired.

s 10 or more.

Note: In general, use the same exposure per
projection of the tomography set, and take at
least 10 averages. Multi-reference may also be
used, ensuring that the total number of images

6) After acquisition, apply the reference

filter to the phantom projection set.

7) Save and close the phantom projection

set.
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Open up the projection set in
XMReconstructor.

Perform focal series for center shift, and
record the center shift.

Select the beam hardening to match the
sample imaged (do not optimize based on
the phantom).

11)

Reconstruct using global max/min recon,
USHORT data format, any binning,
correct center shift, beam hardening
desired, ring filter on or off, and recon
filter on, CT Scaling OFF.

12)

After reconstruction has completed, open
the reconstructed images in
XMController.

13)

Scroll through the images to about half-
way through the images, finding a clean
image near the middle.

14)

Open the Image Control Set, and select
the ‘Circle’ in the Annotation tab.

15)

Draw a circular ROI directly in the
middle of the phantom, filling up
approximately 80% of the phantom. Move
and size the ROI using the ‘arrow’
control.

16)

Generate the ROI statistics by selecting
View—ROI Statistics, and selecting “Yes’
to statistics for all images.
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17)

RO Statistics.

(449, 215)
(380.218)

45028.00

£3794480.00

33403.00 |39427.98

191162

3339200 [3923626 |1307.58

4591600

2670500 |(426,152) | #4343.00 [essa135200
46263.00 |exsr24000
4366500 63260084.00

16331613200

3027500 |39157.75_| 207412

3320500 |39097.70 |2180.95
39141.00 |39132.34 |2007.89

44503.00
4599700

6323675200
|6288131200

39098.00 |39083.28 [1914.39
39016.00 |3086361 |1947.32

43263.00
44880.00

|62675360.00
62511016.00

77600 |3073632 |1363.35
3863100 |38634.74 |193457

|62384344.00

38617.00 |38544.09 |173247

|62274972.00
5219030400

|38557.00 3848886 [1701.14

3844200 |3943653 |166205

016|740 (234,201 4356600 Jeassa0ec0|3sase00 3834939 [167589
05 |amso (520 |4es00 173616400 3819900 |915585 |1671.16
il 29348.00_|(429, 216) 4520000 |(133,231) 6121180800 37931.00 |37831.77 [1778.77

[2674600 (104,233 |44@18.00  |(82,234) 6045128800 |a750000 | 3736174 |194518
e |aae100 |2se200  [ae17a00  |nso.2a0) [ssesear2o0

BE500 3680657 168888 | |

When the statistics are displayed, choose
‘Mean’ in the bottom drop-down box, and
then press ‘Plot Graph’

18)

19)

20)

No of piels

Go0001385, REV-D

1618

1| PlotGreph SaveData

Mean

Save
Plot color ~|

B ackground -

i color ~|

Reset 200m

Print

The graph of the mean values will appear
as below. Press the “Zoom’ button, and

draw a square around the bottom for the
Air ROIL.

Save
Plot color ~|

B =ckground -

A color 7|

Fiint

[@
2|[¢
H

When the zoomed plot is displayed,
record Air value below.

Air Value =
(29500) from example)

ese233
ese 13
642607
615,98
41071
E
61 60
X
E

[WBackg

le|[E] 2
D

i

i
i

Press ‘Reset Zoom’ to zoom out the plot.
Draw a rectangle for ROI 1 in the
location as in the following figure:
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21)

22)

When the zoomed plot is displayed,
record ROI 1 value below.

ROI 1 Value =
(38500 from example)

Close the X-Y Plot and ROI statistics
page.

23)

24)

Select from the top menu ‘Process—Save
CTScale Data’.

Save CTScale Information @

Filter.  none %

Number of Inserts 2 -

0 | Rolofai  [2900
Density of Insert 1 {1 15 ROl of Insert 1 | 38500

[ ok

Density of Air

| | Cancel |

Select ‘2" as the number of inserts for this
phantom, and verify that the default
insert densities are as below.

0 density of air
1.16% density of water

Enter in the source filter string desired.
If no filter was used, enter ‘none’.

Note: If you have been shipped with a
phantom with other than these densities, enter
in the correct densities on this page.

25)

Next enter in the ROI values as saved in
the previous steps and press ‘OK’.

26)

Repeat all the steps in this section for
each kV, beam hardening, and source
filter desired.

Verify that the CT scaling worked correctly by re-reconstructing the phantom images
with CT Scaling ON in Reconstructor (see section 6 below).

Go to Section 6 to verify that the scaling is implemented correctly.

6. Calibration for User-Defined Scaling

G000135, REV-D
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WARNING: User-Defined Scaling will only be successtill if your sample is
completely within the field of view in width. If your sample extends in width
(side-to-side) beyond the edge of the field of view, and air is not visible on both
sides of the sample for the entire rotation of the image, the scaling will NOT be

preserved.

The initial steps for User-Defined Scaling is to decide which kV, objectives, beam
hardening, and source filter combinations the site will require User-Defined Scaled
images. Then the user will need to scan their sample of choice and follow the procedure

below.

6.1. User-Define Scaling Calibration

Any sample may be used to define scaling, as long as it remains within the field of
view in width for the entire rotation of the sample. Air must be visible on side edges
for entire rotation.

Step Picture Description

1) EEEEE PR 1 =] | Scan the sample that will be used for the
calibration.

3612.086,21462.906.000 - G—— + [1 | Qaa2d

2) Open up the projection set in the
XMReconstructor.

3) Perform focal series for center shift, and
record the center shift.

4) Select the beam hardening to match the
sample imaged (do not optimize based on
the phantom).

Go00135, REV-D Carl Zeiss X-ray Microscopy, Inc.. [] Confidential 37
4385 Hopyard Road Suit 100L] Pleasanton [ CA [] 94588 [] 925-701-3600



Title: CT Scaling Instructions

Part No: Rev:
G000185 E

Created by: Susan Candell Approved by: See ECO
Date: 2/11/09 Date:
Product: Used on:

Reconstruct using global max/min recon,
ushort data format, any binning, correct
center shift, beam hardening desired, ring
filter on or off, and recon filter set to
desired setting.

After reconstruction has completed, open
the reconstructed images in
XMController.

Scroll through the images to about half-
way through the images, finding a clean
image near the middle.

Note: the images presented below show a

Jan-type artifact because we performed only
60 projections for a 180-degree scan. The
User-defined scaling is not effected by the
reduced number of projections, but artifacts
are seen. This protocol is acceptable for User-
defined scaling calibrations, but not for actual
imaging.

Ble txroscope Process Wew Mindow  elp

EE %R0 L E

8) % TXMController - Advanced user Mode

X 20080122_phant

Find the mean value of the MINIMUM
value that you wish to scale to. In the
image below, it was drawn in the
background material, but it can be drawn
in any area, as long as this area has a
LOWER mean value than the
MAXIMUM (to be determined in the
next step).

Either draw an ROI around an image
area that you wish to scale to, or pass the
cursor over an area of interest, noting the
mean value of the images in the area.
Record this value as ROT 0.

ROI o0 Value =
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9) Find the mean value of the MAXIMUM
value you wish to scale to. In the image it
was drawn in an intermediate density
area material, but it can be drawn in any

area, as long as this area has a HIGHER
. mean value than the MINIMUM value
determined in the previous step.
Either draw an ROI around an image
area that you wish to scale to, or pass the
cursor over an area of interest, noting the
mean value of the images in the area.
Record this value as ROI 1.
ROI 1 Value =
Ensure that ROIO is less than ROI1.
10) Select ‘Process—Save CTScale Data’.
=
e <
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11) Enter the name of the filter. This name

will be used when applying the User-
defined scaling later during
reconstruction. Choose something which
will clearly indicate which filter was used
tor this User-defined scaling session.

Select ‘2" as the number of inserts for this
phantom, and calculate the densities to
enter.

Select the pixel value of insert O (for
example 2000) = Pmin =

Select the pixel value if insert 1 (for
example 30000) = Pmax =

Rules for Pmin and Pmax:

Pmin must be less than Pmax.

Pmin and Pmax must be greater than 0
Pmin and Pmax must be less than 65535.

If you choose Pmin to be close to 0, any values reconstructed with lesser density will be
truncated at 0.

If you choose Pmax to be close to 65535, any values reconstructed with higher density
will be truncated at 65535.

12) For the UlI, calculate the values to be
entered into Density of Air and Density
of Insert 1:

Density of Air = Pmin/ 1000
Density of Insert 1 = Pmax/1000

For example, if Pmin = 2000, then the
Density of Air = (2000/1000) = 2.

For example, it Pmax = 30000, then the
Density of Insert 1 = (30000/1000) = 30
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13) VSave CTScale Information @ Enter ROI0 value as ‘ROI of Air’ (for this
Fiter. ~ User defined Sample 1 = example, use IOOOO)
et e | 2 - Enter ROI1 value as ‘ROI 1’ (for this

Density of Air ’”—2[ RO of Air 10000
Density of Insert 1 30 E ROl of Insert 1 22000

example, use 22000).
Press ‘OK’.

l 0K I | Cancel ]

14) Repeat all steps in this section for each
kV, beam hardening, and source filter
desired.
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7. Reconstructing CT Scaled Images

Reconstruction for CT Scaling requires that the Calibrations have been performed as in
Section 6 above. If the calibration does not exist that matches the current scanning and
reconstruction parameters, the user will be warned and not allowed to reconstruct using

CT Scaling.

To reconstruct CT Scaled images, follow the procedure below.

Step Picture

Description

Start XM Reconstructor and load the
projection data set to be reconstructed.

Find the appropriate Center Shift using the
center shift dialog box.

Open the Reconstruction Setting dialog,
and select ‘Apply CT Scale’.

I the calibration exists that matches the
current settings, then the user will be
allowed to press ‘OK’. If there is no file
one of the critical parameters is incorrect
(kV, objective, or beam hardening) and the
calibration process must be modified.
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Reconstruct the images.

Note: If the user reconstructs the Calibration
phantom with CT Scaling, when the ROIs are
placed in the locations as specified in the
calibration procedure for ROI 1 (the insert
closest to water), the mean values in these ROIs
should match closely to the (specified densities of
the inserts * 1000).

For example, for the large phantom, the
mean value of ROI 1 should be (1.12 *
1000) = 1120, and the mean value for air
should be close to 0. Due to non-linear
beam hardening eftects, the mean values in
the other inserts are not exactly matching
to (density * 1000).
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