












































I Part Names and Functions _l

2.3 Power Supply Switch and [EMERGENCY STOP]
Button

2.3.1 Main Power Supply Circuit Breaker

The main power supply circuit breaker is located on the side of the control board, at the rear of the
shield box. If the system will not be used for an extended period, such as before the weekend or

holidays, switch the main power supply circuit breaker OFF, as described in 3.6 Shutting Down the
System. S—

’—-\

” ~
7 POWER ON N

: . - b
L/ / Nl
Fig. 2.9 Main Power Supply Circuit Breaker

2.3.2 [OPERATE] Key Switch

ElsSHIMADZU

EMERGENCY STO

Fig. 210 [OPERATE] Key Switch

The [OPERATE] key switch is located on the upper left of the operation box. To operate the system,
insert the OPERATE key into the key hole and tum the [OPERATE] key switch clockwise to [ON].

To stop operating the system, turn the [OPERATE] key switch to [OFF] by turning the OPERATE key
counterclockwise, then pull it out.

Store the OPERATE key carefully so that it does not get lost or damaged.
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Operating the X-ray CT System

No. Item Description
1 X-ray Control Area Used to control the X-ray generator.
2 Live Image Display Used for viewing live images, for moving the CT stage by left-clicking
Area on the live image, and for displaying instrument information.
Live Image Qualit - . : L
3 Settings gArea y Used to specify image quality settings for the live image.
Exposure Time :
4 Setting Area Used to select the exposure time of the Flat panel detector.
5 Acquisition Mode Used to specify acquisition mode settings for the flat panel detector
Settings Area )
6 Save Settings Area Used to specify settings for saving image files.
. Used to automatically position the CT stage and set X-ray parameters
7 Scan Settings Area during CT scanning.
8 Scanning Parameter Used to switch between [CT], [DR], and [CR] tabs and specify various
Settings Area scan parameters.
. Used to switch between various information displayed on the live
9 Other Settings Area image and control stage movements.
10 | Image Display Area Used to display resulting scan, MPR, and VR images.
11 Reconstruction Area Used to change parameters and recalculate previously collected data.
2D Panorama Scan . .
12 Setting Area Used to specify 2D panorama scan settings.
13 Instrument Settings Used to save/load instrument parameters and perform various
Area calibration processes.
14 System Management Used to specify system management settings.

Area

Note: No one except your system manager should click this button.
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I Operating the X-ray CT System

3.3 Performing Startup Inspections

Confirm that the system functions properly by performing a startup inspection according to the
following procedure.

1 « When the software is launched, a startup inspection wizard starts up.

2 « Inspect the lead glass for any scratches or cracks. If nothing unusual is discovered, click the [Next]
button.

LeadGlass P

9 (1)Check the following items.
- Lead glass does not be broken and chipped.

If the system malfunctioned,
please contact our field engineer.

L

0speX5 (2)Click the Next button.

_____
i =
[ 1
[ I—

Fig. 3.17 [Set-up Check] Window for Checking the Lead Glass

¥ WARNING

0 Problems with Lead Glass
If the lead glass is scratched, cracked, or otherwise damaged, click the |t o | [Out

Instructions  of Order] button in the startup inspection wizard to stop the wizard. If the wizard is
stopped, the following message appears and the X-ray control area is not launched.
Scratched or cracked lead glass could cause X-ray leakage. Therefore, promptly
contact your Shimadzu representative.

inspeXio E

The lead glass has flaws or breakings.
. Please cotact our field engineer.
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Operating the X-ray CT System

3. Confirm that the [READY] lamp is not illuminated and whether or not a sample is present.

Set-up Check

Please open the slide door.

Fig. 3.18 [Set-up Check] Wizard Window for Checking the [READY] Lamp and Sample

@ note
If the Sliding Door is Open
This wizard window does not appear if the sliding door is already open, but that is normal.

4. Grip the sliding door handle and open the sliding door.

Fig. 3.19 Opening the Sliding Door
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I Operating the X-ray CT System

5. When the sliding door is opened, the wizard alternates between displaying the following windows.
Confim the following.
* The [READY] lamp is not illuminated
* There is no sample on the CT stage

READY Lamp READY Lamp >
Sample Sample
(1)Check the following items. (1)Check the following items.
- The READY lamp is off. - The READY lamyp is off.
‘ - There is no sample on CT stage. - There is no sample on CT stage.
XA
1F the system malfunctioned, I!lhesy!emmluahmd
please contact our field enginser, please conzact our Fekd engineer.
I (2)Please dose a shide door. ISP (2)please dose a shide door.
[owa]

Fig. 3.20 [Set-up Check] Wizard Window for Checking the [READY] Lamp and Sample

WARNING

[READY] Lamp Error
Confirm that the [READY] lamp is not illuminated. If the [READY] lamp is illuminated,
click the [Out of Order] button in the startup inspection wizard to stop the
wizard. If the wizard is stopped, the following message appears and the X-ray control
area is not launched.

The status of interlocks cannot be verified if the [READY] lamp is not functioning
properly. Therefore, promptly contact your Shimadzu representative.

ﬁ

READY lamp or X-RAY lamp is abnormal,
X-ray control is disenabled.

Instructions
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Operating the X-ray CT System

6. Close the sliding door and confirm that the [READY] lamp is illuminated.Close the sliding door by
turning the door safety lock counterclockwise with the left hand and gripping the door handle with
the right hand and gently sliding the door to the left.

Fig. 3.21 Closing the Sliding Door

¥ CAUTION

Door Safety Lock

The sliding door is very heavy and generates considerable inertia when opened or
i closed. The door safety lock mechanism is provided to prevent pinching fingers,
Instructions  hands, or other items.

L{” NOTE
Checking the MTT Controller Key Switch

Turn the MTT controller key switch ON before starting the software. If the key switch for the MTT
control is not ON, then the [READY Lamp and Sample] window, used for startup inspection,
cannot be closed, even the [READY] lamp is illuminated.
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I Operating the X-ray CT System

7. When the sliding door is closed, the wizard displays the following window. Confirm the following.
* The [READY] lamp is illuminated

(1)Check the following items.
- The READY lamp is on.

If the system malfunctioned,
please contact our field engineer.

10599 (2)Click the XRAY button.

Out of Order ‘ Finish ‘

Fig. 3.22 [Set-up Check] Wizard Window for Checking the [READY] Lamp

¥ WARNING

[READY] Lamp Error
Confirm that the [READY] lamp is illuminated. If the [READY] lamp is not illuminated or

otherwise not functioning properly, click the [Out of Order] button in the
startup inspection wizard to stop the wizard. If the wizard is stopped, the following
message appears and the X-ray control area is not launched.

The status of interlocks cannot be verified if the [READY] lamp is not functioning
properly. Therefore, promptly contact your Shimadzu representative.

rﬁw

READY lamp or X-RAY lamp is abnermal,
X-ray control is disenabled.

Instructions
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Operating the X-ray CT System

8. Emit X-rays and confirm that the [X-RAY] lamp illuminates.
Click the [X-RAY] button in the startup inspection wizard to emit X-rays.

Set-up Check

=

READY Lamp »  X-RAY Lamp

(1)Check the following items.
- The READY lamp is on.

If the system malfunctioned,
please contact our field engineer.

InspeXs - (2)Click the XRAY button.

Out of Order Finish

Fig. 3.23 [Set-up Check] Wizard Window for Checking the [X-RAY] Lamp

9. When X-rays are emitted, the wizard displays the following window. Confirm the following. The
[X-RAY] button in the startup inspection wizard appears red while X-rays are being emitted.

* The [X-RAY] lamp is illuminated
If everything is normal, click the [Finish] button and close the startup inspection wizard.

Set-up Check

»  X-RAY Lamp

(1)Check the following items.
- The X-RAY lamp is on.
* X-rays stop in 13 seconds for safety.

If the system malfunctioned,
please contact our field engineer.

inspeX= - (2)Click the [Finish] button.

_____
i

Out of Order 1 1

‘ Syt
|

Fig. 3.24 [Set-up Check] Wizard Window for Checking the [X-RAY] Lamp
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I Operating the X-ray CT System

¥ CAUTION

[X-RAY] Lamp Error
Confirm that the [X-RAY] lamp is illuminated while X-rays are emitted. If the [X-RAY]

Out of Order

Instructions  1@amp is not illuminated or otherwise not functioning properly, click the [Out of
Order] button in the startup inspection wizard to stop the wizard. If the wizard is
stopped, the following message appears and the X-ray control area is not launched.
The X-ray emission status cannot be verified if the [X-RAY] lamp is not functioning
properly. Therefore, promptly contact your Shimadzu representative.

inspeXio E

READY lamp or X-RAY lamp is abnormal.
K-ray control is disenabled,

1 0 When X-rays are emitted, the wizard displays the following window. Confirm the following. The
[X-RAY] button in the startup inspection wizard appears red while X-rays are being emitted.

inspeXio @

READY lamp and X-RAY lamp are normal.
X-ray control is enabled.

Fig. 3.25 Startup Inspection Finished Message

X-Ray Exposure Hazard
o As a pre-operational inspection routine, always confirm that the sliding door interlock
i circuits are functioning properly. If the interlock circuits are not functioning properly,
Instructions  there is a risk of X-ray leakage and exposure. If this is the case, immediately stop
using the system and contact your Shimadzu representative.
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Operating the X-ray CT System

L{I/ NOTE
Interlock Circuits

It is normal for the [X-RAY] button in the X-ray control area to take one or two seconds to turn green
after the sliding door is closed.

In some cases, the [X-RAY] button in the X-ray control area will remain gray even after closing the
sliding door. If opening and gently closing the door again solves the problem, this is normal.

3.4

Aging the X-ray generator

The CT software inspeXio64 determines the tube voltage output permitted based on the last time the
previous aging process was finished and the specified voltage setting. If aging was finished within the
last 24 hours, then X-ray output can be freely selected within the aging range.

However, if more than 24 hours have elapsed since aging was last finished, the monitor value is
displayed in red, to indicate a warning. If more than 48 hours have elapsed and the voltage setting is
over 161 kV, then a message appears reminding the user to perform aging and X-ray output is limited
to 160 kV.

However, if more than 24 hours have elapsed since aging was finished, the monitor value is
displayed in red to indicate a warning. If a voltage setting of over 160 kV is specified more than 48
hours after aging is finished or 8 hours after X-rays were last emitted, then a message appears
reminding the user to perform aging and X-ray output is limited to 160 kV.

X-ray output at 160 kV or less is possible even after more than 48 hours since aging was last finished,
but to ensure X-ray generator performance is maximized, perform aging before each time the system
is used, even if the voltage setting is below 160 kV.

Age the X-ray generator monthly, even if the system is not being used or is in storage. Not aging the
X-ray generator regularly could shorten its service life.

. . Below 160 kV or Voltage When Over 160 kV or Voltage When
Period Since Last s . . )
Agina Was Last Finished Aging Last Finished Aging
Ig'n%hed Monitor Value X-Ray Monitor Value X-Ray

n Display Color Emission Display Color Emission

Oto 24 hrs Black Yes Black Yes

24 to 48 hrs Red Yes Red Yes

Over 48 hrs Red Yes Red No
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I Operating the X-ray CT System

3.41 Aging Cycle

Aging is required if more than 24 hours have elapsed since aging was last finished. The aging cycle is
set automatically based on when the last aging was finished and the voltage setting, as shown in the
table below.

Period Since Last Aging Voltage Setting (kV)
Was Finished 1 2 3 4 5 6 7 8
24 hours to 3 days 165 185 205 225 -- -- -- -
4 to 7 days 145 165 185 205 225 -- -- --
7 to 30 days 125 145 165 185 205 225 -- --
Over 30 days
or since filament was 85 105 125 145 165 185 205 225
replaced
¥ CAUTION
Vacuum Gauge Output
Do NOT perform aging until the indicated vacuum gauge output value is 15 or less.
o Aging the X-ray generator when the vacuum gauge output is over 15 can cause an
Prohibitions  ¢|ectrical discharge accident or cause the X-ray generator to malfunction. Use the
vacuum gauge output display to confirm the vacuum gauge output value.
|mm e ———————— ':
o . Lol 3 veowm u
x -RAY 200 70 W Interlock
B Power Limit
ldeled el 1o
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3.4.2 Aging the X-ray generator

Operating the X-ray CT System

Age the X-ray generator according to the procedure below.

1 « In the X-ray control area, specify the maximum tube voltage to be used that day.
Based on the time the previous aging finished and the voltage setting, the software determines
whether or not aging is necessary. If necessary, the values in the [kV] and [pA] monitor displays

are shown in red.

Displayed
/ in Red

Displayed
in Red
1
0 l‘::ﬂing |73 Vacuum

: 70 Interlock —
--------- L — Power Limit =
( H > ‘ Overheat —

Comm. Error =]

Fig. 3.26 Tube Voltage / Tube Current Monitor Values Displayed in Red

2 « Make sure the sliding door is completely closed.

3. Clicking the [Aging] button opens the [Automatic Aging] window below.

Automatic Aging
Automatic Aging Pattern
X-ray Voltage X-ray Voltage Retry Mode
il 145 | kv 11 ofkv Mo. of Errors: 75
2 165 | kv 12 0 kv Volt Drop: 5 kv
3 185 | kV 13 0| kv
4 200 | kv 14 0| kv Edit
s 0| kv 15 0| kv
i} 0| kv 16 ok
7 0| kv 17 0| kv
8 0] kv 18 0] kv
9 0| kv 19 ofkv
10 0| kv 20 0| kv
[ st | [ Cose |
Fig. 3.27 [Automatic Aging] Window

inspeXio SMX-225CT FPD HR Basic Operations Instruction Manual 37



Operating the X-ray CT System

4. The [Automatic Aging] window displays the optimal aging cycle (list of kV setting values), based
on the voltage value and time when the previous aging finished.

Click [Start] to start the aging.

(1) X-ray radiation begins, and the voltage is gradually increased from zero to the value for each
voltage setting in the aging cycle.

Aging

Aging to 200 kV

Elapsed Time: 2 min 42 sec

Fig. 3.28 [Aging] Window

(2) The [Aging] Finished window appears.

Aging

Aging is finished.

¥-ray Voltage: 200 kv
Start Time: 21:09
End Time: 21:16
Elapsed Time: & min 19 sec

Fig. 3.29 [Aging] Finished Window

l” NOTE
kV/UA Monitor Value Display During Aging

The kV/pA monitor values may fluctuate during aging. This is due to the micro discharge inside
the tube and is normal.

ﬂ’/ NOTE
Bursting Sound From High-Voltage Transformer

In rare cases, a bursting sound may be emitted from the high voltage transformer during aging.
This is due to air bubbles in the insulating oil bursting from electrical discharges inside the high

voltage transformer and is normal. If this occurs, temporarily stop aging, then resume aging
again.
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Operating the X-ray CT System

3.5 CT Scanning

The basic process flow for performing CT scans is described below.
= For more details about CT scanning, see 5 CT Operations.

5.2 Setting the CT Scan Area (FOV)

Place the sample on the CT stage and decide
the CT scan region.

(1

5.3 Setting X-ray Parameters

Determine the optimal X-ray tube voltage and
current.

(1

5.4 CT Scanning Parameter Settings

Specify whether to spend a longer time CT
scanning to prioritize image quality or to spend
a shorter time CT scanning to prioritize speed.

(1

5.5 [Save] Settings Area

Specify the folder for saving CT data.

-

5.6 CT Scanning

Press the [START] button to start the CT scan.

-

5.7 Displaying CT Images ([MPR] Window)

Display the CT scan results.

Note: Numbers correspond to section
numbers in this manual.
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I Operating the X-ray CT System B

3.6 Shutting Down the System

Shut down the system according to the process flow summarized below.

3.6.1 Cleaning Up

(1

3.6.2 Closing the CT Software

(1

3.6.3 Closing Windows and Shutting Down the
Control Computer

(4

3.6.4 Shutting Down the Operation Power Supply

Remove any CT scan samples and
sample setting jigs.

Close the CT software inspeXio64.

Shut down Windows and switch OFF
the control computer.

Turn the [OPERATE] key switch on the
operation box to [OFF].

=
<~

When Shutting Down For Extended Disuse

3.6.5 Shutting Off the

4

3.6.6 Shutting Off the Main System Power Supply

Stop the vacuum pumps and switch
OFF the X-ray control box power.

Switch the main power supply circuit
breaker OFF.

¥ CAUTION

Main System Power Supply.

0 Operating the System Intermittently

If the system will be operated intermittently (without long periods of disuse), shut down
i the system according to the procedure described up to 3.6.4 Shutting down the
Instructions o peration Power Supply. If the system will not be used for an extended period, shut
down the system according to the procedure described up to 3.6.6 Shutting Off the

Age the X-ray generator monthly, even if the system is not being used or is in storage.
Not aging the X-ray generator regularly could shorten its service life.

40
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Operating the X-ray CT System

3.6.1 Cleaning Up

Remove any CT scan samples and sample setting jigs.

3.6.2 Closing the CT Software

Close the CT software inspeXio64 by clicking the X| (close) icon in the upper right corner of the
inspeXio64 [Main] window.

T
==

uA 3 vacuum
Setting |—

70 Interlock

Lplc

kv
Setting
150

E— Power Limit
&« \i“j > < > Overheat
Comm. Error
Scan Settings

Fig. 3.30 Closing the Software

EE)

3.6.3 Closing Windows and Shutting Down the Control Computer

Shut down the control computer as described in the procedure below.

g @ ‘ L” J

Fig. 3.31 Start Menu

After a brief delay, the control computer automatically shuts down and the power is switched OFF.
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I Operating the X-ray CT System

3.6.4 Shutting Down the Operation Power Supply

To stop operating the system, turn the OPERATE key counterclockwise, to [OFF], then pull the
OPERATE key out.

Bl sSHIMADZU

Fig. 3.32 [OPERATE] Key Switch

¥ CAUTION

[OPERATE] Key
Store the OPERATE key carefully so that it does not become lost or damaged.

Instructions
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Operating the X-ray CT System

3.6.5 Shutting Off the X-ray generator

Shut off the X-ray generator according to the procedure described below.

1 « Loosen the fastener screws and open the maintenance door, located on the left upper of the shield
box.

v

Fig. 3.33 Maintenance Door on Left Upper of Shield Box

2. Push the [OFF] button (orange) on the front panel of the X-ray control box (MTT controller) to shut
off the vacuum pumps (diaphragm pump and turbo molecular pump).

[OFF] Button (orange)

Fig. 3.34 [OFF] Button on Front of X-ray Control Box

3. After 3 minutes, Loosen the vent valve of turbo molecular pump in turning counterclockwise once.
Then the X-ray tube is discharged to atmosphere.

Fig. 3.35 Loosen the Vent Valve
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I Operating the X-ray CT System

4. Turn the key switch on the front panel of the X-ray control box (MTT controller) to [OFF]. Store the
OPERATE key carefully so that it does not become lost or damaged.

Key Switch

Fig. 3.36 Key Switch on Front of X-Ray Control Box

5. Switch OFF the power switch located on the back of the X-ray control box (MTT controller).

Power Switch

O

Fig. 3.37 Power Switch on Back of X-ray Control Box (MTT controller)

6. Close the maintenance door located on the left upper of the shield box, and tighten the fastener
screws.

Fig. 3.38 Maintenance Door on Left Upper of Shield Box
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Operating the X-ray CT System

3.6.6 Shutting Off the Main System Power Supply

1 « Switch the main power supply circuit breaker OFF.

|— : - ’POV-V-ER—OI\T N
7/ \
0 m
ﬂ I 41 ,l.\
ol 1 U
. . = H
L/ \_/ N\

Fig. 3.39 Main Power Supply Circuit Breaker (OFF)

2 « Switch the circuit breaker OFF in the on-site power supply service panel.
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‘ 4 X-ray Control Area

4.1 X-ray control area

The X-ray control area is used to switch X-ray emissions ON/OFF, age the X-ray generator, and
specify X-ray output settings.

1 3 | 4 MJ L? 13l 9]0 ”
\ ) \ ) v fuum O
[ | In"c’erlock” @
"""""""""" W Power Limit J
&« ‘ 4 ‘ > H » W Dverheat _J
________ ./':omm.\Error R 16

5

Fig. 41 X-ray Control Area

No. Item Description

Switches X-ray emissions ON/OFF.
This button changes color depending on instrument
conditions, as indicated below.

X-ray Emission is ON
1 [X-RAY] Button X-ray Status is "Pre-WARNING" Yellow

X-ray Emission is OFF

Interlock Circuit Closed
Interlock Circuit Open Gray
Displays the [Automatic Aging] window.

This button changes color depending on instrument
conditions, as indicated below.

2 | [Aging] Button Aging is ON
Aging is OFF
Interlock Circuit Closed
Interlock Circuit Open Gray
Displays the voltage monitor value during X-ray emission.
3 Voltage Monitor Value The software confirms the last time aging was finished for
Display the voltage setting value and, if more than 24 hours have

elapsed, displays the value in red.

Indicates the voltage setting. Due to wattage limits, voltage
4 | Voltage Setting Display and current settings are restricted to values whose product
is 135 watts or less.

Changes the voltage setting. Clicking the double-arrow
buttons changes the setting by 10-kV increments. The
single-arrow buttons change the setting by 1-kV
increments.

6 | Current Monitor Value Displays the current monitor value during X-ray emission.

5 | Voltage Setting Buttons
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X-ray Control Area

No.

ltem

Description

Display

The software confirms the last time aging was finished for
the voltage setting value and, if more than 24 hours have
elapsed, displays the value in red.

Current Setting Value
Display

Indicates the current setting. Due to wattage limits, voltage
and current settings are restricted to values whose product
is 135 watts or less.

Current Setting Buttons

Changes the current setting. Clicking the arrow buttons
changes the setting by 10-pA increments.

[Interlock] Indicator

Indicates the status of the interlock circuit.
The indicator changes color depending on instrument

conditions, as indicated below.

10

[Power Limit] Indicator

Interlock Circuit Closed
Interlock Circuit Open

Indicates electrical discharge inside X-ray tube and other
power limit generation status.

The indicator changes color depending on the status of the
X-ray generator, as indicated below.

* Even if this indicator turns ON, it is not a breakdown.

When power limit is reached

11

[Overheat] Indicator

Indicates if overheating has occurred.

An overheat signal is detected whenever the amount of
water circulating through the cooling water unit falls below
a specified value or the temperature inside the X-ray tube
exceeds a specified value.

The indicator changes color depending on the status of the
X-ray generator, as indicated below.

Overheated

Overhe ﬁ

12

[Comm. Error] Indicator

Indicates if a communication error has occurred.
The indicator changes color depending on the status of the
X-ray generator, as indicated below.

Normal

Communication Error

13

[Vacuum] Value Display

Indicates the vacuum gauge output of the X-ray tube.
X-Ray can be emitted when the degree of vacuum reaches
or falls below 40.

14

X-ray generator Information
Button

Displays the [X-ray Generator Information] window.
Except for the user's system manager, do not click this
icon.

15

Elapsed Time Display
Button

Displays the [X-ray Maintenance Schedule] window.

16

Screen Capture Button

Captures screenshots of the CT software inspeXio64
[Main] and [MPR] windows. It transfers captured images to
optional Image-Pro Analyzer software, if installed.

50
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4.2 [X-RAY] Button

X-ray Control Area

As shown in Fig. 4.1 above, clicking the [X-RAY] button generates X-rays based on the voltage and
current settings specified using buttons in (5) and (8) of the X-ray control area.

If the interlock circuit is not complete, such as if sliding door is open, the [X-RAY] button appears gray
and no X-rays are emitted even if the [X-RAY] button is clicked. The [X-RAY] button is gray in the

following cases.

« The [OPERATE] key switch on the operation box is set to [OFF].

e The [EMERGENCY STOP] button on the operation box is depressed.

¢ The key switch on the front panel of the X-ray control box (MTT controller) is set to [OFF].
» The sliding door and maintenance door on the shield box are not completely closed.

« The interlock confirmation indicator is illuminated.

d” NOTE

Voltage and Current Monitor Values

The voltage and current values shown in the monitor displays may differ slightly from the their
respective setting values, but this is normal.

({I’ NOTE

setting, as shown below.

Due to wattage limits, voltage and current settings are restricted to values whose product is 135
watts or less. Therefore, the maximum settable current setting varies depending on each voltage

Wattage Limits

A

1000
" VAR
800 \\
700 ~

Max Settable ~—
600 Current Setting —~
500
400
300
200
100
0
0 50 100 150 200
kv
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X-ray Control Area

% note
About Cooling Water
Clicking [X-RAY] button and X-ray is irradiated or during warming up, the cooling water runs into
the X-ray tube.
And, after stopping X-ray and warming up is suspended/completed, the circulating of cooling
water continued for 10 minutes.

@ note
How to Restore System After Overheating

If an overheat signal is detected and X-ray emission is forced to shut off, wait for 30 minutes. If
the overheat signal is still detected when resuming X-ray emissions after 30 minutes, then
consult your system manager.
Have the system manager verify that the ambient temperature is between 15 and 30°C and the
filter inside the cooling water tank is not clogged before contacting a Shimadzu service
representative.

lll NOTE
Pre-WARNING Time

The time it takes until X-rays are generated after clicking the [X-RAY] button is referred to as
"Pre-WARNING" time. During that time the [X-RAY] button will appear yellow. This
Pre-WARNING time is factory-set to 1 second before shipping.

1’} NOTE
TMP Stopping

If the TMP is stopped running during running, the diaphragm pump is stopped at the same time,
the X-ray tube is open to the atmosphere.

In addition, if the TMP does not rotate normally despite 5 minutes after starting vacuuming, the
TMP and the diaphragm pump will be stopped to avoid the breakdown of X-ray tube. In this case,
the frontal panel of the X-ray controller is maintained “ON (green)” . So, firstly, push the [OFF]

(orange) button, then push [ON] (green) button to restore this system.
If it is not restored, contact us.
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X-ray Control Area

4.3 [Screen Capture] Button

As shown in Fig. 4.1 above, clicking the [Screen Capture] button (16) of the X-ray control area saves
a file of captured CT software inspeXio64 [Main] and [MPR] window images.

l// NOTE
Naming Rules for Screen-Captured Files
¢ Captured Images of inspeXio64 [Main] Window:
Save to Folder: “D:\inspeXio\screenshot”
Saved File Name: YYYYMMDDHHMMSS.jpg
(where "YYYY" indicates year, "MM" month, "DD" day, "HH" hours, "MM" minutes, and "SS"

seconds)
¢ Captured Images of [MPR] Window:
Save to Folder: [MPR] data load folder.
Saved File Name: %%% %.jpg (numbered in series)
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L 5 CT Operations

5.1 Overview of CT Scanning Process

5.2 Setting the CT Scan Area (FOV)

(1

Place the sample on the CT stage and
decide the CT scan region.

5.3 Setting X-ray Parameters

(4

Determine the optimal X-ray tube voltage
and current.

5.4 CT Scanning Parameter Settings

(1

Specify whether to spend a longer time CT
scanning to prioritize image quality or to
spend a shorter time CT scanning to
prioritize speed.

5.5 [Save] Settings Area

(—

Specify the folder for saving CT data.

5.6 CT Scanning

-

Press the [START] button to start the CT
scan.

5.7 Displaying CT Images ([MPR] Window)

Display the CT scan results.

inpeXio SMX-225CT FPD HR Basic Operations Instruction Manual

55



5.2 Setting the CT Scan Area (FOV)
5.2.1 Placing Samples on the Stage

Place the sample on the CT stage according to the following procedure.

1 « Of the four sample setting jigs provided, select the one best suited to the sample.

Sample Setting  Sample Setting Sample Setting Sample Setting
Jig (small) Jig(medium) Jig(large) Jig(extra-large)

Fig. 51 Types of Sample Setting Jigs

2. Securely attach the sample using the provided oil clay, double-sided tape, or other means, to
prevent the sample from moving when the CT stage is rotated.

Oil clay and double-sided tape are provided as accessories for the X-ray generator.

Sample
(Capacitor)
C_:_ J Oil Clay

=N

Fig. 5.2 Example of Securing Sample With Oil Clay

[

Sample
(Capacitor)

7 N___

Double-Sided
’ Tape

—

Fig. 5.3 Example of Securing Sample With Double-Sided Tape
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@ note

Scan Area

) | il clay

Securing Samples With Oil Clay

When securing samples with clay, make sure none of the clay obscures the target area for CT
scanning. If samples with relatively low density are scanned with clay obscuring the area to be
scanned, it will result in reduced CT image quality.

Sample
(Capacitor)

N\

/

X

AN

Scan Area

Sample
(Capacitor)

- J Oil Clay

3. Insert the sample setting jig into the hole in the center of the stage.

Fig. 5.4

Inserting the Sample Setting Jig
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Insert the jig gently, while making sure of the following.

e The positioning pins on top of the CT stage align with the corresponding holes in the sample
setting jig.
e The sample setting jig type identifier pin aligns with the corresponding hole on the CT stage.

e The tip of the plungers from each rotation stopper block is in contact with the groove on the
side of the sample setting jig.

% Sample Setting Jig
- Type ldentifier Pin

Groove

~

Rotation
Stopper

Block
@&

Plungers

Fig. 5.5 Inserting the Sample Setting Jig

¥ CAUTION

® Damaging the Sample Setting Jig Type Identifier Pin

Sample setting jig type identifier pins are used to determine collision criteria
parameters for CT stage software limits.

Do NOT use a jig if the type identifier pin has been damaged. The CT stage software
limits will not function properly without it.

Prohibitions

58
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lll NOTE
Using the Sample Setting Jig (Extra-Large)

The sample setting jig (extra-large) is placed on top of the CT stage and fastened with a
knurled screw.

Sample Setting Jig (

Knurled Screw

If the sample is unstable, use the provided hook and loop fastener to secure the sample
to the edge of the sample setting jig.

Hook and Loop Fastener
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d” NOTE
How To Adjust the Rotation Stopper Blocks

The rotation stopper blocks are devices that secure the sides of the sample setting jig to keep it
from moving on the CT stage during CT scans. Contact between the ball plungers on the rotation
stopper blocks and the sample setting jig is preadjusted at the factory before shipping, but can
be readjusted as follows.

1. Loosen the plunger set screws on the rotation stopper blocks by turning them
counterclockwise.

Set Screw Set Screw

2. Loosen the plungers on the rotation stopper blocks by turning them counterclockwise.

Plunger

Plunger

3. Align the tips of the rotation stopper block plungers with the grooves on the sides of the
sample setting jig and place the jig on the CT stage.

Groove

IS

4

Rotation Stopper
Block

4. Turn the plungers on the rotation stopper blocks clockwise until the plungers contact the
grooves on the sides of the sample setting jig.

5. Tighten the plunger set screws on the rotation stopper blocks by turning them clockwise.
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5.2.2 Displaying Live Images

To display a live image, gently close the sliding door, click the [X-RAY] button in the X-ray control
area. This irradiates the sample with X-rays and displays a real-time X-ray fluoroscopic image in the
live image display area.

The image quality of the live image can be adjusted in the live image quality settings area, located in
the lower left part of the CT software inspeXio64 [Main] window. Clicking [AW] (Auto Window)
measures the brightness of the entire window in real time, then automatically adjusts the brightness
level and display range settings appropriately.

Image
. Level :
L.
'Q' 8260
all Range :

Average: 4= 7662

Fig. 5.6 Live Image Quality Settings Area

The image quality of the live image can be improved using average count.
Increasing the average count improves the image quality.

Average Count =1 Average Count=8

Fig. 5.7 Examples of Live Images ([Average Count])
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5.2.3 Exposure Time Setting Area

This is used to set the exposure time for the Flat panel detector.
Exposure Time

@ g ® L

Fig. 5.8 [Exposure Time] Settings Area

The [Exposure Time] setting configures the exposure time at the Flat panel detector when single
frame live images are acquired.

The setting can be configured to two levels: [S] and [L]. A short exposure time shortens the time
during which fluoroscopic image data accumulates at the Flat panel detector. Accordingly, both the
brightness value and the oscillograph will be lowered.

If the exposure time is lengthened, more fluoroscopic image data can accumulate at the Flat panel
detector, which means that the brightness and the oscillograph will be raised, and a high contrast
image will be obtained. However, the single frame acquisition time will be lengthened.

The relationship between the exposure time and the oscillograph under the same X-ray conditions is
as follows.

Other Setongs
7 X2 spEED i
T A

- Exposure Tme —
S M L

"&m Lo & Nl 2| average: 23
fage: [ 5535 1] il . SRR

(a) Live image and oscillograph with the [S] exposure time

g

e
ag ~Exposure Time — - Other Settigs
W EZOE| 2 g [ 23
Range: 2840 4| 2| Fiter: None =]

s M oL ¥ X2 SPEED
L
2 show Info. S, /i

(b) Live image and oscillograph with the [L] exposure time

Fig. 5.9 Typical Live Image Displays (Exposure Time Settings)
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5.2.4 Setting the Acquisition Mode

Specify the Flat panel detector acquisition mode as follows.

Acquisition Mode
) Fine 1@ Fast

Fig. 5.10 Acquisition Mode Settings Area

The [Acquisition Mode] settings area specifies the input resolution and frame rate for the Flat
panel detector.

Two levels are available, either [Fine] or [Fast], where the [Fine] mode results in 3000 * 3000
pixel resolution, but at a slower frame rate, whereas the [Fast] mode results in only 1000 * 1000
pixel resolution, but at a faster frame rate. In combination, the [Acquisition Mode] and [Exposure
Time] settings result in the following frame rates.

Frame Rate Setting Acquisition Mode
Value Fine Fast
Exposure | Short 4.0 fps 18.0 fps
Time Long 1.0 fps 4.5 fps

Setting [Acquisition Mode] to [Fine] improves the Flat panel detector input resolution, which
provides more detailed images, but takes longer to acquire each frame.

(a)Fluorascopic Imagewith [Acquisition Mode] Setto[Fine]  (b) Fluoroscopic Imagewith [Acquisition Mode] Setto [Fasf]
Fig. 5.11 Enlarged View of Fluoroscopic Image ([Acquisition Mode] Settings)
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5.2.5 Displaying the [Information] Sub-Window

Select the [Show Information] checkbox to display the [Information] sub-window.

Infornation
Displaw

Fig. 512 Other Settings Area

Inch Size

Inch Size H .0i FOV (XY)
FOV (XY) H a FOV (Z)
Voxel Size Voxel Size
LINE SIZE : LINE SIZE
Sample Size : 1 Sample Size
Soft Limit H Soft Limit
(a) Scan Mode 1 = 2DCT (b) Scan Mode 2 = CBCT
Fig. 5.13 [Information] Sub-window
Item Description
SID Distance from X-ray focal point (source) to front of Flat panel detector
SOD Distance from X-ray focal point to rotation center of CT stage
CT-Z Height of CT stage on CT-Z axis
CT-Theta Angle of CT stage on CT-Theta axis
X Position of CT stage on X axis
Y Position of CT stage on Y axis
INCH SIZE Size of selected Flat panel detector in inches
FOV (XY) Size of CT scan region on X and Y axes

FOV (2) Si;e of CT scan region on C'_I'-Z axis .

This only appears if [CBCT] is selected in Scan Mode 1.
VOXEL SIZE Dimension of one voxel in CT image.
LINE SIZE Dimension of one line in fluoroscopic image.

Diameter of sample or sample setting jig, color coded according to status of
settings in CT software inspeXio64, as describe below

Black if sample diameter is specified for [FOV]
setting

I35 See 5.2.8 Determining the CT Scan Region Black Background
SAMPLE
SIZE (FQV) . . .
Yellow if automatically obtained from diameter of
small sample setting jig, medium sample setting Yellow Background
jig, or rotation center calibration phantom
Red if using the large sample setting jig or no
sample setting jig
Indicates status of software limits ON/OFF setting, color coded according to
status of settings in CT software inspeXio64, as describe below.
SOFT LIMIT 5" For more information about soft limit settings, refer to the Advanced

Operations Instruction Manual
Black when software limit setting is ON Black Background
Red when software limit setting is OFF
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5.2.6 Moving the CT Stage

CT Operations

There are two ways to move the CT stage. One is to click on the live image and the other is to use the

operation box.
5.2.6.1 Moving the CT Stage on the Live Image

The live image is divided into 8 regions, where whenever the mouse cursor is moved into a region the
cursor automatically changes from an arrow to the cursor corresponding to that region. For example,
moving the mouse cursor into the [ZOOM IN] region changes the cursor from & (standard arrow

pointer) to ®& (magnifier pointer).

On the live image, move the cursor into the region corresponding to the desired direction of the
desired axis for stage movement, then click the left mouse button. The CT stage will move in that
direction as long as the button is held down. To stop the movement, simply release the left mouse
button. In all regions, movement is slower the closer the pointer is to the center of the live image and

faster the farther away it is from the center.

Zoom In

(N
\‘ (:1
~

NN SOD Axis

Rotate

Cou nter-
clockwise

€

CT-Theta Axis

Move Left N e Move Right
G e =>
Right and PN Right and
Left Axis 7 AN Left Axis

Zoom Out

Q

SOD Axis

Rotate
Clockwise

=N
}C U

CT-Theta Axis

Fig. 514 Moving the Mouse on the Live Image [Acquired by the FPD]
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PETS @ Cursor Direction of Movement Live Image
Movement
@ CT stage moves toward X-ray s
tube ample appears larger
SOD Axis
CT stage moves toward Flat panel
Sample appears smaller
detector
= CT stage rotates
(o
CT-Theta &{3 counterclockwise Sample rotates
. —
Axis CO CT stage rotates clockwise Sample rotates
Q CT stage moves upward Sample moves upward
CT-Z Axis
% CT stage moves downward Sample moves downward
Right and <:— CT stage moves left Sample moves to the left
Left Axis CD' CT stage moves right Sample moves to the right
¥ CAUTION

Damage to Samples or X-ray System
When viewing the live image to move the CT stage, keep confirming the SOD value in
i the live image display area’s [Information] sub-window, or the exterior camera image
Instructions {5 make sure the sample or sample setting jig does not collide with the X-ray tube.

d” NOTE
Low Speed Movement
To move the CT stage slowly, click near the center of the corresponding live image region.

Click farther away
from center of live

N image for faster
N 7~ movement.
=~ _QN
N ’
(N ’

1
1
|
1
LN
i : N : Click closer to center
: : R I of live image for
U4 \ |
: : ,, \\ i slower movement.
1
I A A 1
1 U4 N 1
1 U4 \ 1
i / \ |
1L o o o o e e e e e e N
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ﬂ’/ NOTE

Changing the Number of Live Image Regions
Live images are normally divided into 8 operation regions, but the number of regions can be changed

from 8 to 4 as long as the [Ctrl] or [Shift] key is held down.
1. Pressing the [Ctrl]] Key

______________________________________ s
r\‘ //:
1 X Move Up ym
1 N, /, :
1 S 4 1
1 AN ’
! N - i
: CTZ :
i X Axis 4 I
i R ot I
N\ .
1| Move Left X .~ | Move Right
S 4 )
i <_ \\ /’ r—'>
J y =
i| Rightand ,’\ Rightand
i|  LeftAxis & D\ Left Axis
: % X
1 ’ N H
! ,/ Move Down N H
N, 1
: ¥ !
: /, \\ 1
| g CT-Z Axis N
1 /’ N, 1
! %4 N
A Y,

The live image is divided into 4 regions, to allow using the entire live image for movement on the

CT-Z, left and right(X and Y) axes.

2. Pressing the [Shift] Key

R - e A ]
AN ZOOM IN A
N !
. ’ 1
i % SOD Axis S 1
! N v :
: s % !
1
!l Rotate s, 4 _Rotate i
1| Counter- | ">\ ,~7| Clockwise |}
1| clockwise N 4 !
: —~ \\\ ot E)\ ) :
) ’ 1
: tg ‘> ,>\\ < - 1
: . /', N :
/. N 1
i| CT-Theta | .2 | CT-Theta
1 . J Axis 1
! —Aeqs—/ 1
A S B
’ N 1
i e ZOOM'OUT RN |
1 4 N H
1 ’ N, 1
: I, ‘\ 1
4
: 74 SOD Axis \\\ :
I — — 2 N

The live image is divided into 4 regions, to allow using the entire live image for movement on the

CT-Theta and SOD axes.
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5.2.6.2 Moving the CT Stage Using the Operation Box

The CT stage can be moved using the joystick on the lower right area of the operation box, similar to
the mouse control of the live image regions. Moving the joystick moves the CT stage in the direction
of the corresponding axis until it is released. Releasing the joystick stops the stage movement.
Pushing the joystick in a perpendicular direction switches between regular and double-speed modes.
The [X2 SPEED] lamp illuminates on the operation box when in the double-speed mode.

Fig. 5.15 Joystick Buttons (Operation Box)

5T @ Symbol Direction of Movement Live Image
Movement
i tCl)J'It; :tage moves toward X-ray Sample appears larger
SOD Axis
CT stage moves toward Flat panel
— Sample appears smaller
detector
C;' CT stage rotates counterclockwise | Sample rotates
CT-Theta
Axis .
. CT stage rotates clockwise Sample rotates
A CT stage moves upward Sample moves upward
CT-Z Axis
¥ CT stage moves downward Sample moves downward
i = CT stage moves away from Sample moves to the left
Right and operator
Left Axis
= CT stage moves toward operator | Sample moves to the right
Pushing the joystick buttons down in the perpendicular direction
X2 illuminates the [X2 SPEED] lamp. Pushing it again switches the LED
All Axes OFF. While the [X2 SPEED] lamp is illuminated, movement speed is
SPEED ; : ;
approximately doubled for each axis. However, in case double the speed
exceeds the maximal speed, each axis moves at the maximal speed.
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L{I/ NOTE
Connection Between CT Stage Movement Speed and Magnification

Whether moving the stage by clicking on the live image or using the operation box, CT stage movement
speed depends on the magnification rate, for all axes except CT-Theta. Movement is faster for lower
magnification rates and slower for high magnification rates, so that the movement speed appears
approximately constant on the live image.

¥ CAUTION

Do not Operate the Mouse during the Joystick Operation
Unexpected stage movement may occur.

Press the [EMERGENCY STOP] button immediately when unexpected stage

Prohibitions 1, \.ement occurs.

B sHIMADZU

5.2.7 Changing the SID

Magnification can be increased or decreased by changing the SID setting. Increasing the SID setting
increases the magnification rate. The CT image S/N ratio can be improved by decreasing the SID
setting.

Press the [ﬂ (left arrow) or D (right arrow) button to switch between any of the two SID modes
(800 or 1200 mm). Pressing either button causes the LED for the SID mode currently selected to
illuminate.

DETECTOR POSITION

Fig. 5.16 SID Mode Buttons (Operation Box)
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g’ NOTE
SID and X-ray Parameters

If the SID is changed, X-ray parameters are automatically set to produce a live image line profile of 60%
to 70%, for any position.

I3¥" For line profile (oscilloscope display), refer to 2.2 Live Image Display Area in the Advanced
Operations Instruction Manual.
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5.2.8 Determining the CT Scan Region (FOV)

Determine the CT scan region according to the procedure below.

1 « Click the j (FOV) button in the [Scan Settings] area, which displays a message that instructs
placing the sample.

inspeXio @

! . Setthe sample, and select [QK].

Fig. 5.17 Instruction to Place Sample

2. Place the sample on the stage and click [OK]. This displays a message confirming whether or not
to initialize the stage position.

Clicking [Yes] moves the stage to the default position and displays the FOV Setting Wizard
window (page 1 of 3).
Click [No] to not move the stage to the default position.

inspeXio @

':9] Move to initial position. Are you sure?

[ Yes ] | No | | Cancel |

Fig. 5.18 Message Confirming Whether to Initialize Stage Position

¥ CAUTION

Default Position
The stage moves to specified SID-axis and SOD-axis positions to prevent the sample
from hitting the tube or FPD.
Instructions  Ajways click [Yes] to initialize the position unless the sample shape is known and
safety is well established.
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173 FOV Setting Wizsrd E
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X -ray ) e
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Sample Diameter
Center line
R~ syron b =
«I-r -------- - S0 (ot nch
1
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1 — 1
1
1<+ > :
1 : 1
1 v 1
1 24 1
e 3
===
(] e : —
1

Fig. 5.19 FOV Setting Wizard Window (Page 1 of 3)

3. Click the arrow buttons on the right side of the [FOV Setting Wizard] window (page 1 of 3) to move
the CT scan region to the center of the exterior image.

4. Specify the sample diameter by dragging the light blue circle that appears on the exterior image
displayed on the left side of the [FOV Setting Wizard] window (page 1 of 3).

5. Click the double right arrow button at the bottom of the [FOV Setting Wizard] window (page 1 of 3)
to move to the [FOV Setting Wizard] window (page 2 of 3).

¥ CAUTION

Setting the Sample Diameter
The sample diameter specified here is used as an impact criteria parameter for
i software limits. To prevent any unexpected collisions, always specify a sample
Instructions  giameter that is slightly larger than the actual sample.

For samples with protrusions, specify a diameter that encompasses any protrusions.
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213 FOV Setting Wizard

Deteming the FOV (XY) range. Legend

1) Set the SID, size I nches, and scan mode to
detarmine the mnmum and maximum FOV.

Min FOV
Max FOV
Center line

sD: (800

SanMode:  [Momal |

Mn FOV: 40527 mm Sample Dameter = 1309 mm
3 = SO -
Max FOV: 252731 mm

Maximum FOV

X

-

e (o ! =
1 1 L
-

Fig. 5.20 FOV Setting Wizard Window (Page 2 of 3)

6. Select [SID] and [Scan Mode] (normal or offset) settings on the right side of the FOV Setting
Wizard window (page 2 of 3). Two blue circles are then displayed according to those settings, one
indicating the minimum FOV (CT scan region) and the other the maximum FOV (CT scan region).

==~ For more about normal and offset scan modes, see 9.3 Normal and Offset Scanning.

7. Click the double right arrow button at the bottom of the [FOV Setting Wizard] window (page 2 of 3)
to move to the [FOV Setting Wizard] window (page 3 of 3).

ﬂ” NOTE

Selecting [SID] Settings

The larger the [SID] setting, the higher the voltage setting can be. Therefore, to obtain a CT scan of
samples that are difficult to penetrate, such as iron, set [SID] as large as possible.
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' 372 FOV Setting Wazard

Em osl oG ;
W Power Lmit |—|
o) bl = 2

Determining the FOV (XY) range. Lagerl

1) Drag the green cick on-screen to determine
FOV (XY).

ok m £y (i) cla e - mrwh re between
and maximum

T OFOVI(XY)
Min FOV
S MACEOV
FOX (X1) : 146629 TUTTTTTT Centerline
Min FOV: 40527
Max FOV: 252731 mm
Sorol Dameter - 1309 mm
800 mm

B e (inches) = 16.0 inch
Scan Mode = Normal Scan

I 1
<< ‘ Fnsh Cancel

Fig. 5.21 FOV Setting Wizard Window (Page 3 of 3)

8. Specify the FOV (XY) setting by dragging the green circle that appears on the exterior image
displayed on the left side of the [FOV Setting Wizard] window (page 3 of 3). The FOV (XY can be
set anywhere between the minimum and maximum FOV (XY) values determined on [FOV Setting

Wizard] window (page 2 of 3).

9. Clicking the [Finish] button displays the [Moving to scan position...] window, where the SOD is
calculated and each axis moves according to [SID] and [Scan Mode] (normal or offset scan)
settings specified in the [FOV Setting Wizard] window (page 2 of 3), and FOV setting specified in
the [FOV Setting Wizard] window (page 3 of 3).

Moving to scan position......

Moving to scan position......

Cancel

Fig. 5.22 [Moving to scan position...] Window
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1 0 After CT stage moved at the scanning position, FOV Set up completion message will be
displayed. Click [OK] button.

inspeXio IEI

/ l\ FOV setup is finished.

Fig. 5.23 FOV Setup Completion Message

1 1 « Move the CT stage on the Z-axis to move the CT scan region into the field of view.

1 2 In the CBCT scan mode, specify the CT scan region (FOV (2)) in the CT-Z axis direction by
dragging the acquisition lines on the live image (green solid lines). Since there is a slight
difference between the acquisition region lines and the CT scan region, the CT scan region is
shown with a green dotted line.

L W |
Acquisition Region Line (upper)

Acquisition Region Line (lower

Fig. 5.24 Setting the CT Scan Region in Direction of CT-Z Axis

d” NOTE

FOV Setting Values

FOV settings specified in the [FOV Setting Wizard] window involve an error factor. They may result
in smaller or larger values than specified.
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5.3 Setting X-ray Parameters

The CT software inspeXio64 automatically sets the optimal X-ray parameters (voltage and current)
according to the sample being scanned.

5” NOTE
Setting X-ray Parameters

The X-ray parameter setup function cannot be used if [Scan Angle] is set to 60 Deg., 90 Deg., or 120
Deg. in the [Scan Mode] group box on the [CT] tab page.

Scan Mode

Mode 1 CECT -
vode 2:
Full Scan hd

Full Scan
60 Deg. Scan
Scan Parameters  gQ Deg. Scan
120 Deg. Scan
Half Scan

Scan Angle:

MNurnber of Wiews:

I3 For CT tab, refer to 2.9.1 [CT] Tab in the Advanced Operations Instruction Manual.
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Optimize CT X-ray parameters for CT scanning according to the procedure below.

1 « Click the [X-RAY] button in the X-ray control area.

CT Operations

2. Click the F‘ (Xray Set) button in the [Scan Settings] area. When the following CT scan
confirmation message appears, confirm that the region to be scanned appears in the Live Image

Display, then click [OK].

inspeXio

' [OK].

X3

Check that the sample is projected in the live image display, and select

Fig. 5.25 CT Scan Confirmation Message

3. The [Obtaining X-Ray Parameters] window appears and the optimal X-ray parameters are set by
measuring the X-ray transmittance at each scan angle. After rotating 180 or 360 degrees, the
stage rotates to positions that need to be readjusted to set parameters.

Obtaining X-Ray Parameters

Do MOT perform operations until this window closes.

=X

-.
Fig. 5.26 [Obtaining X-Ray Parameters] Window
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5.4 CT Scanning Parameter Settings

The following describes how to specify CT scanning parameters using the [Recommend] tab page.

& Recommend [ & T [ 0R[E R

i CTsansettng 3
Scan Mode :CBCT !
Scan Count i1
Image Size(pixel) :1024x1024 5
Number of View  :1200
Average Count 2
Multi Rotation Cnt. :None :
Slice Pitch(mm) :0.112 1
[ L -

Fig. 5.27 Example of Settings Displayed on the [Recommend] Tab Page

No. Name Description
1 IAnrf:;matlon Display Displays the sample material, voxel size, and total scan time.
, Image Quality Display Dlspla_ys an example of t_he output image based on the selected CT
Area scanning param_eter §ett|ngs. ' .
It displays variations in contrast and spatial resolution.
3 [Material] Setting Area Selects the sample material.
Selects the desired parameter setting using the nine CT image quality
CT Scannin setting buttons.
4 Parameter Sgettin s The image quality varies depending on the position of the CT image
Area 9 quality setting button selected. The farther to the right the button is,
the higher the resolution. The farther upward the button is, the higher
the contrastin CT images.
Displays the CT scan parameter settings corresponding to the
CT Scanning specified material and CT image quality settings.
5 Parameter Settings ="  For center adjustment function, refer to 2.9 Scanning Parameter
Settings Areas in the Advanced Operations Instruction Manual.
6 ggtr:it;agl Pos. Adj. Specifies whether or not to use the center adjustment function.
I For more details about the settings specified on the [Recommend] tab page, refer to the

Advanced Operations Instruction Manual.
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Specify CT scanning parameter settings according to the following procedure.

1 . Select tge [Material] setting that most closely resembles the material used in the sample being

scanned.

Material : [Resln .,]

Fig. 5.28 [Material] Setting Area

2_ Select CT scanning parameter settings.
The farther to the right the CT scan parameter setting button is, the higher the resolution. The
farther upward the button is, the higher the contrast in CT images. To obtain a trial image, such as
for positioning purposes, select the lower left CT parameter setting button.

AN

e 4|\
Je 4NN

Higher Contrast
33
A A

Higher Resolution

Fig. 5.29 CT Scanning Parameter Settings Area

lll NOTE

Higher resolution and/or contrast settings result in longer acquisition times. If a CT parameter setting
button in the right column is selected, reconstruction can sometimes require several tens of minutes.

CT Scanning Parameter Settings
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5.5 [Save] Settings Area

The [Save] settings area is used to specify the folder for saving CT images.

Save
Folder : F:\20151209

Series Mame :  work_C_cb

HDD Sie :  1935.6GB / 3725.4GB T save Setting
Data Size : 21.5GB jl 3 6

Fig. 5.30 [Save] Settings Area

=

2 CBCT Image CD%

<

The series name is used to automatically generate folders for saving CT imaging. Each time a CT scan

No. Settings Description
1 Folder Indicates the destination folder for saving CT images, which
was specified in the [Select Folder] window.
Displays the series name specified in the [Select Folder]
2 Series Name window. The series name is used to automatically generate
folders for saving CT imaging.
3 HDD Size Displays the ampunt of frge space on the hard drive versus
the total hard drive capacity.
4 Data Size Displays the amount of data being saved.
Specifies whether or not to automatically transfer images to
transferred network drive.
5 CBCT Image Copy It can’t be selected in case of 2DCT scan, CR scan, data
accumulation and not to select transfer folder.
6 [Save Setting] Button Dlsplays the [Select Folder] window for changing folder
settings.
!/ NOTE

Series Names

is performed, the CT images are saved in a folder named in the following manner, which are
automatically created in the folder specified for saving CT images.

\\series name_cb(ct)_000
\\series name_cb(ct)_001
\\series name_cb(ct)_002
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5.5.1 [Select Folder] Window

Specify folders for saving CT images according to the following procedure.

1 « Click the [Save Settng] button in the [Save] settings area to open the [Select Folder] window

below.
Select Folder @
& F1) v]
2 -
E-32 F\
, 20150908
;20151130
----- ;20151201
, 20151202
, 20151203
, 20151204
e L) System Volume Information
3
Create New Folder ]
4 Series Mame
work_A
5 6
:L
Fig. 5.31 [Select Folder] Window
No. Settings Description
Specifies the destination drive for saving data.
1 Drive for Savina Data Normally, selects the F: drive or G: drive.
9 The system drive (C: drive) and D: drive cannot be
selected.
° Destination Folder Used to select the destination folder for saving CT
Selection Area images.
3 [Create New Folder] Displays the [Create New Folder] window.
Button
4 [Series Name] Box Used to enter the series name.
5 [OK] Button Closes the [Select Folder] window and applies the setting.
6 [Cancel] Button Vl?l:rs]cé?)::ljs setting changes and closes the [Select Folder]
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2 « Specify the destination drive for saving data.

3 « Select the destination folder for saving data.
To create a new folder, select the folder one level above where the new folder is to be created,
then click [New Folder], which displays the [Create New Folder] window. Enter the folder name
and click [OK].

Folder names may be up to 64 characters long.

Create Mew Folder @

MNew Folder Name:

20151204}

[ QK | [ cancel |

Fig. 5.32 [Create New Folder] Window

4. Enter the series name.

5. Click [OK] to close the [Select Folder] window and apply the setting.
The information entered in the [Select Folder] window now appears as the [Folder] and [Series
Name] in the [Save] settings area.
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5.6 CT Scanning

1 = Select CT scan condition on the [Recommend] tab.

2. Press the [START] button on the operation box to start the CT scan. (In this case [CBCT Scan]
selected window is not appear.) Or click the [START ] button on the [Recommend] tab page to
display the [CBCT Scan] window.

Fig. 5.33 [START] Button on [CT] Tab and Operation Box

CBCT Scan 3]

Start CBCT scan.

Set the sample,

check the X-Ray parameters, and select [Start].
After CBCT scan has started, Do NOT perform
operations until CT Scan Finish.

[ oK ] | Cancel |

Fig. 5.34 [CBCT Scan] Selection Window

@ note
Post-reconstruction Processing

Acquired data can be saved directly to the hard drive for CT processing later by selecting [Only

Acquisition] and clicking [OK], without selecting [START] in the [CBCT Scan] window. This data is
called “raw data” and its file type is “.rc0”".

Use this data to reconstruct CT data later. This function is called the "post-reconstruction function”.

[3° For more about the post-reconstruction function, refer to 2.9 Reconstruction Area in the
Advanced Operations Instruction Manual.
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3. In the [CBCT Scan] selection window above, select [Start] or [Only Acquisition], then click [OK].
This displays the [CBCT Scan] selection window below and starts the CT scan.

To abort the scan, click [STOP] in the [CBCT Scan] selection window or press the [STOP] button
on the operation box.

CcT

: / \
| / \
| i \

. 3 /

~ ;’

-

Fig. 5.35 Operation Box [STOP] Buttons

CBCT Scan

Do MOT perform operations until this window closes.

Load Data: 1/1 87 %

Pre-process : 1051 /1200 87 %% — —_I
Reconstruct: main 87 % |E——

i ining: i | Auto Displa
Time Rermgining: 0 min 09 sec [¥] Auto Display @ STOP

Fig. 5.36 [CBCT Scan] Window

4. If the [Auto Display] checkbox is selected in the [CBCT Scan] window, the [MPR] window is
automatically opened and the CT image is displayed after all processing is finished.
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l// NOTE
Oscilloscope Display during CT Scanning

I3 For oscilloscope display, refer to 2.2 Live Image Display Area in the Advanced
Operations Instruction Manual.

Confirm that an oscilloscope display is not 100%, during CT scanning.
CT image become unusual if an oscilloscope display exceeds 100%.

L{I/ NOTE
Do Not Operate Other Software during CT Scans

Do not operate other software, such as Windows Explorer or optional software, during CT scans. In

particular, operating VGStudio places a large demand on the control computer, which can cause
unexpected errors.

L{I/ NOTE
Keep Quiet during CT Scans

Vibration during CT scans can cause CT image quality to deteriorate. Therefore, do not lean on or walk
near the system.
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ﬂlf NOTE

Air Parameters Warning Message
The CT software inspeXio64 creates air calibration tables in advance that results in optimal X-ray
parameters (voltage setting, current setting), and refer them at CT scanning.
This air calibration data is referenced if [SID] / [Scan Mode] / [Metal Filter] / [Exposure Time] settings
are changed when CT scanning.

If there is no corresponding air calibration data for the changed X-ray parameters, the message below
appears when the CT scan is started.

To prevent this message from appearing, reproduce the X-ray parameters shown in the message box
or calibrate the air/offset before CT scanning.

Clicking [OK] in the message box and executing the CT scan can result in ring-shaped noise appearing
in CT images.

If the ring-shaped noise does not disappear after air/offset calibration, then refer to Creating Detector
Correction Data or Editing Detector Correction Data in 6.1 CT Software inspeXio64 [Management]
Window in the Advanced Operations Instruction Manual.

inspeXio @
Air calibration parameters are currently as follows.
Preset ¥-Ray Voltage: 150 kv
Preset X-Ray Current: 140 UA
Metal Filter: OFF

Scanning with current settings may not provide
norrmal images.

Continue anyway?

[ oK ] [ Concel |

Ring-shaped
Noise

=X  For more information about air/offset calibration, refer to 2.13 Instrument Settings Area in the
Advanced Operations Instruction Manual.
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@ note

When using high magnification rates with a FOV less than 10 mm, if blurring is significant in CT images,
use center adjustment function or the following procedure to calibrate the rotation center.

I=F For center adjustment function, refer to 2.9 Scanning Parameter Settings Areas in the Advanced

If Image Has Significant Blurring

Operations Instruction Manual.

1. Open the sliding door and remove the sample setting jig.

2. Place the center axis phantom on the stage and close the sliding door.

3. Click the [Calib.] button in the instrument settings area.

4. When the [Calibration] window appears, click the [Center Calibration] button to display the [Center

Calibration] window.

5. Typical parameter settings are shown in the figure. Confirm the parameter settings and click [OK].

Center Calibration

Data Acquisition

Mo. of Views: | 600

Stage
Acquis. Start Pos.:

234.968 mm

Multiple Center Calibration
Count:

Feed Pitch:

1

150,000 mm

Cancel |

=5

6. Click [OK] to start the center calibration process.

inspeXic

| Set the center phantom, and select [OK].

XS

QK

I

Cancel
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7. When the center axis [Calibration Result] are displayed, click [OK] to save the calibration data.

Calibration Result [

Central Ray Calibration ----> Completed,

1Y

No. Table Pos. || Line: Center (before) || Line: Center (before) || Line
: Center (before)

0 234968 mm || -100: 150042 (150042) || 0: 1500.44 (1500.44) ||
100: 1500.45 (1500 45)

Overwrite Data 7

OK | ’ Cancel

[¥" For more information about center calibration, refer to 2.13 Instrument Settings Area in the
Advanced Operations Instruction Manual.
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5.7 Displaying CT Images ([MPR] Window)

5.7.1 MPR Display

MPR is an acronym for multiplanar reconstruction, which is a technique for expressing data using
three dimensions.

Oblique Image B Double-Oblique Image
Fig. 5.37 Example of MPR Display

When 3-dimensional data, consisting of CT images stacked in the Z-direction, is bisected by two
orthogonal planes (Planes A and B) the resulting cross sections are referred to as "oblique" images.
Furthermore, when Plane A or B is bisected by a Plane C orthogonally to the Plane A or B, the
resulting cross section is referred to as the "double-oblique" image.

In the MPR display mode, the CT image is shown in the upper left frame, the oblique image from
Plane A, which is defined by Oblique Line 1, is shown in the upper right frame, the oblique image from
Plane B, which is defined by Oblique Line 2, is shown in the lower left frame, and the double-oblique
image is shown in the lower right frame.
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5.7.2 Displaying CT Images

There are three kinds of methods used to display CT images, as described below.

1 « Displaying CT Images Automatically After CT Scans
If [Auto Display] checkbox is selected in the [2DCT Scan] or [CBCT Scan] window, the [MPR]
window is automatically opened and the CT image is displayed after all processing is finished.

2. Clicking the [MPR] Button to Load CT Images
Clicking the [MPR] button displays the [Load MPR Data] window. Data is loaded by specifying a
folder in the folder selection pane on the lower left of the window, then clicking [OK].

Load MPR Data (=23l
l‘_" F\ Series Information
- : Image Size:
= F\
+ | 20150908 Total Images: L
#- 1) 20151130
e | 20151201
+- || 20151202 Load preferred slice No.
¥ [ 20151203 ~| onwards

+- || 20151204
= L. Systemn Volume Information
2R ostemtest

0K Cancel

Fig. 5.38 [Load MPR Data] Window

3. Clicking the [Load] button in the [MPR] window to load CT Images
Clicking the [Load] button displays the [Load MPR Data] window. Data is loaded by
specifying a folder in the folder selection pane on the lower left of the window, then clicking
[OK].
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5.7.3 MPR Display Settings

G/\Dat2|20160126\werk_A_cb_000}

a8 {J soft st [ Preview

1 Lovel; [] [ Reconstruct
Image Traremission
-----
LUT ON
(B3 spe ‘ A1 image
Image Output.
‘ W Saresnshot ‘ == Print Rapert

Line Satting

Transparency : 0to N de 1 Scak 2 1 ‘ @) mage wfo, 1
levelRarge e ———— -
Level
| 35022
i 4 1 -0 1 2arge: 8
. Bl | 1094
T T
| o

.‘.\|.}Hj(

5
Fig. 5.39 [MPR] Window J
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No. Settings Description
Displays the CT image. Oblique lines (green perpendicular
lines) are overlaid on the CT image. These lines can be
CT Image ) . . X
1 ) dragged to specify the desired oblique cross section.
Display Area : ) i .
Oblique Line 1:0pen circle
Oblique Line 2: filled circle
Displays the oblique image of the cross section defined by
Oblique Line 1 (open circle). Clicking on the Oblique 1 image
. displays a double-oblique line (green line) overlaid on the
Oblique 1 . . L .
) Oblique 1 image. This line can be dragged to specify the
2 Display Area ) . .
(Upper Right Area) desired double-oblique cross section.
In addition, a CT slice line (light blue line) is also shown
overlaid, which can be dragged to change the slice shown in
the CT image display area.
Displays the oblique image of the cross section defined by
Oblique Line 2 (filled circle). Clicking on the Oblique 2 image
Oblique 2 displays a double-oblique line (green line) overlaid on the
N Oblique 2 image. This line can be dragged to specify the
3 Display Area . .
(Lower Left Area) desired double-oblique. L
In addition, a CT slice line (light blue line) is also shown
overlaid, which can be dragged to change the slice shown in
the CT image display area.
4 Double-Oblique Image | Displays the double-oblique image of the cross section
Display Area defined by the double-oblique line.
5 [AW] (Auto Automatically sets the brightness level and display range for
Window)Button images 1 to 4 currently shown.
6 [Oblique Line] Area lelque lines (gr'e.en pgrpendlcular Ilne.s ov.erlald onCT
image) are specified directly by numerical input.
7 [Double-Oblique Line] The double-oblique lines (green lines overlaid on oblique
Area images) are specified directly by numerical input.
8 [Image Info.] Button leplays image information about the CT image currently
displayed.
. . Selecting this checkbox enables the 3D FOV drive unit
9 [3D FOV Drive Unif (positioning system for CT stage during CT scanning).
10 [Close] Button Closes the [MPR] window.
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Display the 3D MPR display according to the procedure below.

1 « Display the CT image in the upper left frame of the [MPR] window.
Oblique lines (green perpendicular lines) are overlaid on the CT image. These lines can be
dragged to specify the oblique image. If the oblique lines are grabbed near their intersection, they
will translate when dragged. If grabbed on any other part of the lines, the lines will rotate.

Fig. 5.40 Specifying Obliques

2. The Oblique 1 image is displayed in the upper right frame of the [MPR] window. Clicking on the

upper right frame displays a double-oblique line (green line). Drag the line to specify the desired
double-oblique.
Just as with the oblique lines, the double-oblique line translates if grabbed near its center point
and rotates if grabbed on any other part of the line. In addition, a CT slice line (light blue line) is
also shown overlaid, which can be dragged to change the slice shown in the CT image display
area.
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3.

The Oblique 2 image is displayed in the lower left frame of the [MPR] window. Clicking on the
lower left frame displays a double-oblique line (green line). Drag the line to specify the desired
double-oblique.

Just as with the oblique lines, the double-oblique line translates if grabbed near its center point
and rotates if grabbed on any other part of the line. In addition, a CT slice line (light blue line) is
also shown overlaid, which can be dragged to change the slice shown in the CT image display
area.

7
\¥

Fig. 5.41 Specifying Double-Obliques

The double-oblique image is displayed in the lower right frame of the [MPR] window.

Click the [AW] (Auto Window) button to specify the optimal brightness level.

In the [Oblique Line] area, the X-coordinate, Y-coordinate, and angle of rotation for the oblique
lines (green perpendicular lines) are entered directly. The origin of the coordinate system is the
center point of the CT image. In the rotational direction, clockwise is positive.

In the [Double-Oblique Line] area, the X-coordinate, Y-coordinate, and angle of rotation for the
double-oblique line (green line) are entered directly. The origin of the coordinate system is the
center point of the oblique image.

94

inspeXio SMX-225CT FPD HR Basic Operations Instruction Manual



CT Operations

8. Click the [Image Info.] button to display the [Image Information] window. In the [Image Information]

window, confirm the image information about the CT image currently displayed.

e

Image Information

Creation Date
Image Width (pixels)
Irnage Height (pixels)

H-ray Woltage (kW)
H-ray Current (4]
Size (inches)
Metal Filter

SID {mim)

SO0 (rnm)

Z ()

L))

% (i)

CT Mode 1

CT Mode 2

Scan Angle

Murnber of Wiews
Murnber of Averages
murnber of MultiScan
Srmoothing

Slice width (rnrm)
Slice Pitch (rmm)
Scaling Coefficient
BHC Data

Fine Mode

FOw Xy (o)

Fo 2 ()

Wowxel Spacing (mmfvoxel)

Exposure(ms)
RecormmendCT Setting
Arcquisition Mode

Comment

: 2016/01f27
1512
$ 912

v 210
V70
c16.4

: OFF

» B00.000
' B0.000
p 240,122
-0.795

v -0.461

CCBCT

. Mormal Scan
: Full Scan
 B00

i1

: OFF

VYL

c 0079
0,030
0,000

: metal-1
e
40,738
1,273
0,030
»56.000

: Other Parts-1
i Fast

(3]

[ Close

-

Fig. 5.42 [Image Information] Window

9. If the [3D FOV Drive Unit] checkbox is selected, the current CT scan region is indicated by a green

dashed line overlaid in the [MPR] window.
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5.7.4 Automatic CT Scan Positioning Function

The CT scan region for the next and subsequent scans can be specified in more detail in the [MPR]
window, by operating the 3D FOV drive unit.

1 « Selecting the [3D FOV Drive Unit] checkbox displays a green dashed line overlay of the current
CT scan region in the [MPR] window, as shown below, and opens the [3D FOV Drive Unit]
operation window.

Load Data
Folder Gi\Data\20160126\wark_4_cb_000\

Load
‘Totd Imagss in Series: 756

Oblque Lre

X Pos om | mm ¥ Pos: 000 mm Ange: 10 deg
Double Oblous Lne

X Pos: 00| mm ¥ pos: ol mm Angle: 0.0 | deg

Programmed Deuble Cblque
HOD Ste : 17,868 / 3725.4G8
DataSte: —

Ring Reduction
ccccc E } saft Har | Preview
i [ seconsinct

Image Transrission
LT ON

f Selected i 1)
‘ 5 Image B Alimige

Image Cutput

e e

Fig. 543 [MPR] Window When [3D FOV Drive Unit] Checkbox is Selected

2. Click the CT stage movement buttons in the [3D FOV Drive Unit] area to respecify the CT scan
region as the CT scan region is moved.

3. Clicking the CT stage movement buttons displays an overlay of the CT scan region in the [MPR]
window. The CT stage then moves according to that region.

4. Click the [Close] button to close the [MPR] window and specify CT parameters on the [CT] tab
page. Click the [Start] button to start the CT scan.
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o
.3D FOV Drive Unit}

[mm—————————————————

Fig. 5.44 [3D FOV Drive Unit]

No. Settings Description
Used to display a green dashed line overlay of the current
1 3D FOV Drive Unit CT scan region in the [MPR] window and displays the [3D
FOV Drive Unit] group box.
> X2 SPEED Used to switch between constant speed and double speed
modes.
3 X and Y-Axis Moves the CT scan region overlay in X and Y-axis directions
Movement Buttons in the [MPR] window.
Clicking the [+] (plus) button moves the stage in the X or Y
4 [Home] Button direction to align the center of the FOV circle, shown in the
upper left frame (CT image), with the center of the CT image.
5 Z-Axis Movement Moves the CT scan region overlay in the Z-axis direction in
Buttons the [MPR] window.
6 SOD Axis Movement | Enlarges or reduces the CT scan region overlay shown in
Buttons the [MPR] window.
l// NOTE

When the [3D FOV Drive Unit] Checkbox is Selected

If the [3D FOV Drive Unit] checkbox is selected, the oblique lines (green intersecting lines) cannot be
translated, even if they are grabbed near their intersection.

This page is intentionally left blank.
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L 6 Maintenance

6.1 Routine Inspections

Inspect the following items before using the system. If any problems are discovered while inspecting
any of the items, immediately stop operating the system and contact your Shimadzu service

representative.
Inspection Item L
ie, Location Application DeserEien
Confirm that the interlock circuit is functioning
Interlock Circuits properly, as described in3.3 Performing Startup
Inspections.
Lead Glass Visually confirm there are no cracks, breakage, or

other damage.
Visually confirm the entire lamp [RED] is uniformly
iluminated during X-ray emission.

X-ray Shield |[X-RAY] Indicator Lamp

Box - - . -
[READY] Indicator Vls:ually cgnflrm the entire Iamp [GREEN]I s
uniformly illuminated when the interlock circuit is
Lamp .
established.
I . . Visually confirm that the interior lighting switches
Lighting Inside Shield | '\ 1o the [OPERATE] key switch is turned to
Box
[ON].
Vacuum Gauge Output (C))rolreﬂ"slrsm that the vacuum gauge output value is 10
. Confirm that aging is properly completed up to the
Aging A
currently specified tube voltage.
KV/uA Monitor Values C_onﬂrm that kV{pA monitor v_alu_es do not fluctuate
significantly during X-ray emission.
> X-ray X-ray Emission Hours  |Confirm that X-ray radiation time has not exceeded
Generator |[Since Filament Was 200 hours since the filament was last replaced. If
Replaced more than 200 hours, ask your system manager to

have the filament replaced.

Confirm that more than 180 days have not elapsed
since greasing for insulation. If more than 180 days,
ask your system manager to have the cables
greased.

Confirm that there are no unusual noises or
vibration from any axis during CT stage movement.
Confirm the free space available on the hard drive
by opening [My Computer] on the desktop,

Days Since Last
Greasing for Insulation

3 CT Stage |[Movement on Axes

Space Available on right-clicking on [Volume] for the drive where data is
Hard Drive to be saved, and then clicking [Properties]. If there
is less than 10 GB of free space, delete some
4 Control unnecessary data to increase the free space
Computer available on the hard drive to over 10 GB.

Click the [Start] button in Windows, then click [All
Programs]-[Accessories]-[System Tools]-[Disk
Defragmenter] to start the defragmentation tool.

Periodically defragment the drive where data is to
be saved.

Hard Disk Drive
Fragmentation Status
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Troubleshooting

7  Troubleshooting

If troubleshooting measures do not resolve a problem or a problem occurs that is not described
below, immediately contact your Shimadzu service representative.

Description of

Type Problem What to Check Corrective Measures

Is the power supply circuit
breaker at t_he site power . Switch the site or system power supply
supply service panel or main circuit breaker ON

> | System does not power supply circuit breaker on 5 See 231 '

g | start even after the back of the unit switched ees.3.1.

@ | turning the OFF?

5 | [OPERATE] key Is the operation box cable . .

g switch to [ON] on connected with the operation Conne.ct an operatlt_)n box cable with an

T operation box certainly.

the operation box.

box normally?

Is the [EMERGENCY STOP]
button on the operation box
locked in the down position?

Unlock the [EMERGENCY STOP] button
on the operation box by turning the
button clockwise.

Control Computer

Control computer
will not start up

Refer to the manual provided
with the control computer.

Refer to the manual provided with the
control computer.

Nothing appears
on the monitor.

Is the control computer power
switched OFF?

Switch the control computer power ON.

Is the monitor power switched
OFF?

Switch the monitor power ON.

Is the monitor power cord or
signal cable disconnected?

Connect the monitor power cord and
signal cable.

Is the control computer power
cord or signal cable
disconnected?

Connect the control computer power
cord and signal cable.

Software does not
start.

Are the capture board, 10
board, and the graphics board
recognized normally?

Check what is recognized normally by
the device manager.

Data acquisition
errors often occur
during CT
scanning.

Is the hard drive memory
excessively fragmented?

Run the defragmentation function
included with Windows.

If defragmenting the drive does not
resolve the problem, temporarily move
data from the drive where data is being
saved to a separate drive and then move
it back.

X-ray Fluoroscopic Image

The live image
remains
completely black
and nothing
appears.

Are X-rays being emitted?

Emit X-rays.
¥ See 5.2.2.

Is the [OPERATE] key switch
on the operation box turned to
[OFF]?

Turn the [OPERATE] key switch on the
operation box to [ON] to restart the CT
software inspeXio64.

Is the signal cable
disconnected between Flat
panel detector and control
computer?

Make sure the signal cable between Flat
panel detector and control computer is
securely connected to the image capture
board in the control computer, then
restart the CT software inspeXio64.

Does the LED light in green?

Confirm that the LED of FPD lights in
green.
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Description of

Type Problem What to Check Corrective Measures
Is the kV or uA m°”'t°.r value in Increase the voltage or current setting.
the X-ray control area in the CT I3 See Chapter 4
software inspeXio64 too low? P )
Are the live image qualit Click the [AW] (Auto Window) button in
. . 9eq y the live image quality settings area in the
settings in the CT software CT software inspeXioba
inspeXio64 set appropriately? IZ See 5.2.2 P '
Adjust the focus values.
Are the X-ray focus setting [ Refer to 2.1 X-ray Control Area in
values appropriate? the Advanced Operations Instruction
Manual.
Rotate the target.
I="Refer to 6.2 System Manager
2
Fluoroscopic Is the target rotated regularly* Inspection ltems in the Advanced
images are blurry. Operations Instruction Manual.
Contact your system manager to have
the high voltage cables greased by a
Have high voltage cables been | Shimadzu service representative.
greased on a regular basis? I Refer to 6.2 System Manager
Inspection ltems in the Advanced
Operations Instruction Manual.
A persistent image Create an air calibration table.
of the sample :'(:aasnt:: dsifllrphzssaarrrln;;le g:i(taign [I=Refer to 6.1 CT Software inspeXio64
remains on the live for a lona time? P [Management] Window in the Advanced
image for ever. 9 ' Operations Instruction Manual.
The exterior
camera image . . Disconnect and reinsert the USB cable
remains black, Is the U.SB device Ibe?lng (CAMERA) for the exterior monitoring
without being recognized properly’ camera.
updated.
maintonance door o the shield | SSCuUrel close the siiding and
box open? maintenance doors on the shield box.
i-gc]i?cg]ttgrrllgcr:ri]( . | 1s the [OPERATE] key switch | Turn the [OPERATE] key switch on the
iluminated % , on the operation box turned to | operation box to [ON] to restart the CT
'th“em;‘; eccﬁ tr’o||n [OFF]? software inspeXio64.
area in t¥1e CT Is the key switch on the front Turn the key switch on the front panel of
software panel of the X-ray control box the X-ray control box (MTT controller) to
= | inspeXio64 (MTT controller) in the [OFF] the [ON] position.
2 P : position? [F See 3.2.2.
@ Is the vacuum gauge output Verify the vacuum gauge output value.
g)) value 41 or higher? I See Chapter 4.
S
X Thg [Power Limit] Contact your system manager to grease
indicator in CT . .
software Have high voltage cables been | the high voltage cables.
inspeXioba greased on a regular basis? =X Refer to the Advanced Operations
appears red during Instruction Manual.
X-ray emission.
The [Overheat] Has the X-ray tube become too | Shut off X-ray emissions and wait about
indicator in CT hot? 30 minutes.
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Troubleshooting

Description of

Type What to Check Corrective Measures
Problem
software
inspeXio64 Add cooling water to the cooling water

appears red during
X-ray emission.

Is the water level in the cooling
water tank too low?

tank.
I3 Refer to the Advanced Operations
Instruction Manual.

The
communication
error indicator
lamp is illuminated
red in the X-ray
control area in the
CT software
inspeXio64.

Is the communication cable
disconnected between the
X-ray control box (MTT
controller) and control
computer?

Make sure the communication cable
between the X-ray control box (MTT
controller) and control computer is
securely connected to the
communication port COM1 on the
control computer, then restart the CT
software inspeXio64.

If that does not resolve the problem, the
turbo molecular pump may have
malfunctioned.

X-rays are not
being emitted.

Has the filament burnt out?

Contact your system manager to replace
the filament.

I Refer to the Advanced Operations
Instruction Manual.

Has the interior of the X-ray
tube become
dirty/contaminated?

Contact your system manager to clean
the interior of the X-ray tube .

I3 Refer to the Advanced Operations
Instruction Manual 6.2.

Is the MTT controller key switch
in the [OFF] position?

Turn the MTT controller key switch to
[ON].

Is the [OPERATE] key switch
on the operation box in the
[OFF] position?

Turn the [OPERATE] key switch on the
operation box to [ON] to restart the CT
software inspeXio64.

Is the [EMERGENCY STOP]
button on the operation box
pressed?

Unlock the [EMERGENCY STOP] button
on the operation box and restart the CT
software inspeXio64.

Does the vacuum gauge output

Make sure the vacuum gauge output

ﬁﬁg? does not display indicate 15 or higher? display indicates 15 or less, then repeat
' aging.
The Startup

inspection wizard
does not proceed

to the next window.

Is the MTT controller key switch
in the [OFF] position?

Turn the MTT controller key switch to
[ON].

X-ray CT Images

CT scan does not
start.

Is the trigger cable (coaxial),
between the motor controller
board inside the control board
and the control computer,
disconnected ?

Make sure the trigger cable (EXTRG),
between the motor controller board
inside the control board and the control
computer, is securely connected to the
splitter cable for the camera signal
cable.

Problem with CT
image

Does noise appear in the form
of concentric circles (like
Fig7.1)?

Click the [Calibration] button in the

instrument settings area of the CT

software inspeXio64 to perform calibrate

the air settings.

I Refer to the Advanced Operations
Instruction Manual 2.13.
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Description of

Type Problem What to Check Corrective Measures
Click the [Calibration] button in the
instrument settings area of the CT
Is the image blurry because of | software inspeXio64 to calibrate the
center oscillation (like Fig7.2)? | center of rotation.
I Refer to the Advanced Operations
Instruction Manual 2.13.
Click the [Edit Defect Calibration
. Data]lbutton in the Manager Setting
\E\)/ﬁi’fzthifi(r:tb%)((:ilzgtuscgp?)se ar wi|_1dow of CT soft\_/vare_ inspeXio64 to
on the live image? edit the defect calibration data. _
Iz Refer to the Advanced Operations
Instruction Manual 2.13.
Is there a double image of the Make sure the sample is not moving
sample shape in CT images? during CT scans.
Is the CT image brightness . . -
settings set too bright or too Egect an appropriate scaling coefficient.
dark? See 5.4.
. Contact your system manager to have
:;iuz (I::%)Iil;nl?nﬁ?gtgn ﬂ;g? ack the cooling fan replaced by a Shimadzu
bped: service representative.
Is the [OPERATE] key switch Turn the [OPERATE] key switch on the
on the operation box turned to | operation box to [ON] to restart the CT
[OFF]? software inspeXio64.
Make sure the communication cable
Is the communication cable between the motor controller board
The CT stage does | (COM2) disconnected between | inside the control board and the control
not move during the motor controller board computer is securely connected to the
CT software inside the control board and the | communication port COM2 on the
inspeXio64 control computer? control computer, then restart the CT
startup. software inspeXio64.
o Erlgégsscﬁ-:;izfgg::,:gﬁ%atlon Restart the CT software inspeXio64.
8 , - Confirm that the sliding door and the
cﬁ ::gitriiasgggggs:)g;r:ge maintenance door are close, and the
(&} ) READY lamp turns on.
A message such
as "The stage is
notinitialized.", "A Make sure the communication cable
communication Is the communication cable between the motor controller board
protocol error (COM2) disconnected between | inside the control board and the control
occurred.", or "A the motor controller board computer is securely connected to the
communication inside the control board and the | communication port COM2 on the
error occurred." control computer? control computer, then restart the CT
appears inthe CT software inspeXio64.
software
inspeXiob4.
A license check Is the dongle key for Image-Pro | Insert the dongle key for Image-Pro
error appears g )
Analyzer disconnected from Analyzer securely into the control
g |Whenlmage-Pro |y ontrol ter USB port? ter USB port
2 | Analyzer s started. e control computer port? | computer port.
O [ 'Alicense check Was the license file for Copy the VGStudio license file to the
error appears VGStudio copied to the correct | prescribed folder on the control
when starting VR. folder on the control computer? | computer.
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Troubleshooting

Type ST B What to Check Corrective Measures
Problem
. Check that the clock display of OS is
E':\i:otgtﬁrsgg?ﬁé S(':Tg:kas normal. And check that it is dead of the
dis Iag of OS in the past? battery of the mother board of a control
play past: computer.

Fig. 71 Image with Ring-Shaped Noise

1.0mm

1.0mm

Fig. 7.2 Image with Blurry Center
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L 8 CT Operations Basic Principles

This section describes the basic principles of CT scanning operations.

8.1 X-rays and Fluoroscopic Images

Typically, the X-ray fluoroscopic images we are most familiar with are medical X-ray images.

In the case of traditional chest X-rays, the patient stands with their chest against a photographic plate
and is irradiated with X-rays from behind. Then X-rays passing through the body are recorded on to a
film as an image, as shown below. The recorded image is just like a projected silhouette. Since
traditional X-ray images use film, they can only show still images, but the CT software inspeXio64 is
able to display moving images in real time.

Fig. 9.1 X-ray Imaging
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I CT Operations Basic Principles

8.1.1 How Fluoroscopic Images Relate to Sample Characteristics
x-rays are a type of electromagnetic wave, which this inspeXio64 system generates by using a high
voltage to accelerate electrons inside the X-ray tube and bombard them against a target.
Since X-rays have a short wavelength, they gradually attenuate as they pass through the object.

This attenuation rate varies depending on the sample material, thickness, and density, which varies
the quantity of X-rays passing through the sample.

If a large quantity of X-rays pass through the sample, the fluoroscopic image will be brighter.
If a small quantity of X-rays pass through the sample, the fluoroscopic image will be darker.

Fluoroscopic Image
Materials Easy to Pass Through

Number of X-rays

That Pass Through

Materials Difficult to Pass Through

8.1.1.1.1 Materials That Are Easy and Difficult for X-rays to Pass Through

Thin Attenuation Fluoroscopic Image

)

. & _'Number of X-rays
). _That Pass Through
L e

r;

>

-ty
ww

Thick

8.1.1.1.2 Samples of Same Material But Different Thickness

Fluoroscopic Image

Low Density

Many

Number of X-rays
That Pass Through

H|gh Densny

8.1.1.1.3 Samples of Same Material But Different Density

Fig. 9.2 How Fluoroscopic Images Relate to Sample Characteristics
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CT Operations Basic Principles

8.1.2 How Fluoroscopic Images Relate to Tube Voltage and Tube
Current
The intensity and quantity of X-rays is determined by the tube voltage and tube current values.

Increasing the tube voltage reduces the wavelength, which makes the X-rays harder and penetrate
farther.

Increasing the tube current increases the quantity of X-rays per unit area, which makes the
fluoroscopic image brighter.

8.1.3 Magnifying the Fluoroscopic Image
The magnification rate is determined by the SOD and SID values, where
Magnification = SID/SOD
SOD = Source-to-Object Distance
SID = Source-to-Image Distance

Image Detector
Sample (Object) >

X-Ray Focal Point
(Source)

A A

Fig. 9.3 Relationship between SID and SOD

Based on the relationship that exists between SID, SOD, and magnification rate (magnification =

SID/SOD), magnification can be increased by either decreasing the SOD value or increasing the SID
value.

Fig. 94 Relationship between SID, SOD, and Magnification Rate
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I CT Operations Basic Principles

8.2 CT Scanning

CT is an acronym for computed tomography.

CT was originally developed for medical applications, but model inspeXio SMX-225CT FPD HR and
others now use CT for industrial applications as well.

Medical CT systems typically have the patient lie down on a bed, which is passed through a gantry
containing an intemal X-ray tube and detector.

L
Gantry F \

A

Fig. 9.5 Maedical CT System

The X-ray tube and Flat panel detector inside the gantry are positioned exactly opposite from each
other, as shown below. The X-ray tube and Flat panel detector are then rotated 360 degrees around
the patient to collect X-ray fluoroscopic data from various angles for a particular cross section, from
which a cross sectional image (CT image) of the body is calculated.

X-Ray Tube —__|

Patient Detector

Bed

Fig. 9.6 Gantry Configuration

Unlike medical CT systems, the X-ray tube and Flat panel detector in industrial CT systems face each
other in fixed positions, with the object being scanned placed in between. X-ray fluoroscopic data is
collected from various angles for a particular cross section, while rotating 360 degrees, from which a
cross sectional image (CT image) of the object is calculated.
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CT Operations Basic Principles

With the CT stage rotated by 360 degrees during X-ray exposure, sample-related X-ray attenuation
data collected by the Flat panel detector is referred to as “projection data”. Since the Flat panel
detector is continuously acquiring data, different projection data can be obtained for each X-ray
exposure angle.

Images obtained from reconstructing sinograms are referred to as a CT images and the method of
obtaining CT images is referred to as CT scanning.

Angle
v OO
@: =Z_ : - . l -m
X-ray Source .
360°
Sample Detector  Sinogram

Fig. 9.7 CT Scanning

There are 2 types of CT scan methods, normal scan and offset scan. With a normal scan, the CT
stage is rotated by 360 degrees, collecting 360 degrees of projection data. (See Fig. 9.8 (a).)
However, like with a normal scan, if the stage's center of rotation is collinear with the X-ray source
and detector centers, projection data from the half-rotation between 0 and 180 degrees is redundant
with projection data obtained between 180 and 360 degrees.

This scanning configuration by using the projection data rotated by 360 degrees is referred to as
normal scanning.

However, if projection data from 360 degrees is acquired with the stage center of rotation shifted
away from the line connecting the source and detector centers, and the projection data obtained
between 0 and 180 degrees is overlaid with projection data obtained between 180 and 360 degrees,
the acquired data will be the same as projection data from normal scanning. In this way the stage
center of rotation is offset, and so this scan method is referred to as “offset scanning”. (see Fig. 9.8

(b))-

Rotation Rotation
Angle: 0 deg.
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(a) Normal Scan (b) Offset Scan
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8.2.1 2DCT Scanning

The CT image at the same height as the source, calculated from the sinogram, is referred to as a
2DCT scan. This inspeXio64 X-ray CT system is not only able to generate a CT image of the sample
at the same height as the source, but is also able to generate a set of three simultaneous cross
sectional images, which includes images from slightly above and below the source.

Same Height as
X-ray Source

— 7
@_ e V- L G e

X-ray Source

CT Image

Fig. 9.9 2DCT Scanning

8.2.2 CBCT Scanning

Calculating multiple cross sectional images by simultaneously reconstructing sinograms for multiple
lines worth of data acquired using an area sensor, such as L.I. or FPD, is referred to as CBCT (cone
beam CT) scanning.

Detector

Fig. 9.10 CBCT Scanning

inspeXio SMX-225CT FPD HR Basic Operations Instruction Manual 117



I CT Operations Basic Principles 7

8.3 Normal and Offset Scanning

In general, normal scanning is used when higher magnification is desired and offset CT scanning is
used when a larger scan area is desired.

8.3.1 Normal Scanning

Normal scanning is CT scanning with the CT stage rotation center positioned in-line with the source
and detector centers.

The CT scan region is the area circumscribed by a circle with radius equal to the shorter of the lines
extending from the rotation center of the CT stage that are perpendicular to either edge of the range
irradiated with X-rays.

8.3.1.1 ray Detector

X-ray Source

X-ray Radiation

Range CT Scan Area

Fig. 9.11 Normal Scanning

8.3.2 Offset Scanning
Offset scanning is CT scanning with the CT stage rotation center shifted out of line with the source
and detector centers.

The CT scan region is the area circumscribed by a circle with radius equal to the longer of the lines
extending from the rotation center of the CT stage that are perpendicular to either edge of the range
irradiated with X-rays.

While this allows scanning a larger area than normal scanning, magnification is reduced.

8.3.2.1 ray Detector

X-ray Source

X-ray Radiation
Range

CT Scan Area

Fig. 9.12 Offset Scanning
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8.4 Scan Angle

There is a possibility that the magnification rate for normal scanning can be increased by changing
the CT stage angle of rotation.

8.4.1 Full Scan

The CT stage is rotated 360 degrees to collect sample projection data.

Since projection data is obtained from all angles, it allows obtaining more detailed reconstructed CT
images.

Detector

X-ray .
Tube

Fig. 9.13 Full Scan
8.4.2 Half Scan

The CT stage is rotated a little more than (to compensate for X-ray emission angle) 180 degrees to
collect sample projection data.

The reconstructed CT image quality is not as good as the full scan image, because only half the
amount of projection data was collected, but detailed images are obtained because the image is
based on real data.

Since samples do not need to be fully rotated, this method is especially useful for achieving high
magnification of large samples.

180 Deg
Rotation

Detector

X-ray
Tube

Fig. 9.14 Half Scan
8.4.3 FS Scan (limited angle scan)

The CT stage is rotated 60, 90, and 120 degrees to collect sample projection data.

CT scanning in the full-scan or half-scan modes requires keeping a certain distance between the
sample and X-ray tube to prevent them from colliding, but this also prevents obtaining CT scans with
higher magnification. However, though limiting the rotation angle means the collected projection data
is incomplete and angle-dependent losses will occur, the FS-scan mode offers higher magnification

rates by moving the sample closer to the tube and thereby reducing SOD.

60 Deg 90 Deg
Rotation Rotation

120 Deg
Rotation

Detector

X-ray . \
Tube

Fig. 9.15 FS Scan
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8.5 CR Scanning

An X-ray fluoroscopic image with no distortion in the CT-Z direction can be obtained by acquiring a
series of single-line projection data at the same height as the source, as the sample is moved
vertically up the CT-Z axis. The resulting image is referred to as a CR image and the method of
obtaining CR images is referred to as CR scanning.

Line at Same
Height as X-ray
Source

X-ray Source

Prrmmmzz== el 77

————— A L L L e i i s il &

1= W__ ~ T ]

———————— > ]

(o

Sample is ; [P e e e o]

. ; e e

Moved in i v
Direction of !

CT-Z axis e

Fig. 9.16 CR Scan
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8.6 CT Scanning Parameters

8.6.1 Number of Views

The number of views refers to the number of sets of data acquired as the sample is rotated 360
degrees.

The CT stage angle between adjacent sets of projection data is 360 divided by the number of views.
Therefore, increasing the number of views also increases the data acquisition time and data
processing time, but improves the spacial resolution of CT images.

- Angle 00 views Angle 1200 views
_--" - _ 0 deg

0 deg
P-== == '/‘a@ l '0'
‘‘‘‘‘ 360 deg

-~
~
-

360 deg

Detector Sinogra

Fig. 9.17 Number of Views

8.6.2 Average
Count

The average count specifies the number of times data acquired for each view is integrated.

Increasing the average count increases the time required to acquire data, but improves the S/N ratio
and provides CT images with less noise.
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8.6.3 Scaling Coefficient

The scaling coefficient refers to the brightness conversion factor specified to optimize contrastin CT
images.

In general, small scaling coefficients are specified for samples with high specific weight.
Large scaling coefficients are specified for samples with low specific weight.
Some reference scaling coefficients are listed below.

When the scaling A narrow peak is formed T
coefficient near the center of the :’
is small histogram. = ™
" 10000 " 20000 " aodoo [[[s0d0 " sadn " eoom0
When the scaling Alarge peak is formed near | Bl Ser 8 | s i
coefficient the center of the histogram. | ‘= '
is optimum 1 ‘
) -
When the scaling Alarge peak is formed near | Eio S 8 e e e sa
coefficient the center and a line is o
is large formed at the right edge of N
the histogram.
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8.6.4 Brightness Level and Display Range

Adjusting the brightness level and display range allows displaying input images with pixels of a
specified brightness value enhanced.

Image signals from the CT software inspeXio64 have a 16-bit grayscale depth (65536 shades of gray
between the lightest and darkest points), but Windows is limited to displaying images using 8-bit
depth (256 shades). Therefore, the range of shades represented in 16-bit data must be remapped to
values available in 8-bit data. Decreasing the display range increases the apparent contrast.

Brightness Level
255

Q

isplay Rrange

»
|r

0 Image Brightness Levels (acquired data) ~ 65535

Brightness Levels Displayed
(displayed data)
y
\ 4
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Fig. 9.18 Brightness Level and Display Range

8.6.5 Gamma Values
The function used to convert input images to output images, determined by the specified brightness
level and display range values, forms a straight line.

However, this enhancement profile can be varied by specifying a gamma value for the conversion
function.

Gamma values greater than 1.0 will result in dark areas appearing brighter and with less contrast.
Gamma values less than 1.0 will result in dark areas appearing darker and with more contrast.

255

Gamma Value > 1.0 Gamma Value< 1.0
Fig. 9.19 Gamma Leve
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