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Remark: the mentioned values for different parameters in this manual are only for illustration

and may differ for your application
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Hardware 4

PC Connection
- Use the marked ports to connect the CTportable with the PC

CTportable
Ethernet-Plug
for detector
connection

CTportable
USB-Plug

\
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Hardware 5

Connection panel
- Use the marked ports to connect the CTportable

Network usB X-Ray on/off System on/off

i vy, —
wall JCE

4V | 10A 12V / NOA

CTportable
Ethernet-Plug Key switch Rotary switch

CTportable  CTportable
Power-Plug USB-Plug

\
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Hardware 6

How to start the CTPortable
- Turn the key switch and the rotary switch clockwise to switch the
CTportable on

CTportable
Ethernet-Plug Key switch Rotary switch

CTportable  CTportable
Power-Plug  USB-Plug

\

~ Fraunhofer

115



Hardware 7

How to start the CTPortable

- Push yellow button to confirm the start process

s'QeENc‘,s)
i q“

Yellow LED is
blinking

Green LED is off

\
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Hardware 8

How to start the CTPortable

- Yellow LED is off = System is ready to use

s‘QeENc‘,s)
i \ .

Yellow LED is off

Green LED is on

\
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Hardware 9

How to open the door
- Push green button and open door

Yellow LED is blinking

Green LED is off

\
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Hardware 10

How to start the CTPortable

- If door is closed, push yellow button to confirm the safety interlock

$&Q.EN Cy s
i q“

Yellow LED is off

Green LED is on

\
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Hardware 11

Collimator

Caution! Collimator contains lead, wash your hands after touching
Do not remove the collimator

Collimator

\
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Pre-filter
- If you want to use a filter place it on the collimator

Pre-filter

Hardware 12

\
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Positioning of the specimen
- Place the specimen on the rotation table
- Move the magnification stage to the desired position

Magnification stage

Hardware 13

Fixing screw

\
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Start Volex
- before starting Volex, wait until the detector is connected

£ Type here to search

© Fraunhofer IIS

Volex 14

i Sapera GigE Server
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Volex 15

Start Volex

Ell © Type here to search

\
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Volex 16

Start Volex

Please wait!

Volume Explorer Software

Fll © zur Suche Text hier eingeben

—
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Svystem overview

Volex 17

Procedure control

EDL

@0:02:30 | Fly by CT

Syst

Manipulation system -

RY_SPECIMEN 0.00°

= P 6o e

TY_SPECIMEN 0.00 mm @

o o0 3 e - a0 I
TZ_SPECIMEN 0.00 mm

e 200 €8] aos - 006 [N

Manipulation system

Procedure parameters

10 value 14200
Total number of projections | 1000
Scan range for rotation

manipulator [deg] | 360|
Root folder

Measurement name

Corrections
[Genmehic calibration: Active

Procedure settings

Logger
Copy Dateandtime Level Message

Axes

Detector

X-Ray source

®O®

SOD: 0 [mm]
L

SDD: 333 [mm]

Image view

0x0, unsigned 8-Bit, X, ¥: , value:

i / x  NaN [mm]
=y Nafmm]
| a  Na [rad]

3 i 0,000 [um]
“—-"

Visualization

e & QIESED m

Exposure time [ms]

Averaging

‘
[ ]

Info

Exception message

PINEIENEEEEEEENE]E

o4

X-Ray off
0.000 kV Interlock
130 Online
o 0.000mMA ¢ .
Source settings -

[ Mode

* Source settings

Detector settings | Image container collection

Detector settings |
Bl

Corrections
Offset correction: Active

Multigain correction:
Active

Multigain acquisition

Skip count| 0|

Skip count |0

’—Offset acquisition

Lower limit [mA] 0.13

Detector settings

Geometric calibration | Geometry calibration container

Geometric calibration -

Start

10 value 11700

Geometric

Number of spheres per.

~o=en - calibration

L Type here to search

A D TOE P N

© Fraunhofer IIS
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Svystem overview

Kl ttee 10 Fraardiale: Derdspmnrant Cortas ¥ oy Tech rudzany 1200

Press ,Reference move” for
manipulation system

Volex 18

2] s
s
El
2 | S H ] il (i3 '|e Y el N\ ;: :.' X-Ray off
| ) et
= e T - 0.000 kY ™
g 1)
|!."""‘""" o il O o 6 0000 MA e
[R———— B [T e e ——
i P Drvouton welinge
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ot
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=
10 vabar o1

Tl umagred e

|mlmller] @ 0/ @ =0/~ =1

[
Nharehar ob qubarst pae pregactien |

Logger
Croy Taeacte e Meoos

=]

Furazton maemae
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Svystem overview

Volex 19

Press ,,Warmup” for
warming up the source

i 1 Frasrhiale: Demdepmant Curtes 3 Fa Techroduay SS90 - w
e
2 | S H @ @ @ : L e ocm e ¥-Ray off
@mm e oo o ey L] = ehbal g e | 0.000 k¥ ..:::
| RS ] I 0.000mA .,
00 250 feer| o
Muslpubstion systam
£ e — e [ - e =
H';JN.CMN 000 mam — Hﬂ
E:‘:mnwn W mm = E :::::';‘.;:uh.m.r .
@‘\ - Ot ezaubiizn
= F « E o RH
= e ] ktp st
T | Mtan st
o - s
R Lorweer limit (e ‘oot
Ieocwdurs controler A g Pumizer of steps a
= Prstabure garass N
s = i
[ —— o v
e - = Eal
Rt fududer e P )
Mraciramat rome L e iecwoecren SUIE
Cormecton
e C Gsmraiai coblaution | linseretry cu
Grum el calinafon =
[sian
18 wabir S

ml@ler @ 0/ « o~ |

Foarstuer ot qberes peepnection q1

Loqger
oy Caenestms L e

(BT
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Volex 20

Svystem overview

Choose your exposure time and
click the black offset button

I i 12 Fraarlrale: Dovdepmmant Corbin ¥ R Toch by 257
e beme b

I

2 .
LFEERT BO@® [ g ~Hac i
@m:w JLIES | ) SR 0.2 ey ; R [——— - 0.000 kv —

@ reoum s h = 0000MA o

SDO: 338 frer|

Marlpuisaion nyvterm,

au» PECREN sro _— .
:_:?Jn.cm: D ot - o

;.::‘::wr.um e e u

gt deagaia

Sy =
o
= a
an =5
I Fesiprtiara )
Sian earae sar priatzn moalzsar |dag) —E
Russt fuduber b ST s e g i

] L e leecacman UL

Comentan
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e aw
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Svystem overview

Choose the source mode, i.e.
which focal spot setting you want

Volex 21

Volex 10 - Fraunhofer Development Center X-Ray Technolegy (EZRT) t d d b t - x
e v e o use, depending on your 0 Jec
EN L ) ) @ I - [ HE X-Ray off
g T=y NaN fmm] < ' b ‘
i k Interlack
1990230 gy by et - SOD: 0 [mm] | = (] Exposure time [ms] 0.000 kv
V] 130 Qnline
. i 0,000 [um] Averaging | ons s 0.000mA ...
b ] [ . .
SDD: 333 [mm]
Manipulation system ~  Image view ﬁ - -
RY_SPECIMEN  0.00" .
) — ool s~ NS0 N
TY_SPECIMEN 0.00 mm
ey o p
B30 200 ] s~ A [T —
TZ_SPECIMEN 0.00 mm -
ol 20 s S
Corrections
Offset correction: Active
e = - Multigain correction:
Active
Procedure parameters
10 value | 14200  Offset acquisition
;Mal numbe';of.::!ecﬁnns ‘ 1UIII‘ 30x v Skip count ljl
can range for rotation | 360
ipulator [d
:::l“;:l d::'[ el e B Multigain acquisition
Measurement name [ | 30x v Skipcount| 0

Corrections
(Gmmﬂn’( calibration: Active

0x0, unsigned 8-Bit, X: | Y:, value:

LINEHINEIE

Lower limit [mA]

Geometric calibration |Geometry calibration container ‘

‘Geometric calibration -
Start

10 value
Number of spheresper |3

projection

Logger

Copy Date and time Level Message

Exception message

ﬂ £ Type here to search

~ & T E 99 ENG

© Fraunhofer IIS
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Svystem overview

Volex 22

Small focus mode 0
Middle focus mode 1
Large focus mode 2
Small focus moda 8
Maximum output Middle focus mode 16 W
Large focus mode 39
: . Small focus mods 8 (5um at4 W)
fmg;imﬂuﬂ size Middle focus mode 20 um
Large focus mode 40

Adjust the lower limit according to the lowest possible current

< 2q X-Ray off B 5
M '.‘ '.‘ 0 000 kV \nte{ock \ A . ] .
v % 130 ’ Online K 40 130
[ima) o1 02 0.000mA  ¢oes [mAl| 005 03

X-Ray off
0.000 kV '”‘;:;’::
0.000mA .,

Source settings

Source settings.

&®

i~ Corrections

i~ Corrections
Offset correction: Ack)

Multigain correction:

Active

No valid data for ‘Multigain co

[

gction: Active” available

Offset acquisition

Sidp coun NG

30x o

Multigain acquisition
30x N

Skip count -‘

Lower limit [mA]

Multigain correction:
Active

Offset acquisition
30x -

REIEEREEIE

Multigain acquisition

30 o

Lower limit [mA]

0|s]

Offset correction: At

No valid data for 'Multigain cd

)

jcction: Active” available

Skipcount, .

e 3¢ X-Ray off
M '-' '.' Inliﬂck
i 0.000 kv "
[kv] 52 -130.000 130 Online
[mAl 013 0‘3 ‘ 0.000mA ...
Source settings -

=

r Corrections

Offset correction: Agtive
Multigain correction:
Active

r Offset acquisition

ynt [ [

30x !

Multigain acquisition

Skipcount| W 0

30x ~

Lower limit [mA]

© Fraunhofer IIS
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Svystem overview

Volex 23

Vol 10 Fraunhfer Development Center YRy Technalogy &

£ e Bem o
a1 e Sl
@D‘W” Fly by CT

Manipulation system
RY_SPECIMEN 000"
[ —
TV SPECIMEN 000 mm
:
T2 SPECIMEN 000 mm
:
Procedure contraller
Fracedure parameters
10 value
Total number of projections
Sean range for ratation manipulator [deg]
Root folder
Measurement name
Geometric calibration: Active | |

Make sure to adjust the lower limit;
Press the grey Multigain button

Choose your voltage and current for the measurement;

RPD@ ;e wEOD 4 B
e 1 bt | (g = : 0.000 kv "=
. | @i | (e 1 . ""T“‘:E 0.000mA ...,
S o v . = | B 3
e s | Attention! ) N !
it o - I EID . Median:Ac 3
Make sure, that there is et el
no object between the X-Ray off fu s
.| source and the detector! || D000 kYR :
& ] 00 0.000mA ...,
——°
|

Active

2304 % 1300, unsigned 16-Bit

12:23:22PM

er finished, Consumer finished

Multigain correction?

Offset acquisition

Multigain acquisition

Lower limit [mA]

No valid data for 'Multigainigo ion: Active’ availal

© Fraunhofer IIS
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Volex 24

Measurement Setup

Place specimen onto the elevation stage, close the door and switch X-ray on

Check if the magnification is satisfying

—
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Measurement Setup

Volex 25

- Read out the positon of your specimen from the measuring tape
- This is the focus-object-distance (FOD)

mrmimm
3!! oo

kil , i ;
2 wmm“"‘

White arrow shows the
reading position

An object like a ruler
may help to read off
the position

\
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Volex 26

Measurement Setup
- Read out the positon of your specimen from the measuring tape
- This is the focus-object-distance (FOD)

filf//ff///////////////4////4////4///L¢
249 25 26 27

‘ T
LT VTV TV un|n|
kﬁ\ 'k'l A8 19 20 ‘-l‘. 224823

/

Measuring tape

it
i

\
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Volex 27

Measurement Setup
- Be careful, if you change the position of the magnification axis to a

FOD < 65mm
- If you use a scanning position with a FOD < 65mm make sure NOT to crash the

source, when you move the lifting axis upwards

FOD < 65mm

——
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Svystem overview

Move the manipulation system to
the measurement position:
Fill in the position of the lifting
axis for TY_SPECIMEN;
Fill in the focus-object-distance for
TZ_SPECIMEN

I Volex 10 - Fraunhafer Development Center X-Ray
£ e Extras Info.
A A
@wcvsa FybyCT
Manipulation system
RY_SPECIMEN 360.00" —
[ e — seeo B3] s~ R N
TY_SPECIMEN 153.00 mm =
[ 55 ] e - IR
__ T2 SPECIMEN 202,00 men
5 —— P o
Procoduse contiolier I
Procedure parameters. 1 f
10 value 4350
Total number of projections 1200
Scan range for rotation manipulator [deg] 360
Root folder CaUsers CT\Measurerments Prasecbons -]
Measurement name 20210625 Testspecimen FOD202

Activate the Offset and the
Multigain correction

2304 1300, unsigned 16-8it

d@ge B0eFoNEN NEE  EN=E BN

Volex 28

=]
" X-Ray on
» bl nj‘mk
. 90.000 kv "I
30 I o0 000 | 50
o I—voe] 016 0.080mMA ...
ectorsetongs Image contaner collec
Detector settings o
=
| Ll
d @
i @
an
NNNNN 3
c caborwion |Rsatietes st ot
‘Geometric calibration
value 4350
Number of spheres per projectio 4

\
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Replace the specimen with the Volex 29

calibration stick;

Turn on the radiation;

Start Live Image;

Let the rotation stage rotate by

e 360° and check if the calibration stick
G e is visible during the whole turn.

System overview

- =] x

X-Ray on
90.000 kv "

0.080mMA ¢y

L)
8 ,‘-7
]

A §
(- Conactions
‘G\J Muitigain correction: Active ¥
Median: Active: B
sition

=
@ 300 Skip count a @
¥ Lower limit [mA] an
Procedure controller v} umber of steps 3
Fracedure passmeters
10 value I 4350 @
Total number of projections i 1200
Scan range far ratation manipulator [deg] 60 @
Raot flder e T Nemramerts oo | 1
,,,,,,,, by 1 =]
| Geometic caibration: Actve ] } ] Grometn cakbration - Geome etry calibration camtain
4 Geometic callbeation
; Zl =
y 10 value 4350
Mumber of spheres per projection -

[n][=l (]

@@= [@

id

2304 x 1300, unsigned 16-Eit

opy Dateandtime  level Message Eucept essar
672 PM  Debug OnMeasurementfinished move finished
642 PM Debug OnMeasurementFinished move started
2 Infs. | Gain image acquisition Indes: 3/3, Vottage: 90 Div], Current: 0,01 [mA]

O 6428/7021 122255 PM Info | Gain imace acawisition. Indes: 23 Voltane: 90 el Current: 0.04 mAl

]

Move status: TargetReached

Position 360002

ManipulatorTimeStamp 672872021 12:29: 11 PM

\
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Volex 30

System alignment procedure
- Mount the calibration stick on the specimen table depending on your
focus-object-distance

EIo_ngat.ions f_or Small calibration stick position 1 & 2:
Large and small calibration stick ‘ Measurement close to x-ray source

calibration stick

Large calibration stick position 3 & 4:
Measurement close to detector

Bottom part of
calibration stick

\
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Volex 31

System alignment procedure
- Mount the calibration stick on the specimen table depending on your

focus-object-distance

Calibration stick position 1: Calibration stick position 4:
Measurement close to x-ray source Measurement close to detector

specimen table calibration stick

\
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System overview

Volex 10- enter k-Ray

LPEEDT
(Crgl - T I—

RY_SPECIMEN. 360.00"
w0
g TY_SPECIMEN 153.00 mm
o TLSPECIMEN 20200 mm
e

Copy Dete snd tme Level  Message
O 6/28/2021 122322 PM| Debug | OnMessurementFinished move finished.
O 6/28/2021 122322 PM | Debug | OnMeasurementFinished move started
O §/28/2021 122309 PM Info | Gain image acquisition. Index 3/3, Voltage: 90 vl Current. 0.01 [mAl

O 62802021 122255 PM Infa | Gain imaoe acouisiion, index: 2/3 Voltaoe: 90 fiol Current: 0.04 fmaAl
Mave status: TargetReached

Pasition 360002

Manipulstor TimeStamp. 6282021 12:29: 11 P

Volex 32

Before you do a new geometric
calibration delete all the previous
entries by clicking ,, Delete all”

@]@ R :i::::: U3~ [ o |mmfus)] | S ::}O.

SOD: 202001 [re]

SDD: 290 fmm]

© 00l | [comineia [ s
B N @ —] — 3:_-_:5‘ 0.080mA s

- a x

X-Ray on
90,000 kv "

Offset carrections Active =]
Multigain correction: Active ]
Median: Active )
Ofiset acquisition
{'?P(—_;
30 |
yer limit [mA]
of steps.

a@e eOel-0N=HI NEE | pPEER EEE
| B[

Excepbion message

© Fraunhofer IIS
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System overview Volex 33
Y Select ,Rectangle Tracker”;

Set the tracker by clicking the left
mouse button once for the upper
left corner and one more time for
primi—— the lower right corner e

IO M \\‘ :.' X-Ray on
o e | Y | e
(L st | L (01 30 EEE——20.100] 90.000 kv Oniine
r ; PHIEES [ i 0.080mMA .
‘!‘W%m‘ (el O .00 016 .
Manipulation system Image view = | Detector settings | Image container collection
RY_SPECIMEN 360.00° R = Detactor sautings hs
[ — seco 3] nes - e N H:l el L1
TYSPECMEN  13300mm = 24 -
[ e — ELRR ] o o o =
TZ_SPECIMEN 02.00 mm . = T‘!ﬂ on«.d«umw A :
[ ————— 2m0 B3] s~ e || |Q| e
Skip count ®
Procedure controller hd
e _ Select
10 value 4350
Total mmbser of projections. 1200 -
Scan range for rotation manipulator [deg] 360 /)
Measurement name 20210625 Testepacimen FOOE02 | n
Corrections
Geometric calibration: Active ] i -

Geometry calibration contsiner

Histogram | Gray Scate Profie

Exception message

\
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Volex 34

Svystem overview

Fill in the mean value of the
histogram and the number of
spheres you see (without the
Histogram!) and press start to do
e feiasastatit st the geometric calibration . S

Hoasiypm Om % o X-Ray on
} = ? | | Ty @ = o A
7 000755 TG @ 0002 [rad) — . 90.000 kv "
b Fly by CT SOD: 202001 [mm] (.. Exposure time [ms] 400 30 I 50000] %0 Orline
. (@ sem | A b |2 — 0.080 mA
8 ; . = ma o I 00eo) a1 | 2 Ermored
RO: 290 [mm] B

= o = || Detector settins | Image contanes cotection |
_ RY_SPECIMEN 36000° - - X
£ — seo0 s~ e [ L [aen B
Tv spechaEn 15300 A
& _ i i
|Jmﬂp£f IMEN 202.00 Hmm - 1E‘HE o 'K“‘:“ o e 2
! 2 @
o o
e Zﬂ@z :::l::h(madhn Active &g
2 G| | -oftet scnuisition
“E” W - Skip count 0 @
ol ==
3 v ‘Skip count 0 @
= Lower limit [mA] 01
Procedure controller e Number of steps 3
| Procadure paramaters
s I
Total number of projections.
Scan range for rotation manipulator (deg) /
i Ed
Measurement name =
o
‘ Geometric callbration: Active | (4 ation | Geometry cakibration container
4
w [s
i
Histogeam | Gray Seale Profile —
4131 Mean: 1378860116 SedDev: 75,88 SNR: 18168108 7
o] - ©
: |
5 o]
l
o 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 0000 65000 o
Gy
230421300, unsigned 16 B
Logger
Copy Date and time Level  Message Exception message

6428/2021 12:23:22 PM | Debug OnMeasurementFinished move finished
6/28/2021 12:23:22 P Debug OnMeasurementFinished move started
642872021 122309 PM info. Gain image acquisiion, Index: 3/3, oltage: 50 [lnd. Current; 0.01 fmA]
B028/2021 122255 PM Info Gain imane scouisition, Index: 273 Vltaoe: 80 Tied Current: 0.04 fma1

Move status: TargetReached
Position 360002
Manipulator. TimeStamp 6/28/2021 12 29:11 PM
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Volex 35

System overview

Replace the calibration stick with
the specimen;

Start the Xray and the live image;
Select, Line Tracker” \ 1

i J.I E > = X)) @ . = oo | 0 B £ -* m oo kc-ﬂis:n
g T E— - 262391 o s - = o e
— " . 4479 [l "’"“’"9 h - e e 0080mA ...

2

Detector settings Image containes collecton

meric calibration | Geometry calibrstion cantainer |

O e
Momser o spheres pecpraction 5

EEcEEEN M) SEIEEEEIEER

Copy Date and time Level  Message Exception message
O 6/28/2021 1223:22 PM Debug OnMeasurementFinsshed move finished
O [6/28/2021 122322 PM | Debiag OnMeasurementFinished move started
O | 6/28/2021 122309 PM Info mqum\mmwmm Current 0.01 fma]
C

O 82872021 122255 PM Info sisition,. Index: 2/3

—
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System overview

Vu raunhofer Decelopment Centes X-Ray Technology (EZFT)

by 'JJ JHI

mmmmmm

Set the tracker by clicking the left
mouse button once for the left
corner and one more time for the
right corner

'

O | 6/28/2021 122322 PM Debug OnMeasurementinished mave started

O 6/28/2021 122309 PM |inko. | Gain image acquistion. Index: 373, Voltage: 80 fio], Current: 001 [mA]

O 6/20/2021 1222550 Info |G imace scauisition. Index: 2/3. Voltsae: 90 vl Current; 004 fma]
Move status: Trgetfeached
Pasition 380002
Manipulator. TimeStamp 6/28/2021 12: 28: 11 PM.

boitan U3 - Lo f5=i==} ||

R P

Volex 36

- a x

X-Ray on
90.000 kv "=
0.080MA .

—]

o~
2 SRR e TR et
i e e v

Select ,,Gray-scale Profile”

© Fraunhofer IIS
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Volex 37

System overview

Check how many pixels of the
detector the object is covering;
Fill in that number for the
parameter , Total number of

O T projec‘tions" - 8 x
LEETD — . —@ RS —

T — e e e 90.000 kv "
LT B i = 0002 Ired] TR e i e
QI ee [— IS —] Pl T
S00- 290 [mm] S
» || Detector settings | image container callection
i &
L=
| Offset corvection: Active =)
[ttt
Fo— P—
300 Skip count [ @)
T | e —
[l e st e
=
E Icmmuvmn‘mmm -
Start
(O] e e um
o
1@
g
©

O |6/28/2021 12:23:22 PM Debug | OnMessurementFinished move started
O 6/28/2021122309PM Info | Gain image scquistin. Index: 373, Voltsge: 90 fiv] Current; 001 [ma]
[ 6/28/2021 122255 PM info  Gain imane acouistion. Index: 2/3 Voltaoe: 90 flev] Current: 0,04 ImA1

Move status: Tergetheached
Pasition 350002
Manipulstor TimeStamp 6282021 12: 20: 11 PM.

—
© Fraunhofer IIS % FraunhOfer
1S



Volex 38

System overview

Fill all the parameters for the
measurement;

Make sure the , Geometric
calibration”-checkbox is activated,

stop the live image and press start |- S
fo=l==L NSNS X-Ray on

e —
302 0] ool —r—T = NaNIndl | Eposure time fms] a0 o e | 90.000 kV “x =
; a L I~ —— 0080mA oo
" i = A 0 016 Errored
500 290 pmen) A o W 015 |

Detector settings | Image container collection

il @1 j[C- 0N NEE @=L FHES

-

N

,Clear Tracker”

Copy Date and time Level Message Exception message
o 1

i
O 6/20/2021 1223090 Info | Gein imege scquisin. Index: 3/3, Voltage: 90 fiv], Current: 0.01 ma]
O 6/28/2021 12:22:55 PM Infe | Gain imaae acauistion. index: 2/3 Voltaoe: 90 fievl Current: 0.04 ImAl

—
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Svystem overview

Wolex 10 - Fraunhofer Development Center X-Ray Technology (EZRT)

System

File Extras Info

L

00:02:30
©

RY_SPECIMEN 0.00°

For Helix-procedure click drop
down list and choose ,Flyby

Volex 39

Measurement name

) e— 3c00 [T ass_~ |[T360)
TY_SPECIMEN 0.00 mm
(o1 200 [EH] s - |0
TZ_SPECIMEN 0.00 mm
e oo e ses e[S
Procedure controller A
Procedure parameters
10 value | 14200
Total number of projections 1000
Scan range for rotation
manipulator [deg] | 3m|
Root folder D\Measurements\Projections. I

Corrections
IVGenmelri( calibration: Active

- x
. u

Helix"” or ,,Stepby Helix" e —
L2 "S5~ 3| A j"l' . Interlck
- SOD: 0 [mm] R R Exposure time [ms] ‘ " - 0.000 kV B
:i‘uuwmm] HSEEZTE [ [mA]: s ‘ 0.000mA ...

< SDD: 333 [mm] -
+  Image view Source settings -

Detector settings | Image container collection

Detector settings
|| [

rCorrections

Offset correction: Active
Multigain correction:
Active
Offset acquisition
e | skip caunt [0

Multigain acquisition

30x o

Lower limit [mA]

Geometric calibration  Geometry calibration container |

© Fraunhofer IIS

Geometric calibration hd
10 value
Number of spheresper |5
projection
0x0, unsigned 8-Bit, X: | Y:, value:
Logger M
Copy Dateandtime Level Message Exception message
| ]
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Svystem overview

Volex 10 - Fraunhofer Development Center X-Ray Technelegy (EZRT)

Volex 40

B

b

CL_)“”‘D&“ | Fly by Helix-CT

Manipulation system

RY_SPECIMEN 0.00°

seno 5 e~ G0
a0 s | 02
s [ s~ |

TY_SPECIMEN112.00 mm
——

TZ_SPECIMEN253.00 mm

Place your object on the rotation table;
Select, Line Tracker”;

Move the lifting axis (TY_SPECIMEN) to the position | - > ~
where your upper edge of the area you want to

scan is below the middle line of the detector;

This will be your starting position!

X-Ray off
Interlock
0 kv Online
OmA ..

LAE

Procedure controller

Procedure parameters

10 value ‘

11000/

Total number of projections ‘

2618

Scan range for rotation
manipulator [deg]

589

Scan range for lifting i ‘

7

[mm]
Root folder

Measurement name |

‘Corrections
[Gmmehi( calibration: Active

2304x1300, unsigned 16-Bit, X: 776, Y: 1248, value: 16382

S ElEIEFE==

OIN]

SOUTCE SETngs

- Mode

E—

Detector settings ‘ Image container collection

Detector settings
|| &
r~ Corrections

Offset correction: Active
Multigain H

Active

correction:

 Offset acquisition

Multigain acquisition Y
Lower limit [mA]

i

- falibration | Geometry calibration container

Geometidcalibration A
Start

10 value
Numberof spheresper |5

| projection

Logger
Copy Dateandtime Level Message

Exception message

© Fraunhofer IIS

\

~ Fraunhofer
1S



Volex 41

System overview

Volex 10 - Fraunhofer Development Center X-Ray Technelegy (EZRT) - x

=0 1| NN AR LN . [['o s == NS E X-Ray off
-

Red part won’t be part of the 3D-volume [~ | = 0,000 kv "=
T 7 == T

ma om 03 0.000 MA * croe
SDD: 333 [mm]

b |

RY_SPECIMEN 0.00°
(S — T e s A
B = I W 1 0 [
TZ_SPECIMEN253.00 mm

Manipulationsystem
TY_SPECIMEN112.00 mm
=) < 5] s - [0 R

eccorsetngs
-

r~ Corrections
Offset correction: Active |
Multigain correction: ]
Active

Procedure

10 value  Offset acquisition

Total number of projections Skip count _
Scan range for rotation

manipulator [deg] . .

Scan range for lifting manipulator I acquisition

e Sk coun TG

Root folder

Measurement name

Lower it mA) [T

NS ENEEEEEE

Corrections
[Gmmzhi( calibration: Active

—
o
E]
Q
o
5
=

Green part will be the upper part
of the reconstructed 3D-volume

230411300, unsigned 16-Bit, X: 776, ¥: 1248, value: 16382

Copy Dateandtime Level Message

—
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System overview

Volex 42

m Volex 10 - Fraunhofer Development Center X-Ray Technelegy (EZRT)

£ File Extras Info
)

RIRE

@D‘“&“ Fly by Helix-CT

Manipulation system
RY_SPECIMEN 000°

! 3600/ &3] A5 ~
TY_SPECIMEN112.00 mm

n 200 [{3] s ~
TZ_SPECIMEN253.00 mm

. 260|[£3] a5 ~

Procedure controller

Procedure parameters
10 value

Total number of projections 2678
Scan range for rotation 580
manipulator [deg]

Scan range for lifting manipulator 79
[mm]

Root folder DAMessurements\Projections | .|
Measurement name Measurementname

Move you axis to a position a few mm below
your starting position (e.g. 100) and replace
the object with the calibration stick and do
the 1st geometric calibration;

| Move the axis to 160 and do the 2nd

i geometrlc calibration

 Corrections

Geometric calibration: Active

Logger

Copy Dateandtime Level Message

Clear

2304x1300, ul

nsigned 16-Bit, X: 776, Y: 1248, value: 16382

Exception message

NEIR [EERL | [3H

Source settings

- x
X-Ray off
0.000 kV Interlack

Onl

0.000mA ...

Detector settings | Image container collection

[OIN]

Detector settings -
DE‘
Offset correction: Active
Multigain correction:
Active
- Offset acquisition
30x Skip count i
Multigain acquisition
30 Skip count 0
Lower limit [mA] 0.13
Geometry calibrati
-
11700
5
projectio

——
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System overview

m Velex 10 - Fraunhofer Development Center X-Ray Technelegy (EZRT)

£  File

Volex 43

Replace the calibration stick with your object;
Move the lifting axis back to the starting
position;

- X

by Helix-CT

Manipulation system
RY_SPECIMEM  0.00°

TY_SPECIMEN112.00 mm

5 —
2 —
0]

3600 [{3] ags . 50 |[:

X-Ray off
I(V Interlock
mA

Fill all the parameters for the measurement;
Make sure the ,, Geometric calibration”-checkbox
. is activated, stop the live image and press start .

‘ 2

Online
Errored

4

200 b
&3] aes 12 Detector settings | Image container collection
TZ_SPECIMEN253.00 mm Detector setti -
ings
260] [T aes -
DD
Offset correction: Active
Procedure controller - Mu!tlgam SO E
Active
Procedure parameters
10 value 11000 —Offset acquisition
Total number of projections 2618 20x Skip count 0
Scan range for rotation 580
manipulator [deg] o -
Scan range for lifting manipulator Multigain acquisition
79
[mm] 30 Skip count 0
Root folder DAMessurements\Projections | .|
Measurement name Measurementname Ao L ] 013

 Corrections

Geometric calibration: Active

Geometric calibration | Geometry calibration container

Logger

Copy Dateand time Level Message

Clear

Geometric calibration A

10 value 11700
Number of spheres per 5

projection

[N RN E = EE e =

2304x1300, unsigned 16-Bit, X: 776, Y: 1248, value: 16382

Exception message

\
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Svystem overview

8 Vol 10 - Fraunboler Developmens CenterX. sy Technology (EZFT)
.

Volex 44

Explanation for any Volex-Parameter is given

in the documentation.

Go to ,Extras” - ,Documentation”
Note: some parameters might not be visible in

your Volex version

PEET

Info

Service

Documentation

Color themes

R
C")mw Py by CF =
1
| o B SPECM 000"
T SPECIMEN 5300 mm
‘rz_sm:wm 02

C )

1 H-ﬂhlll
Procedure parsmeters
10 value
Total number of projections.
Scan range for rotation manipulator [deg]
Roat falder
Measurement name
Comections
| Geometric calibration: Active /]

2304 £ 1300, unsigned 16-Bit

Copy Date and rime Level  Message
O |6/28/2021 12:2322 PM Debug OnMeasurementFinished move fnished
O | 6/28/2021 122322 PM | Debug OnMessurementFinished mave started

O 6/20/2021 1223090 Info | Gein imege scquisin. Index: 3/3, Voltage: 90 fiv], Current: 0.01 ma]
62872021 120255 M Inko | Gain imacie scauistion, index: 2/3, Voltsae: 90 vt Current: 0.04 imAl

| Clasr

Wove status: TergetReached

Position 0003

Manipulator TimeStamp §/28/202112:38: 19 PM.

- a8 x
r X-Ray on
TR T v Ty L I K ol e
T b e ST S e—— w0 o 90.000 kV e
. eI Ivengng ¥ - 0080 mA ..
S00: 290 {mm] S =
.l
0O & souce c i
() (@) (D File | Ci/Program%20Filds/Fraunhof -Q:\ <flljc|o /Docs/ \.p\.tuu ce/ r\d ex.ht n

Index

Correction image container
Detector

Geometry calibration
‘Geometry callbration container
Image viewer

Logger

Manipulation system
Procedure controller

Source

= 4 aq =]

Source Panel

Overview

The Source-Panel is used to control and monitor all X-ray source parameters.

Description

The controls are divided into two parts and are located in the control bar at the top as
well as in the Source settings panel:

B X-Ray off
N3 .
w10 750 ) Online
i = 0.000MA .o

Source settings -

Mode

ﬂdefaull -

Source control

The elements in the top bar are the main control panel with overview and controls while
the additional panel is for mode selection.

Using these two panels you can control every aspect of the X-ray source and have
always a good view on the current parameters (both requested and actual).

© Fraunhofer IIS
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OfflineCT 45

Manual reconstruction of volume data

CflineTiE.0

\
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. OfflineCT 46
Manual reconstruction of volume data
- Open first projection

-
KXRayOffice Extras Help
Filesystembrowser tion Previey Reconstruction Reconstruction Options
= 1 Settings.
| =P |
X
« v <« Commissioning » 20220812_Scan04_11mu_stepby v O 0 Search 20220812_Scan04_11...
Organize = New folder = - | o E
A
@ OneDrive
& This PC .
o
4 3D Objects
[ Desktop
. 20220812_Scan04
[£ Documents Timu_
4 Downloads
B Music
=] Pictures
Sort By Writing Date ~ E Videos
Update Add Directory. ‘&= Local Disk (C)
= DATA (D)
Waiting Queue Measurements 3
Projections
- _ R
File name: | 20220812_Scan04_11mu_stepby_0000 >
[E] Finished reconstructions Cancel
|E| Finished previews
Reconstruction Options Tools
H P Type here to search

RAM (GB) ( 34.25/127.73)

~ Fraunhofer
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Manual reconstruction of volume data

OfflineCT 47

- Press “"Reconstruction Preview” to see a preview of the 3D-reconstruction

of the middle slice

=2 OfflineCT-3.0.0212
XRayOffice Exiras Help

Filesystembrowser

-3 cy

Sort By Writing Date

| Walting Queue

[E| Finished reconstructions
[E| Finished previews

2304x1300 Uint18

L Type here to search

_mu _Scan04_11mu_stepby_0000.raw |

= X
[ Rec Reconstruction Options
Seftings

(3P| voure

@ Acquistion Geometry

@ o
ELYC

Extras
7™ | P Setings Tool

s | MTT Settings Tool

RAM (GB) ( 34.01 /127.73 )

\

~ Fraunhofer

115



OfflineCT 48

Manual reconstruction of volume data
- If you want to use different min and max attenuation coefficients for the
reconstructed volume, go back to the start page

Z5 OfflineCT-3.00.218 — ®

XRayOffice Extras Help
Filesystembrouser o : 41 _o000raw | (2] Preview [

B e

Sort By Wriing Date -

Update Add Directory.

| Waiting Queue

100.0% - Done.

|E| Finished reconstructions
i-{E Finished previews

1081

2271x2271y UInt16 RAM (GB) (34.21/127.73 )

L Type here to search

\
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OfflineCT 49

Manual reconstruction of volume data
- Press the “Volume”-button

=5 OfflineCT-3.00.218
XRayOffice Extras Help

| Filesystembrowser

-2 Cy

Sort By Writing Date

| Waiting Queue

Update

Add Directory.

| @ D:Measureme..._11mu_stepby'20220812_Scan04_11mu_stepby_0000.raw L Recanstruction Freview 7] Rec

|E] Finished reconstructions
|El Finished previews

2304x1300 Uint1g

P Type here to search

999

Reconstruction Options

Seftings

. -' MFE Settings Tool

MTT Settings Tool

[& Reconstruction Options Tools.

RAM (GB) { 34.01/127.73)

~ O 71 [ Qi ENG

\
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Manual reconstruction of volume data

OfflineCT 50

- Choose the min (1) and max value (2) you want to use for the reconstruction
- Check the quality by pressing “Reconstruction Preview” (3)

5 OfflineCT-3.00.218
XRayOffice Extras Help

Filesystembrowser

-3 €

Sort By Wriing Date

Updats

Waiting Queue

100.0% - Done.

Add Directory.

|| Finished reconstructions
i-{E Finished previews

2304x1300 Uint16 {X=432 4054, ¥=1852799} 6118

L Type here to search

| |[@] D:Measureme... 11mu_stephy\20220812_Scan04_11mu_stepby_0000.raw | f

&% ®

999

Reconstruction Optiorss

Emtvﬂxelsll]

complete
volume

Simple Advanced

Select slice range ( I )

0

First slice o

Last slice 1080

2271 [
10 Vexel Count (M) Voxel

More Settings ( 1',
Output format 18bit unsigned Integers
Direction of rotation  counterclockwise
File size of reconstruction 0385 | GB

[[] Show reconstructed Area

& Foos'| B Reconstruction Options

RAM (GB) (34.60/127.73 )

12:32 PM

ADRIEY M s B
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Manual reconstruction of volume data

OfflineCT 51

- Switch back to the start page to parametrize the reconstruction

5 OfflineCT-3.00.218
XRayOffice Extras Help

Filesystembrowser

Scan04_11mu_stepby_0000.raw Reconstruction Preview |E Reconstrucion

! i

Sort By Writing Date

Update

Waiting Queue

100.0% - Done.

Add Directory.

|E| Finished reconstructions
E-|E| Finished previews

2271x2271y Uint1g

P Type here to search

1081

RAM (GB) ( 34.24/127.73)
32 M

= = - 1232
~ O 71 [ Qi ENG btk =]

\
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. OfflineCT 52
Manual reconstruction of volume data
- Press the start button (1), choose a file name (2) and press “Save” (3)

XRayOffice Extras Help

Filesystembrowser

stepby'20220812_Scan04_11mu_stepby_0000.raw \E Reconstruction Preview [3] Rec Reconstruction Cptions

- €A
| Edit Voxels ()
x
econstructions > Commissioning Search Commissioning um
Organize v = @ Max 2
A Name Date modified Trpe Size
3 Quick access
= 20220812_Scan02_37p6mu_stepby Rekonstruierter Vo... 5
[ Desktop - A Select
— 20220812_Scan03_Helix Rekonstruierter Vo... = Reset all
¥ Downloads u omplets .
= 20220812_Scan04_1 1mu_stepby Rekonstruierter Vi olume entries
|| Documents = 20220816_Scan06_09mu ) Rekonstruierter Vo... . L
=] Pictures
L DVDRW Drive (F
@ OneDrive
Sort By Writing Date ~ @ OneDrive o
Update Add Directory. & ThispC 1080
= Elements (E) nt (K°Y) 2271 Voxel
Waiting Queus
File name: | 20220813 ean04_11mu_stepby 2
Save as type: | Reconstn
100.0% - Done. it unsigned Integers -
[E] Finished reconstructions ~
= Hide Fold -
[E| Finished previews e telders terclockwise
g "
mconstructed Arca
B of 999
Tools Reconstruetion Options
2304x1300 U6 RAM (GB) ( 3431 /127.73)
P Type here to search =

ENG

\

Z Fraunhofer
s



VolumePlayerPlus 53

Visualize volume data

volumeR layerklus

LIl © Type here to search

\
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VolumePlayerPlus 54

Visualize volume data
en the .rek-file

Tl-2 1l +O|x|s wEAFEKE SH

—
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. . VolumePlayerPlus 55
Visualize volume data e

- Wait until the .rek-file is loaded

B[R-I +O|=|  +0HMERGH

—
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Visualize volume data
- Double left mouse click on the title bar

-2 VolumePlayerPlus 8.1.9 - Measurementname.rek

File Edit Analysis Meodules View Window Help

VolumePlayerPlus 56

X
Ded 2 Ll =]
~
—2 1: Measurementname.rek Voxel Edge Length [um]: 29.70 x 29.70 x 29.70
M |xr |xz |vz |Rotationz|3D |Log |Metalnio]
2 mm

v
< >
} 504 4|
(x 602y 0z 504) Value: 171 Attenuation coefficient: 0.0761 A (x: 769,y 648 7 245) Value: 0 Attenuation coefficient 0.0000
2 mm

<

Bereit

\

~ Fraunhofer

115



VolumePlayerPlus 57

Visualize volume data
- Press the right mouse button somewhere in the upper left view and select
“Fit to Window"”

- Repeat this step for every view

-5 VolumePlayerPlus 8.1.9 - [1: Measurementname.rek Voxel Edge Length [um]: 3168 x 31.68 31.68]
— File Edit Analysis Modules View Window Help

B =] ? » (¢} i } B

Al |xy |3z |vZ |RotationZ|3D | Log | Metalnfo |

Histogram
Gray Value Profile
ColorLutToal

Ellipse Tracker
Rect Tracker

Line Tracker % =

v
} Point Tracker 504 < } 648 <[>
A
A

<

‘x 407 y: 120,z 504) Value: 1801 Attenuation coefiicient: 0.8011 Clear Tracker {x‘ 844y 648,z 174) Value: 0 Atenuation coefiicient: 0.0000 A

Zoom 8:1
Zoom

Zoom

Zoom

B NG e e

4
2
Zoom 1:
1
Zoom 1
1

:8
Fit to Window

Zoom

Aute Clip

Calibration...

Set overlay.

Set region...

Image text overlay settings g

£ Save View...

>

i) 61 <]
Save View with Overlay... =

A

(x 648y 410,z 0) Value: 0 Attenuation coefficient 0.0000

1296x 1296 x 1008, 38.491 mm x 38.491 mm x 28.938 mm, unsigned 16-Bit, Size: 3.2 GB
Bereit

NUM

!
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VolumePlayerPlus 58

Visualize volume data
- Activate the ,,A”-Button for automatic contrast of the views

B VolumnePlayerPlus 8.1.8 - [1: 20130317_175000.rek Vouel Edge Length [um]: 6.25 ¢ 6,25 x 6.25]
2 File Edit Analysis Modules View Window Help

DSE & =0 » I+ @b [ [ BY|6e ok B
I Rmatinn-Z! 3D | Log I Metalnfo

S
i(x 811,y: 1142z 504) Value: 83 Attenuation coefiicient. 0.0369

l(x 648y 1199,z 997) Value: 0 Attenuation coefficient: 0.0000

1296 1296 x 1008, 32.491 mm x 38.491 mm x 29.938 mm, _unsigned 16-Bit, Size: 3.2 GB
| Num [

Ready | A

\
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Checklist 59

Checklist
To-do How often?

I Wait for the detector to connect Whenever you start the system and
before you start Volex

[ Start Volex Whenever you start Volex

1 Warmup the source Daily before you do the very first
measurement

[ Reference move for the axes Whenever you start Volex

1 Set the position of TY_SPECIMEN After referencing the axes

and TZ_SPECIMEN

M Offset acquisition Weekly or whenever you change the
exposure time

/I Multigain acquisition Weekly or whenever you change the

Geometric calibration

exposure time and/or current
and/or voltage

Whenever the position of the lifting
axis or the magnification axis was
changed

\
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Quality assurance 60

Quality assurance with frequent calibration

- Acquire new correction images (offset and multigain) at least once a week

Detector settings | Image container collection

4

- Do a geometric calibration
- Whenever you moved the magnification axis
- Whenever you moved the lifting axis

- After every relocation and transport of the system

Geometric calibration | Geametry calibration container Geometric calibration | Geometry calibration container

-0 ry calibration container

\
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Errors 61

Errors

Bad image quality

- Acquire new offset and multigain images as described

Detector settings | Image container collection

- Delete existing offset and multigain images

Detector settings | Image container collection Detector settings  Image container collection |
Image container collection A Image container collection -

arrection image container | Multi gain correction image container rection image container | Multi gain correction image container

09/07/2021 12:23:02.633 PM = 09/07/2021 12:23:51.667 PM

- Delete the old gemetric calibration, do a new geometric calibration and redo the
measurement

Geometric calibration = Geometry calibration container Geometric calibration  Geometry calibration container + i _r .

@0:0?:59 Ely by CT -

\
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