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1 INTRODUCTION IN X-RAY MICROSCOPY AND MICROTOMOGRAPHY

1.1 Introduction

Any conventional optical or electron microscopes allow visualising only two-
dimensional images of a specimen surface or thin slices. However, in most
cases a conclusion about original three-dimensional object structures cannot be
made on the base of two-dimensional information.

One can obtain the three-dimensional information of object structures by cutting
them into very thin slices, which can then be visualised in the light microscope
and interpolate the two-dimensional information into a three-dimensional
structure model. This method however is not only very cumbersome but also
not very reliable since the object structure itself can be altered by the
preparation technique and the distance between the slices is usually too coarse
to avoid loss of 3-D information.

An x-ray (radiography) system produces two-dimensional shadow images of
complete internal three-dimensional structures, but in a single two-dimensional
shadow projection the depth information is completely mixed. Only an x-ray
tomography system allows us to visualise and measure complete three-
dimensional object structures without sample preparation or chemical fixation.
Typically, the spatial resolution of conventional medical CT-scanners is in the
range of 1-2.5 mm, which corresponds to 1-10 cubic mm voxel (volume
element) size. Computerised x-ray microscopy and microtomography now gives
possibilities to improve the spatial resolution by seven to eight orders in the
volume terms. The system "SkyScan 1076" allows to reach a spatial resolution
of 15 pm corresponding to near 3x10® cubic mm voxel size. As in the "macro"
CT-scanners, the internal structure can be reconstructed and analysed fully
non-destructively.



1.2 Basis principles of microtomogaphy

Any x-ray shadow image is corresponding to a two-dimensional projection from
the three-dimensional object. In the simplest case, we can describe it as a
parallel x-ray illumination. In this approximation, each point on the shadow
image contains the integration of absorption information inside the three-
dimensional object in the corresponding partial x-ray beam.

SHADOW IMAGE / PARALLEL BEAM

X-RAY BEAM

OBJECT

For parallel geometry one can divide the problem of a three-dimensional
reconstruction from two-dimensional projections into the serial reconstruction of
two-dimensional object slices from one-dimensional shadow lines. Let's show a
possibility of this reconstruction on a simple example, an object with only one
point with significant absorption in an unknown place. In the one-dimensional
shadow line we will have a decreasing of intensity of the shadow of absorption
in the object area, see figure on the next page. Now we can initialise in the
computer memory an empty array of pixels (picture elements) corresponding to
possible object displacement. Of course, one must be sure that all parts of the
reconstructed object will be inside the field of view. Because we have the
position of the shadow from the absorption points of the object, we can mark on
the area of reconstruction in the computer memory all possible positions of
absorption points inside the object as lines.
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Now let's rotate our object and repeat this operation. In each new rotation
position of the object, we will add to the area of reconstruction the lines of
possible object positions corresponding to position of shadow. This operation is
named "back-projection”. After several rotations we can localise the position of
the absorption point inside the area of reconstruction. In increasing the number
of shadow projections from different views this localisation become more and
more defined.

BACK PROJECTION: single point object

3 views 5 views 9 views 18 views

In the case of reconstruction from an infinite number of projections one can get
an image with a good definition of the absorption area position inside the initial
object. At the same time a blur area will accompany the pointer image because
it is produced as a superposition of lines with all inclinations. Now we know
what image will be produced from the pointer object and we can "pre-correct"
the initial information in absorption lines to make the resulting image more
corresponding to the real object. This correction ad some "negative absorption”
outside the point of the object shadows to eliminate the positive blur in the back
projection process (convolution).



BACK PROJECTION ONLY CONVOLUTION &
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reconstructed cross-section from 90 views

central intensity profile in reconstructed cross-section

The same algorithm can produce the cross-section image not only from the
single point object. Any real object can be represented as a big number of
separate absorption voxels and linear absorption in any x-ray beam is
corresponding to the sum of all absorption from all voxels inside this beam. By
this way the two-dimensional cross-sections of the object can be reconstructed
from the one-dimensional shadow lines in different views.

Unfortunately practically all x-ray sources cannot generate parallel beams. In a
real case, one will use a pointer source and fan x-ray beam in the object area.
For tomography reconstruction we can find the solution of this problem by the
reordering of the shadow information. New pseudo-parallel beams can be
constructed from the parts of several fan beams with different views and the
same reconstruction method for fan-beam x-ray sources can be used.
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In the case of x-ray acquisition, the image contains information about the
intensity reduction inside the three-dimensional object. Because the x-ray
absorption is corresponding to exponential law, we can restore the linear
absorption information from the shadow image by logarithmisation.

This operation is very non-linear and any noise in the small signal areas can
produce significant errors in reconstruction. To eliminate these errors an
averaging of initial data and results of logarithmisation can be used. On the
another hand we can try to improve the signal to noise ratio in the shadow
image to reach the most representative information.

One more effective way of noise reduction in the reconstruction process is a
special selection of correction function for convolution before back projection. In
the simplest case (described above) the correction function produces two
"negative absorption" reactions around any signal or noise peak in the shadow
line and this behaviour becomes very dangerous for noisy initial information.

Special selection of convolution function for correction with spectral limitation by
“‘Hamming window” allows solving this problem. In x-ray microtomography an
information from voxel with very small physical size should be detected and
right choice of parameters for noise reduction becomes very important.



1.3 Reconstruction to image

1.3.1 Acquisition, creation of acquisition data

During the acquisition the source-detector pair will rotate over 180 degrees. At
each position the shadow image or transmission image will be acquired.

Cone beam acquisitions saves all of these projection images as 16 bit TIF files.
The data set after scanning consists of a set of images, all of them are normal
transmission X-ray images. For each position over the 180 degrees rotation a
full 16 bit shadow image will be stored on disk. The number of files after this
acquisition is thus depending upon the rotation step selected. For a typical step
of 0.7 degree, there will be 257 images plus a small number to start the re-
sampling of the images for horizontal or fan compensation of the x-ray beam.

1.3.2 Start of the reconstruction

After the acquisition is finished we have to start the reconstruction. We will use
the 16-bit TIF shadow images for the reconstruction. We will now generate from
this, by using the reconstruction algorithm, a raw data reconstructed cross-
section. This is not yet an image, it is a float point matrix holding absorption
values in the reconstructed cross-section.

1 2 | 3 n-2 el | on The size of the matrix is like the
number of pixels inside a cross-
1 ooz2|0024(0013 0.910(0.930(0.950 . . .
section or in a line on the CCD
2 Jooz3|o026(0012 0.870({0.300(0.890 array (n iS the number of pixe|s
3 [o.ozs|ooz7|oo1g oemo|ostojoren] in a line of the shadow image or
4 fonzg|o210(0020 0.320(0.830(0.840 the CCD array).
We can save the reconstructed
cross-section as a float point
matrix holding the attenuation
values after the reconstruction
n-4 |ooa|oos4losen] .. |oroojorao|ozeo] section transform it to an image
n-3 |0.034|0.035[0.042 0.730|0.790{0.780 with the 256 grey values (8bit).
n-2 j003s(0.036 (004 o.F40(0ra0f0Fro
n-1 Joodn|0o037 (o040 0ys0|0FFo|0F20




1.3.3 Cross-section to image

After creating the raw data reconstructed cross-section, we have to generate an
image. Any images uses 256 gray scales. Therefore, we have to find away to
convert the 12 bits or more, depending upon the camera, information into a
gray scale image.

Minimum and maximum values are selected. All values between these will be
displayed as half tone. In a normal image, all attenuation values below the
minimum will be white everything above the maximum will be displayed as
black. Reconstructed array will be shown as a half-tone image of cross- section
with linear conversion to 256-grades of gray inside selected density interval.

In the Skyscan systems, using a Windows environment, the final image
generated can be exported to BMP, RAW 16Bit or TXT -files.

Following image summarizes all action and steps to generate the cross
sectional data.

CROSS-SECTION
TO

RECONSTRUCTION IMAGE

ACQUISITION
RAW DATA

16 Bit TIFF RECONSTRUCTED _> CROSS-SECT.

I Projection CROSS-SECT. IN . AS IMAGE

Images FLOAT POINT




2 SKYSCAN 1076 SYSTEM OVERVIEW

SPECIFICATIONS:

Maximum object size

X-ray source

X-ray detector

Spatial resolution

Projection / cross-section
Image size and formats

X-ray loading to the animal

Scanning system

Software package

Reconstruction algorithm

Radiation safety

Installation requirements

Size/Weight

68mm(D) x 200mm(L) for rats or 35mm(D) x 200mm(L)
for mice, 17mm(L) per single scan

20-100kV, 10W, <5um spot size (@4W), >10000h
estimated lifetime, air cooled sealed type, 4-positions
automatic filter changer for energy selection

10 Megapixel (4000x2300x12bit) cooled digital
X-

Ray camera with fibre-optic coupling to scintillator
User selectable pixel size 9um / 18um / 35um
(isotropic), 15um low-contrast resolution (10% MTF)
1000x520...8000x2000 pixels projection images (16-
bit TIFF format)

1000x1000...8000x8000 pixels cross-section (BMP,
RAW 16-bit, TXT formats, converter to JPEG)

0.1-0.5 Gy per scan typical

source-detector pair rotation with 0.02 deg. min. step
size, 50um object positioning accuracy with 400mm
travel, 50mm camera positioning/alignment with 1um
accuracy, <10 microns overall stability during scanning

scanner control, preview (35x200mm scan),
acquisition for reconstruction, volumetric (cone-beam)
reconstruction of one / several / all cross sections,
ROI-reconstruction, local density measurements in
HU, 3D-rendering, virtual manipulation with
reconstructed object, morphological analysis in 2D and
3D

Modified Feldkamp: multislice volumetric (cone-beam)
reconstruction. Up to 2000 slices can be reconstructed
after one scan. Full image mode, partial reconstruction
mode, possibility for detail local reconstruction with
object bigger than field of view.

<1uSv/h average during full scan at 10cm from the
instrument surface

Power 100-130V/5A/50-60Hz or
200-240V/3A/50-60Hz, 18-28C temperature,

<85% humidity, no condensation,

vibrations 0.1...100Hz <40 microns

Desk top instrument 750mm(H) x 650mm(D) x
2200mm(W), 150Kg + computer, monitor, keyboard,
mouse



The "SkyScan-1076" is a high- resolution low-dose X-ray scanner for in-vivo
3D-reconstruction with spatial resolution of up to 15 microns inside the small
laboratory animals (rats, mice, etc.). It consists of the combination of Micro-CT
system and a computer with system control software and reconstruction
software. This system allows reconstructing non-invasively any cross-section
through the animal body with possibilities to convert the reconstructed dataset
into a realistic 3D-image and calculate internal morphological parameters.

The equipment contains an X-ray microfocus tube with high-voltage power
supply, a rotation stage with overall accuracy of <10um, a translation stage, a
two-dimensional X-ray CCD-camera connected to the frame-grabber and a
Dual Intel Xeon computer with LCD monitor.

All subsystems of the X-Ray Microtomograph are inside a steel desktop case.



X.-ray camera

Rotation stags

Translation stage

X-ray source

For "SkyScan-1076" the X-ray microfocus tube with 5 micron focal spot size
operates at 20-100kV / 0-250uA. The special X-ray CCD-camera is based on
10 Megapixel (4000x2300 pixels) cooled CCD-sensor with fibre optic coupling
to x-ray scintillator

The X-ray shadow projections are digitised as 1000x520 to 8000x2000 pixels
with 4096 brightness gradations (12 bit). The reconstructed cross-sections have
a 1000x1000 to 8000x8000 pixels (float point) format and 9 /18 /35um pixel
size in any place of the scanning area. The scanning area is 68mm x200mm or
35mm x 200mm (two carbon-composite beds supplied)

For the reconstruction one can use a volumetric (cone-beam) reconstruction of
one / several / all cross-sections or a ROl-reconstruction. After the serial
reconstruction, one can display the cross-sections onto the screen as well as
construct a realistic 3D-image with possibilities to "rotate" and "cut" the object
model. On this model, one can calculate the internal morphological parameters.



3 INSTALLATION PROCEDURE

In case of damage during transportation or any defect in scanner operation,
please contact your local Skyscan distributor (see www.skyscan.be for
distributors). Alternatively, send the scanner directly to Skyscan, after
contacting first, at following mail address:

Skyscan, Vluchtenburgstraat 3, Aartselaar B-2630, BELGIUM.
Email: info@skyscan.be, Tel: +32 3 877 57 05, Fax: +32 3 877 57 69

Only trained people by Skyscan are authorized to do service and
reparations on the scanner!

For lifting and carrying, remove the four black plastic caps and put the supplied
steel bars through the holes. One can carry the system with four persons.
Use the steel bars as handgrips.

INSTALLATION LAYOUT

2220

The table, on which the system will be put, should be strong enough to support
a weight of 150 — 200 kg. The distance between the backside of the system
and the wall should be at least 10 cm, necessary for the airflow.



3.1 Connections

To start the system one should make the connections shown in the figure
below. All interconnections should be made before connection of the main
power plug to 220-240 V AC or 100-130V AC.
Connect the scanner to the computer:
e Use a serial cable from the lowest serial connector on the system to the
serial Port COM1 on the computer.
e Use second serial cable from the upper serial connector on the system
to the analog frame grabber on the computer.
e Use video cable from digital x-ray camera connector on the system to
the digital frame grabber on the computer.
The length of every signal cables is 2m. Use only the supplied signal cables.

The digital and analog frame-grabbers are pre-installed on the computer.

Interconnections for SkyScan1076:

TO DIGITAL FRAME GRABBER(COMPUTER)

TO ANALOG FRAME GRABBER(COMPUTER)

MAIN POWER PLUG

X-RAY KEY SWITCH

SKYSCAN 1076

IN VIVO X-RAY MICROTOMOGRAPH [ FrAMR GRABSRR B>
TO COMPUTER

BELGIUM CAUTION L seniaL pont com - ¢
X-RAYS
THIS EQUIPMENT
WHEN ENERGIZED

|
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3.2 Power supply

Never connect 200-240V to a system meant for 100-130V and vice versa. Look
to the label above the AC inlet (see picture on previous page).

The replaceable fuse is the same for both main voltages: type T rate 5A. Before
replacement of the fuse, disconnect the power cable from the system.

After connection of power cable to the system and wall socket one can start
system by power switch in the front panel.

DISPLAY TUBE VOLTAGE AND CURRENT

POWER SWITCH

A-RAY  92K0  186uA

3.3 Starting up Skyscan1076

Switch the system on by the Power Switch.
Start the external computer also. The start procedure for computer can take
couple of seconds with following start of “Windows 2000” or “Windows XP”.

X-ray scanner should be always ON before starting control software in the
external computer. Control and reconstruction software for Skyscan1076
system can be started from corresponding icon on the screen.

3.4 X-ray Key switch

A key switch for the x-ray source is located next to the AC inlet of the system.
(See picture on previous page.)

For normal operations of scanner the switch "X-RAY" must be turned ON. You
can keep the ON position of this switch continuously even when switching off
and on the main power.

For security reasons the X-ray tube can be disabled or switched off by using
the “X-RAY KEY SWITCH”.



3.5 X-Ray Shutter

Normally the X-Ray shutter is always in the closed position. The X-ray shutter is
open for acquiring one X-ray image or a scout scan and during scanning. The
LED’s indicate the X-Ray shutter position:

The X-ray shutter is open when &~
the red LED lights up. XRAYSHUTTER

/’- CLOSED

The X-ray shutter is closed
when the green LED lights up.




4 SYSTEM CONTROL SOFTWARE

The software package for system control has the same operation principles as
any other Windows-based program. One can select any functions by "mouse”
from the menu / submenu in the top line and change modes and parameters by
"mouse pressing" to the corresponding control areas or buttons. To start the

Skyscan1076 control software double click on the corresponding icon:
AlFE

After the program is started, an initialisation window is shown on the screen.
During initialisation, the object-bed moves to the outside position. After
initialisation, the shutter closes and the door become unlocked.

The start image on the screen contains the main menu bar and the control bar
in the top of the screen.

4.1 Tube setting and start.

In the control bar, one can find the button to switch the tube ON or OFF:

200 EED : (g

To start X-ray tube push X-ray button: @

Voltage and current will be set automatically corresponding to current pixel size
and filter. Both values can be adjusted in “Options” -> “Scanning Modes” (see
5.3.4).

The Windows Taskbar in the bottom indicates the voltage and current settings
of the X-ray tube. The X-ray voltage and current are also shown on the front
panel display of the system.

| #Z. Untitled - SkyScanta. ., A 100 kY - 98 pa

In the case of first start or interrupt >8 hours after last usage of the x-ray
source, a new information dialog will appear into the screen. It will be indication
of aging (warming up) process for the soft start of the x-ray source. The aging
allows keeping a very long tube lifetime. Typical time of an aging process is 15-
17 minutes (for <1 month’s pause in tube usage). In the case of big differences
of voltage indications on the taskbar and in the front panel display of the system
(>20% from maximum values) contact your supplier for service.

After aging, tube will be switched off automatically. One can switch it on in any
time without extra delay. After tube start, the normal behaviour is an increasing
of the acceleration voltage in the screen indicators and in the front panel
display with following increasing of the current.



One can change the power settings of the tube by double clicking on the

“x-ray generator on” indicator:

Following dialog box will be shown onto the screen:

X-ray tube

Tube model

L7301, 8031-01

Elapsed time
75 hours

Mazimum power: 10 %

(%]

Voltage Current  Pawer

I keep maximum power

Apply

Left part of the dialog box shows information
about the type of x-ray source, elapsed time
(active emission) and maximum available power.
Right part is used for indication of current values
(red) and adjustment for new values (blue). New
values can be applied by pressing to Apply
button. The voltage reaches from 0 to 100 KV,
the current from 0 to 250 pA.

The “Keep maximum power” option adjusts

voltage from current or current from voltage to get maximum available power
from the x-ray source.

For animal/object replacement press “Remove object” button in the control bar:

[=

Object will be moved out of scanner. The X-Ray tube will switch
off automatically and the door lock will become open.

The status bar in the bottom indicates the present position.

|ru:utatiu:un: ready

|position - outside -

Now it's possible to open the door by hand.



4.2 Animal holders

There are two standard carbon-composite object beds supplied with the
system.

The object bed with diameter 33 mm should be used for mice and the object
bed with diameter 65 mm should be used for rats. Both have the same length of
400 mm and a maximum scanning length of 200 mm.

One can exchange the two beds easily.

First, remove the already installed object bed.

Start system and control software, after initialisation the shutter closes (green
LED lights up). Open the door by hand. Close software and switch off the
system.

Move the bed by hand so that the “PIN” is completely outside the system.

Remove the visual camera by pressing on the two sides of the fastening
mechanism. Be careful that you don’t damage the flat cable.

2

: Put the visual camera on top of the
door.
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Remove the two screws on both sides of the bed.

Now it is possible to remove the bed completely.

The installation of the small (338 mm) bed needs one extra support.
First, one has to install this extra support (see picture).

Remove this extra support for installation of big (65mm) bed.



Fasten the small bed with two screws on both sides and put the camera back
on the small bed.

Close the door by hand and start system and software again.



4.3 Scout Scan and X-ray image

After installation of mouse or rat, close the door by hand.

Mouse on animal bed with physiological monitoring sensors:

To start X-ray tube push X-ray button: @

Voltage and current will be set automatically corresponding to current Filter and
Pixel size. Now we can start the scout scan, it’s a preview of the animal over
the complete length of the scanning area.

@D Start scout scan.

Scout image will be displayed in the left part of the screen. The scout scan can
be stopped any time by corresponding dialog (Press Stop button) or program
will try to create the image with maximum available length of the object bed.
When scout scan will complete, one can select a place of the scanning in the
scout view by double click to the left mouse button in the scout image. Object
bed will be moved to corresponding position and one full-format x-ray image
from this position will be acquired to the right part of the screen. The position of
the bed is indicated in the status bar:

rotation: ready position 97,750 mm

In the Options menu, one can select one of the three pre-installed filters or “no
filter”. If the filter position is changed, one can verify the X-ray image. In the
control bar, one can find the button “Get X-ray image”.

@ Captures one image from X-ray camera



4.4 Start Scanning
If the position of the bed is correct and the preview image is good enough, one
can start the acquisition.

E Start scanning

Following dialog box will be displayed onto the screen:

Acquisition Parameters . .
Scanning width should correspond to the
. Seanning width: 22 size of scanning area (diameter of object
€ B8mm bed).
& H0 Pixel size defines resolution for reconstructed
p Firel size : " 18 um images
(v 35 um

automatically rescale
image on the screen

= Fllename prefis: | bonel_ Filename prefix sets the front part of the

filenames for acquired data and results of
Data directory B .
= reconstruction. Use Browse button to select
D \Resultsitt another data folder or to create new one.
[ Use shutter For information that is more detailed see 5.2.8
‘——II_—I [~ #-ray OFF after scanning or 5.3.1.

[~ Dpen object after scanning
[ Use 360 deq. ratation

[7 Sync scanning with esvent

Awveraging : 4 J;I

Special Modes .. 33> |

E stimated acquisition time is
12 min

Ok | Cancel |

Set "Scanning width” corresponding to the used animal bed and select desired
“Pixel size”.

Now one can type a new Filename prefix for the dataset and select or create a
new data directory.

After selection of the desired acquisition parameters (take into account the
“Estimated acquisition time” in the bottom of the dialog window), press OK, to
start the acquisition.

After scanning, unlock the door by E>, open it by hand and remove the object
or select another scanning place by double clicking to the scout view.



4.5 Reconstruction
One can start the external Cone-beam reconstruction program from the
Toolbar:

@% Starts reconstruction program

Alternatively, one can start the Cone-beam program from the shortcut on the
desktop: 20
ﬁ_...._,__,-

Cone-Bearn
reconstruction

Following dialog box allows choosing data set for sending to reconstruction.

Click on the dataset prefix you want to
Dataset prefis reconstruct and press OK.
E:j test

Cancel |

Start single reconstruction (choose fastest). After reconstruction of one
crossection, set Crossection to Image valuesE(Auto or other values)

Options -> Reconstruction : choose value for Beam hardening correction,
smoothing... and check it. Press = button and start single. Set Crossection to
Image values E‘ again.

To invert images to negative one use & and choose Negative.

Press = button and choose Top, Bottom and Step (normally 2-10). Start All.

After reconstruction show results by g as section-by-section movie.
Use k7 for on-line help on the reconstruction program.



4.6 3D-Reconstruction

To convert the reconstructed dataset (bitmap files) into a 3D-image and to
calculate the internal morphological parameters one can use the external

=
Bl

program “3D-Creator”.
One can start the program from the shortcut on the desktop:

3D-Creatar

Alternatively, one can start the 3D-creator from the 3D rendering command
inside the cone-beam reconstruction program: 5

All details of using this program can be found in the special Manual for “3D-
Creator” and “Format Converter” programs.

In the case of big number of complicated 1024x1024 cross sections we
recommend to reduce image format in dataset till 512x512 or 256x256. It can
be done by external program named “Format Converter” or it starts
automatically from the 3D rendering command inside the cone-beam
reconstruction program. One should select the original dataset and name for
new one with reduced format as well as a reduction ratio (1/2, '4...). New
dataset with reduced format can be used for the creation of realistic 3D-images
by “3D-Creator” program.



5 MENU AND SUBMENU FUNCTIONS

5.1 General layout of the main menu

The top menu bar in the screen gives access to all system functions. Let's
consider all menu / submenu possibilities in more details.

Commands

Actions menu

Options menu
Help menu

It is a standard Windows main menu and operates thus in exactly the same

way.

Selecting items from the menu, running through and opening of the sub-menus
and applications is done as any standard Windows program.

5.2 The Actions menu

DfeEN Options  Help

Open Image ...
Save Image ...
Prink Irmage

Delete Dataset

Grab ¥-Ray Image
Shows Wisual Image

Skart Scouk Scan

Start Scanning For Reconstruction ...

Remove COhject
Stark Recanstruction ...

Set Object Position ...
Set Wiew Angle ...

Exit

CtriH0
Ctrl+5

|

-> Opens an existing image file.
-> Saves the image to disk

-> Displays submenu

-> Displays submenu

-> Acquires one image from X-ray camera

-> Starts external program for animal imaging and
physiological monitoring

-> Starts scout scan

-> Starts scanning

-> Removes object from scanner

-> Starts reconstruction program

-> Sets the position of the bed by numerical value

-> Sets the rotational position of the source-detector
pair around the object

-> Closes the control program



5.2.1 Open Image command

Use this command to open an existing image file.
Following “Open” dialog will appear onto the screen.

Open @

Laok jn: | (23 results x| & cf ER-
o1 [C06a 09
0z o7 Ch09a
03 074 [ j]
04 07 1104
05 o7 i1
06 0= = ¥kidney1 b
Dirnensions: 1000 x 1000

Twpe: Bitmap Image
File name: |kidne_l.J1 .brap Sizen 977 KB _l

Files of type: | BMP Files [*.bmpl | Cancel

The following options allow you to specify which file to open:
File Name
Type or select the filename you want to open. This box lists files with the

extension you select in the List Files of Type box. You can open the file by
clicking twice to corresponding filename in the table or list.

List Files of Type

Select the type of file you want to open BMP-files or TIFF-files

Shortcuts

=)

Toolbar:
Keys: CTRL+O



5.2.2 Save Image command

Use this command to save the image to the disk. The program will display the
following “Save” dialog box:

Save As E]

Save i |E} results ﬂ & EF -
01; i [T 09

D02 07 092

=03 072 )10

D04 [So7b C3)10a

05 07 1t

=08 08

File narne: |test
Save az bype: |BMP Filez [* brop) j Cancel

The following options allow you to specify the name and type of the file you're
about to save:

File Name

Type a new filename to save a document with a different name. You can select
existing filename to replace existing image. Program will ask you a confirmation
to delete existing file

Save as type
Select the type of file you want to save: 8-bit BMP-file or 16-bit TIFF-file

Shortcuts

Toolbar:
Keys: CTRL+S



5.2.3 Print image command and submenu

The Print submenu offers the following commands:

Prink... Chel+P -> Prints a document

Prink Preswvigw -> Displays the image as it would appear when printed
Print Setup... -> Selects a printer and a printer connection

s -> Sets the print layout

Print command

Use this command to print a document. This command presents a Print dialog
box, where you may specify the range of pages to be printed, the number of
copies, the destination printer, and other printer setup options.

Shortcut

Toolbar:

Print Preview command

Use this command to display the image as it would appear when printed.

When you choose this command, the main window will be replaced with a print
preview window in which one or two pages will be displayed in their printed
format. The print preview toolbar offers you options to view either one or two
pages at a time; move back and forth through the document; zoom in and out of
pages; and initiate a print job.

Print Setup command

Use this command to select a printer and a printer connection. This command
presents a Print Setup dialog box, where you specify the printer and its
connection.



Print Layout

Use this command to set print layout. Following dialog window will be

displayed:

Print Layout

Scout view ] Image ]

0l

Top Margin [mm] |20

Left Margin [mm) |30

Zoom [%] 350

X]

Cancel |

Print Layout

Soout view  Image l

Top Margin (mm] |10

85 ﬁ
Left Margin [mm] |20
Zoom [%) 230
Time v
Drate v
Title v

%)

Cancel

Print layout for scout view contains
adjustments for printing position
(margins) on the page and image
scale as a zoom from original
(corresponding to object size) format.

Print layout for image contains the
same adjustments as above plus
possibilities to include in the printing
form some additional information,
such as time, date and title of the
image



5.2.4 Delete Dataset and submenu

Delete Dataset -> BMP-files

AR Opkions  Help

Open Image ... o @D Use this command to remove full

save Image ... Cr+s E set of reconstructed results with

Print Image 4 Nl e . .

ST BMP-fles selected prefix from the disk.
TIFF-Files ...

Grab ¥-Ray Image
Show Wisual Image

Delete Dataset -> TIFF-files

LY Opkions  Help

Open Image ... Chrl+0 @ID Use this command to remove full
gévtellmage--- Qi X E set of acquired projection images
o e fie with selected prefix from the disk.

TIFF-files ...
Grab ¥-Ray Image

Show Wisual Image

5.2.5 Grab X-Ray Image

Use this command to acquire one image from X-ray camera. One can use
“Zoom In” and “Zoom Out” options in the context menu, activated by right
mouse button, to adjust necessary image size on the screen after acquisition.

Shortcut

Toolbar: @

The “Grab X-Ray Image” function is also accessible from additional menu by
clicking to the right mouse button in the X-Ray image on the screen

Grab ¥-Raw Image

ZoormIn
ZoormOuk

Acguisition Patameters
Filter »




5.2.6 Show Visual Image and physiological monitoring
This command will start the external program for animal imaging and

physiological monitoring. Visual image of the object can be shown in one of
three sizes.

Shortcuts

Toolbar: Q

Icon on desktop: Rz
LookIn

5.2.6.1 The Actions menu

® The Look Inside

-> Use this command to select the size of the visual
image shown on the screen.

Medium
Large

Settings

Close

Actions

Size L4
Settings -> Use this command to select the settings for the visual
camera
Close
Camera
nput[0.3: [ 1 -> Changes the camera Input (for skyscan1076 choose 1)
color camera |~ -> Change to color image if color camera is available
turn image [~ -> Turns the image upside down
Gain: ——t— -> Adjusts the Gain (contrast) of the visual image
Dffset:  ———F—— -> Adjusts the Offset (brightness) of the visual image

Disfaul -> Selects default settings for Gain (=1) and Offset (=0)

-> Closes the “Settings” window




5.2.6.2 Physiological monitoring subsystem

Subsystem for physiological monitoring of the small laboratory animals during
scanning contains following parts:

Animal®s | video monitoring,
i i
stage B movement detection
ERTLE |f"'|'
SRl

kY

i
— o body temperature / "'j

Y breathing detection

measurement and
stabilization

Y heart rate analysis

The TV-camera in the animal bed produces real-time visual image. Operator
can see the animal on the computer screen in any time including x-ray
scanning. Special software detects local movement of the animal body. This
information can be used for scanning synchronization with animal's breathing.

Air / gas flow sensor can be connected to the mask in the animal bed for direct
breathing detection. The breathing sensor reacts to the changes of the direction
in the air or gas flow. Typical sensitivity is 0.002 mBar differential pressure or
1sccm (1 cm3 of gas per minute) airflow. Sensor can be connected in between
of the gas anaesthesia system and the pipe to the animal's mask.

Temperature sensor on the animal bed measures the body temperature with
accuracy of 0.2-0.3C in the range of 18C...40C. Physiological monitoring
software shows this information on the screen as a curve and numerical value.
Operator can adjust a specific temperature for switching of animal heating by
airflow in the case of measured temperature decreases under this value.

ECG-amplifier connected to the animal by special non-metallic wires and

electrodes. It makes all connections practically invisible in x-ray image. Heart
pulses and numerical value of the heart rate are indicated onto the screen.



Screen copy of the Skyscan-1076 software during scanning with
Physiological Monitoring.

[

EmsiFn. I EER i

Left part: scout view (up to 200mm) with selection of the scanning position.
Central part: real-time x-ray image and progress indicator;

Right bottom part: physiological monitoring and real-time visual image of
the animal.

5.2.6.3 Physiological Monitoring window onto the screen

Physiological monitoring information will be shown in additional window in the
top of the visual image. Operator can switch ON the Physiological monitoring
window by typing “PM” on the keyboard (capital letters: “shift” + pm) during
operation of visual camera. To close Physiological monitoring window press:

and ol region real-time profile
ol imearast moemsal
gl o —ee (lalECHON
movameani
detestion
threshold
pesIons o
BYNG. pulse

prohbe O-lina

genearalion i
on/off sound syne. pulsa
inCeCa o Hor AN DO

SN U b

current body
temperatura
indicai

M1 2k

_healer indicalor

breathing

rale indicalce

heartrale
IR

sabpcior i - S ACCESS 10
ool | [T eegral e | @] 2105035

which will ;
B used [Or SCAMNING
sCanmning | EyNC. pulges
COaNnod nCAaloe

$1rwt T
a 2ll-AIRE Tl




In the Actions Menu of the “LookIn” program additional settings for temperature
will appear during Physiological monitoring:
Settings .

Camera

|mput [00..3] : 1

color camera [

turr irmage [

Gain: ——F—
Offzet: ———t—

Drefault

Temperature
Offset:| 17 -> Add this number for calibration of temperature sensor.
Step: 0.2 -> Multiply with this number for calibration of temperature sensor.

Fan start ['C]: 28 -> Selects the minimum measured temperature value from which

the fan/heating should start.

Adjustments (calibration) of “Offset” and “Step are normally only necessary
after replacement of the temperature sensor.

Adjustment of “Fan start” is only necessary if the room temperature is higher
than 28°C.

5.2.7 Start Scout Scan

Use this command to start scout scan. Scout image will be displayed in the left
part of the screen. The scout scan can be stopped in any time by
corresponding dialog or program will try to create the image with maximum
available length of the object bed. When scout scan will complete, one can
select a place of the scanning in the scout view by double click to the left
mouse button. Object bed will be moved to corresponding position and one full-
format x-ray image from this position will be acquired to the right part of the
screen.

Shortcut

Toolbar: @D



5.2.8 Start Scanning for Reconstruction

Use this command to start scanning to acquire data for following reconstruction.
The program displays the Acquisition Parameters dialog box to adjust all
necessary settings.

Shortcut

Toolbar: E

Acquisition Parameters dialog box

Use this command to set the acquisition parameters. Following dialog box will
be displayed onto the screen:

Acquisition Parameters

v 35
Scanning width | mm
" B8 mm
" Jum
Pixel size : ™ 18 um
(* 35um

v automatically rescale
image oh the screen

Filename prefis : bonel_
[ ata directary m

|D:\Hesults\lst

[~ Use shutter

[ #-ray OFF after scanning
[ Open abject after scanning
[ Use 360 deq. ratation

[ Spnc scanning with event

Averaging : 4 J;I

Special Modes ... »»» |

E stimated acquizition time iz
12 min

]

Caricel |

Scanning width should correspond to the size of
scanning area (diameter of object bed). Sometimes
possible to scan the central part of the big size object
with small Scan width (central part will be scanned) ->
Use “Object size > Field of view” option in the
reconstruction program in this case.

Pixel size defines resolution for reconstructed images.
Big pixel size allows accelerate acquisition and
reconstruction process against spatial resolution.
Scanning with small pixel size improve spatial
resolution, but may take significant scanning and
reconstruction time and required a lot of disk space.

Filename prefix sets the front part of the filenames for
acquired data and results of reconstruction. Use
Browse button to select another data folder or to
create new one.

Use shutter option increase acquisition time by 50%,
but reduce x-ray dose to the animal near twice.

X-ray OFF after scanning allows automating switching
off x-ray source in the end of the scanning cycle.

Open object after scanning remove object bed from
the scanner in the end of scanning cycle and open the
lock for access to the animal.

Use 360deg. rotation create data sets with improved
reconstruction quality in the top and in the bottom of the
field of view, but scanning time will increased by near
twice.

Sync scanning with event allows synchronize all
shots in the acquisition with external event, selected in
Physiological Monitoring subsystem (breathing, local
body movement, etc.). In the case of selection for this
option one can adjust in the following slider necessary
delay of the acquisition start from the sync pulse.

Averaging of several images in each rotation position reduce noise, but takes more time for

scanning.



Special modes button open next dialog window with parameters settings for
nonstandard scanning modes.

Special Acquisition Modes

Save only central object's part:

" Full width

148 width

v Automatically corect
rotation step

[v¥  Scan long object by
zeveral partial scans

Start af the scanning ’7
area [0, 200mm) e

End of the zcanning 11a
area [0... 200mm]

ATTENTION !
Settingz in thiz dialog will be
walid only for nest zcan and
will be resetted afterwards

Ok | Cancel

Save only central part option allow acquiring
projection images for reconstruction of specific
central part of the object, which can be 1/2, 1/4, 1/8
of the selected scanning width. It can reduce
necessary disk space for scanning of small objects
located in the central part of the specimen bed. Use
“Object size > field of view” during reconstruction to
avoid influence of the object bed and surrounded
specimen parts.

Automatically correct rotation step option can
reduce acquisition time by increasing of scanning
angular steps according to reduction in the scanning
area.

Scan long object by several partial scans mode
allows automatic combining several partial scans
along the object into one long reconstructed dataset.
Operator can select start and end position of the
long scanning area according to the ruler aside of
the scout view. During scanning several partial
datasets will be created. In the start of
reconstruction corresponding dialog box will allow
making choice to reconstruct one partial dataset or
automatically reconstruct and connect all available
datasets inside the long scan. We recommend to

reconstruct one cross section from one partial dataset to set all parameters, then — close
reconstruction program and select reconstruction again with choice of reconstruction for all
available datasets inside the long scan. In this case, all partial datasets will be reconstructed
with the settings, taken from the first reconstruction you made.

5.2.9 Remove Object

Use this command to remove object from the scanner. Object will be moved out
off scanner and door lock will be open.

Shortcut

Toolbar: E:D



5.2.10 Start Reconstruction

Use this command to start reconstruction program. Following dialog allows
choosing data set for sending to reconstruction.

Shortcut

Toolbar: '*%

5.2.11 Set Object Position

Use this command to set the position of the object bed inside scanning area by
numerical value. Typical range of acceptable positions is 0...200mm. The “O-
position” corresponds to the scanning close to the front end of the object bed in
the field of view. Negative positions are corresponding to the object outside the
scanner, Positive positions corresponding to the object inside the scanner.

Following dialog will be shown to select necessary object position:

Scanning Position E
Central window BR 2
ue pozition [mm) :

ak | Cancel |

5.2.12 Set View Angle

Use this command to set the rotational position of the source-detector pair
around the object. Typical range of acceptable positions is 0...360 degrees.
Following dialog will be shown to select necessary viewing angle:

Rotate to... Ff]

G Angle 40.2
] | Cancel |




5.2.13 Exit command

Use this command to close the control program for SkyScan-1076 Micro-CT
instrument. You can also use the Exit command on the Actions menu.

Shortcuts

Mouse:

Double-clicking to the left top corner of the program window is the same as
choosing the Exit command.

LrPinns

Keys: ALT+F4



5.3 The Options menu

Actions M Help

=

Acquisition ...

#“-Ray Source ...

Filker k
View 4
About in-vivo MicroCT

5.3.1 Acquisition
Use this command to set the acquisition parameters. Following dialog box will

be displayed onto the screen:

Acquisition Parameters

oy

v 35
Seanning width | mm
" B8 mm
™ Qum
Pixel size : " 18 um
* 35um

v automatically rescale
image an the screen

Filename prefis : bonel_

[ata directory

|D:\F|esults\tst

[ Use shutter

[ #-ray OFF after zcanning
[ Open abject after scanning
[ Use 360 deq. ratation

[™ Sync scanning with event

Averaging ; 4 _I;I

Special Modes .. 33> |

E stimated acquizition time is
12 min

o]

Cancel |

-> Sets the acquisition parameters

-> Adjusts the settings for the X-Ray source

-> Selects corresponding physical filter

-> Access to the settings for all possible acquisition modes

-> Modifies geometrical settings of the scanner.

-> Starts automatic alignment procedure of the scanner

-> Displays submenu

-> Displays the copyright notice and version number of
the control software

Scanning width should correspond to the size of
scanning area (diameter of object bed). Sometimes
possible to scan the central part of the big size object
with small Scan width (central part will be scanned) ->
Use “Object size > Field of view” option in the
reconstruction program in this case.

Pixel size defines resolution for reconstructed images.
Big pixel size allows accelerate acquisition and
reconstruction process against spatial resolution.
Scanning with small pixel size improve spatial
resolution, but may take significant scanning and
reconstruction time and required a lot of disk space.

Filename prefix sets the front part of the filenames for
acquired data and results of reconstruction. Use
Browse button to select another data folder or to
create new one.

Use shutter option increase acquisition time by 50%,
but reduce x-ray dose to the animal near twice.

X-ray OFF after scanning allows automating switching
off x-ray source in the end of the scanning cycle.

Open object after scanning remove object bed from
the scanner in the end of scanning cycle and open the
lock for access to the animal.

Use 360deg. rotation create data sets with improved
reconstruction quality in the top and in the bottom of the
field of view, but scanning time will increased by near
twice.

Sync scanning with event allows synchronize all
shots in the acquisition with external event, selected in
Physiological Monitoring subsystem (breathing, local
body movement, etc.). In the case of selection for this
option one can adjust in the following slider necessary

delay of the acquisition start from the sync pulse.
Averaging of several images in each rotation position reduce noise, but takes more time for

scanning.



Special Acquisition Modes

O 144 widt
148 width

v Automatically corect
rotation step

[v¥  Scan long object by
zeveral partial scans

Start af the scanning ’7
area [0, 200mm) e

End of the zcanning 11a
area [0... 200mm]

ATTENTION !
Settingz in thiz dialog will be
walid only for nest zcan and
will be resetted afterwards

=]

Cancel

Special modes button open next dialog window with parameters settings for
nonstandard scanning modes.

Save only central part option allow acquiring
projection images for reconstruction of specific
central part of the object, which can be 1/2, 1/4, 1/8
of the selected scanning width. It can reduce
necessary disk space for scanning of small objects
located in the central part of the specimen bed. Use
“Object size > field of view” during reconstruction to
avoid influence of the object bed and surrounded
specimen parts.

Automatically correct rotation step option can
reduce acquisition time by increasing of scanning
angular steps according to reduction in the scanning
area.

Scan long object by several partial scans mode
allows automatic combining several partial scans
along the object into one long reconstructed dataset.
Operator can select start and end position of the
long scanning area according to the ruler aside of
the scout view. During scanning several partial
datasets will be created. In the start of
reconstruction corresponding dialog box will allow
making choice to reconstruct one partial dataset or
automatically reconstruct and connect all available
datasets inside the long scan. We recommend to

reconstruct one cross section from one partial dataset to set all parameters, then — close
reconstruction program and select reconstruction again with choice of reconstruction for all
available datasets inside the long scan. In this case, all partial datasets will be reconstructed
with the settings, taken from the first reconstruction you made.



5.3.2 X-Ray Source

Use this command to adjust settings for x-ray source. Following dialog box will
be shown onto the screen:

“oltage Current  Power

L7301-01.L8031-01 T
Elapzed time
378 hours
99 kX 0%

b axirnum power: 10 [v keep masimunn power

Apply

Tube model

Left part of the dialog box shows information about the type of x-ray source,
elapsed time (active emission) and maximum available power.

Right part is used for indication of current values (red) and adjustment for new
values (blue). New values can be applied by pressing to Apply button.

Keep “Maximum power” option adjusts voltage from current or current from
voltage to get maximum available power from the x-ray source.

5.3.3 Filter

Use this command to select corresponding physical filter in the X-ray beam.
Acquisition parameters, camera settings and all correction maps will be
adjusted corresponding to new selected filter.

Options Mgl
Acquisition ... B @
w-Ray Source .., | fﬁ =
o iter

* Al 0.5 mm

Ti 0,025 mm
&l 1.0 mm




5.3.4 Scanning Modes

This command is only accessible by pressing “Ctrl”+”Alt”+”Shift"+"s”. Pressing
the password combination again will close access to this command.
Use this command for access to the settings for all possible acquisition modes:

Presets %]
! | Rezolution | Filter | Exposure | Valtage | Current | HU-calibr. | Rat.step |
S um Mo filter 1767 ms3 65 kY 0, 4200 0.20°
9 um &) 05 rom 3534 ms3 100 kv 0, E000 0.30°
9um Ti0.025 mm 2356 ms 90 kv 0 L, E000 0.25°
O 9um &) 1.0 mm 3534 ms 100 kv 0 L, 8000 0.30°
O 18 um Mo filter 2595 mz B kW 0wy, 1300 0.40°
O 18 um &) 05 rm 1770 ms 100k 0 L, 4400 0.50°
D 18 um Ti 0.025 mm 285 ms
O 18 um &) 1.0 rom 2065 s 100 kY 0, 6300 0.50°
(| 3B um Mo filter 158 ms B kW 130 1100 0.60°
O 3B um &) 05 rom B ms 100 kv 0, 2500 0.80°
O 35 um Ti0.025 mm 3B ms 90 kY 0 L, 2000 0.80°
O 35 um &)1.0 mm 790 ms 100k (I 3000 0.80°

E FlatField references : =
El -
~

aK | Cancel ‘

Top part of the dialog window contains a table with 12 acquisition modes for 4
available filters and 3 possible pixel sizes. For sorting according to specific
parameter click twice to the corresponding column title.

To modify any particular scanning mode click twice to the corresponding line in
the table. Following dialog will allow modification of all listed parameters for
selected mode.

One of the scanning modes can be selected (highlighted) to update flat-field
correction maps after modification in acquisition parameters. In the case of
modifications in several modes, use check boxes in the front of corresponding
lines for indication of the modes to update.

Flat-field references can be acquired for one or several selected modes by
choosing corresponding option in the bottom of dialog window.



5.3.5 Set-up

This command is only accessible by pressing “Ctrl”+”Alt”+”Shift"+"s”. Pressing
the password combination again will close access to this command.

Use this command to modify geometrical settings of the scanner.

ATTENTION!

Wrong values in one or several parameters can cause the scanner damages,
image distortions or incorrect reconstruction results.

Pixel size [um] : 8.92

Optical axle : 1200

Horizontal overlap ; |128

1000

1T

Wertical overlap :

Image rotation (7], |0.35

Camera #/7 rabio 092

Source-detector
diztance [mm) ;

Source-ohject
diztance [mm) ;

FlatField references
for current mode

Clear
Acquire

Load

Ingtrurnent 5 4 M

—
——

Hardware version :
ATTENTION |
MODIFICATION OF ABOWE
PARAMETERS CAM DAMAGE

THE INSTRUMEMT OR
DISTORT RESULT IMAGES

Cancel

Pixel size adjusts the size of the
image pixel in the object plane for the
maximum camera resolution.

Optical axis shows position of the
scanning line (0...2000) where x-ray
beam from the source hit the camera
with exactly 90 degrees angle.
Horizontal overlap (in number of
pixels) adjusts overlap of two images
in the case of the scanning with
biggest object size. In the overlapped
area two images from the different
camera positions will be combined by
averaging with linear weight function.
Vertical overlap (in number of lines)
adjusts image overlaps during scout
scan. Image rotation (in degrees)
defines the rotation angle of the two
partial images in the scanning with
biggest field of view for creation of one
continuous image.

Source-Detector distance defines
the distance in mm from the emission
point inside the x-ray source to the
scintillator layer inside the camera.
Source-Object distance is a distance
in mm from the emission point inside
the x-ray source to the rotation axes of
the source-detector pair.

Flat-field references for current
mode allows acquire, load or clean

the reference maps for flat-field correction for the current camera mode in the
central camera position. Acquired reference fields will be immediately

automatically saved to the disk.



5.3.6 Alignment

This command is only accessible by pressing “Ctrl”+”Alt”+”Shift"+"s”. Pressing
the password combination again will close access to this command.

Use this command to start automatic alignment procedure of the scanner.

5.3.7 View

Acquisition ...
#-Ray Source ..,
Filter 3

Scanning Modes. .,
Setlp ...
alignment

3 Toobar -> Shows or hides the Toolbar
about in-viva MicroCT w Status Bar -> Shows or hides the Status bar

-> Use this command to zoom in X-Ray image
Zoomut -> Use this command to zoom out X-Ray image

5.3.7.1 Toolbar command

Use this command to display and hide the Toolbar, which includes buttons for
some of the most common commands in the control program for Skyscan-1076
micro-CT scanner. A check mark appears next to the menu item when the
Toolbar is displayed.

Toolbar:

BB EED (5

The toolbar is displayed across the top of the application window, below the
menu bar. The toolbar provides quick mouse access to many tools used for
scanner control and data access.




Click To

-
B Open an image.

Save the active image.

Print the active image.

Start or stop the x-ray source.

é
(5 Acquire x-ray image.
Q Access to visual and physiological monitoring program.

@D Start scout scanning.

E Start data acquisition for reconstruction.

I:':> Remove the object from the scanner and open specimen
chamber.

Eﬂ Start reconstruction program.

=

Access to context help.

5.3.7.2 Status Bar command

Use this command to display and hide the Status Bar, which shows the position
of the object and source-detector pair in the current moment. A check mark
appears next to the menu item when the Status Bar is displayed.

Status Bar:

rotation: 12,90 position 25,500 mm

Status Bar shows the position of the object inside the scanner in mm and
source-detector pair angular position in degrees in the current moment.

5.3.7.3. Zoom In

Use this command to zoom in image from X-ray camera onto the screen.



5.3.7.4 Zoom Out
Use this command to zoom out image from X-ray camera onto the screen.

The Zoom In or Zoom Out functions are also accessible from additional menu by
clicking to the right mouse button in the X-Ray image on the screen.

Grab ¥-Ray Image

Zoamln

Zaarmict

Acquisition Parameters
Filter r

5.3.8 About in-vivo Micro-CT

Use this command to display the copyright notice and version number of your
copy of the control software for the in-vivo micro-CT scanner Skyscan-1076.

5.4 Help

The Help menu offers the access to the help-information available on this
software package.



