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Abstract

Because of the COVID-19 pandemic lung illnesses are a very current
topic and are receiving a lot of attention. To recognise lung illnesses
early cheap and fast imaging is very important. For this a Talbot-Lau
interferometry setup is a promising option. To achieve the best possi-
ble image quality the Talbot-Lau interferometer was manually aligned.
Additionally, different gratings were tested, and the best was used as
GO. In this thesis a piezo motor to move the absorption grating GO
continuously was implemented. The phase-stepping and tomography
measurement functions were written for both discrete and continuous
movement. In comparison to the phase-stepping of GO the improve-
ment of the continuous movement in image quality has not been very
noticeable. But the continuous movement offers future experiments
with different movement patterns to improve acquisition time and qual-
ity.
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Chapter 1

Introduction

Lung illnesses, for example chronic obstructive pulmonary disease (COPD),
are very common and responsible for many casualities. Because of the
COVID-19 pandemic, which can also affect the lung, this topic is currently
getting more attention than in recent years. The diagnosis for COPD of-
ten happens very late in the progression of the illness. It is therefore of
interest to provide a low-cost and fast possibility to check the lungs and
detect illnesses early. X-ray imaging as a non-invasive procedure is already
widely used in the medical field, for example to detect fractures in bones. It
is almost always attenuation based. With x-ray grating interferometry can
in addition to attenuation also refraction (differential phase contrast) and
scattering (dark-field) be analysed. In attenuation based imaging of less ab-
sorbent materials, for example soft tissue, the contrast is very low where as
the contrast in the refraction is higher. [2] Micro structures of the sample are
better visible in dark-field imaging. [5] It shows that dark-field radiography
looks very promising for imaging lungs cost-effective and fast.

1.1 Focus

The aim of this thesis is to incorporate a P-841.60 piezo-motor, which is used
to move the source grating GO, into an existing Talbot-Lau interferometer
setup. This entails the commissioning of the piezo-motor, the implementa-
tion of the controls compatible with the existing interface of the setup.

In order to obtain uniform intensity on the detector the Talbot-Lau interfer-
ometer was aligned. Furthermore, multiple gold plated graphite-gratings
for GO were compared to each other in terms of the visibility where the best
one was chosen for all further measurements.

On the optimized setup, the continuous movement of GO with the new piezo-
motor was compared to the phase-stepping, in terms of visibility and practi-
cality.



1. INTRODUCTION

1.2 X-ray

X-rays are electromagnetic rays with a wavelength of 0.0lnm to 10nm [3,
p-120].

Absorption image The concept of x-ray absorption imaging is based on the
energy loss of the x-rays when they travel through matter. This energy loss
is dependent on what kind of material the x-rays travel through. [3, p.120]
For example, more x-rays are absorbed in bone than in soft tissue.

Medicine Because of this, x-ray imaging is often used in medicine as a non-
invasive procedure. The difference in absorption does make it possible to
see the bone in an x-ray image, and for example, detect a fracture. [3, p.138]
Absorption images work well for matter that absorbs a lot of the x-rays. To
get the same contrast in the image for less absorbent materials, more x-rays
are needed. [2] This dependence of dosage and contrast is one of the known
limitations in the application of x-ray imaging in the medical field. Because
x-ray are high energy rays they can ionize the materials they pass through.
This can increase the risk to develop cancer. [3, p.122] Therefore a person
should not be exposed to a high dosage of x-ray radiation.

X-ray imaging in the medical field almost exclusively utilizes the absorption
of x-rays in material. A possible solution to avoid the required high dosage
of x-rays for good contrast in images with low absorbing materials, is to
implement x-ray grating interferometry.

Refraction The interaction of x-rays with matter can be described through
refraction in addition to absorption. The advantages of refraction based
images are, that it may be possible to image materials with nearly identical
absorption properties. [3, p.192] A setup which implements the principle of
phase-contrast imaging is Talbot-Lau interferometry (see section 1.3).

1.3 X-ray grating interferometry

In comparison to medical x-ray imaging, which is mostly absorption based,
in x-ray grating interferometry, phase and scattering can be analyzed. With
the phase sensitivity, high contrast in imaging soft materials can be achieve.

(2]

Talbot-Lau interferometry For x-ray grating interferometry with a low co-
herence x-ray source, the Talbot-Lau interferometer setup is used. An ex-
ample of the Talbot-Lau interferometer setup can be seen in figure 1.1. It
consists of an X-ray source, three gratings (GO, G1 and G2) and a detector,
lined up in the beam line. The sample can be positioned between GO and
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Figure 1.1: Talbot-Lau interferometer. Between X-ray source and detector
three gratings GO, G1, G2, the form an interferometer. [3, p.195]

G1 (as seen in figure 1.1) or between G1 and G2 (as seen in figure 2.1).

Each grating consists of slits and bars. The gratings GO and G2 are absorp-
tion gratings and G1 is the phase grating. The purpose of G1 is to shift the
wave coming through the grating by an additional factor. This phase shift
only happens at the bars of the grating. The wave passes through the slits
without any change. Because of this periodic phase modulation in certain
wave sections, interference (destructive or constructive) between the wave
sections can occur. [3, p.195] Figure 1.2 shows a simulation of the result-
ing interference pattern after G1. Because of the Talbot effect, the pattern
repeats itself periodically. Therefore the detector (which has to be placed
somewhere, where the interference pattern is observable as distinctly black
and white) could be placed at each of those positions, which are periodically
repeated. But because the interference pattern becomes less distinct over the
course of multiple periods, the detector has to be placed within the first pe-
riods of the pattern. [3, p.196]

The grating GO is positioned right after the x-ray source. For the interfer-
ence patter to be visible, the x-ray source has to be spatially coherent. But
because the x-ray tube has to be able to produce enough x-rays so that the
imaging time is not too long, the focal spot is too big. Hence, the absorption
grating GO is positioned after the source. Each of the slits of this grating
focuses the x-rays to a smaller spot. The distance between the slits has to be
chosen in a way, so that the interference pattern of the slits after GO exactly
overlay with each other. This produces a spatially coherent x-ray beam after
GO. [3, p.196]

The grating G2 in front of the detector is an analyzer grating used to resolve
the interference pattern, which is much smaller than the pixels in the de-
tector. The absorption grating causes that only sections of the interference
pattern pass through and get to the detector. [3, p.196]
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Figure 1.2: Simulated Talbot carpet: interference pattern behind grating G1
travelling from left to right. [3, p.196]

Moiré Fringes Grating alignment in a Talbot-Lau interferometer is required
because of the Moiré-Fringes that can appear. If one of the three gratings is
misaligned compared to the others, fringes appear in the acquired images.
The misalignment can stem from a shift in the z direction in figure 1.1 or a
tilting of the grating in the xy-plane. These Moiré-Fringes, as can be seen in
figure 1.3, cause irregularities in the image and therefore want to be avoided.

Figure 1.3: A moiré pattern, formed by two sets of parallel lines, one set
inclined at an angle of 5° to the other. [9]

Phase-stepping Phase stepping is the concept of moving one absorption
grating (GO or G2) perpendicular to the beam direction (in x direction in fig-
ure 1.1). This enables to calculate to three quantities attenuation, differential
phase and dark-field from the signal the detector receives.

Flat-field correction The fixed-pattern noise which can for example stem
from inhomogeneity in the beam can influence image quality or in case of
computed tomography can lead to artefacts. To avoid this flat-field correc-
tion can be used. Flat-field correction only works on noise which is the
same in each image. For flat-field correction it is necessary to acquire an
image without the sample in the field of view. This flat-field image can then
be used to normalize the acquired image of the sample. The fixed-pattern
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Figure 1.4: Left: phase stepping. The Talbot carpet is sampled at different
positions of grating G2. Right: the intensities at different stepping positions
form the sinusoidal phase stepping curve. From this curve, attenuation,
differential phase and dark-field can be calculated. [3, p.198]

noise is largely reduced in the flat-field corrected image. [4]

Tomography The previous paragraphs explained the principle of 2D imag-
ing. But to gain all the information possible it is useful to obtain images
from multiple angles of the sample so that a 3D image can be reconstructed.
This can be done by rotation the sample. The acquired images can then be
reconstructed into a three dimensional image.

1.4 Procedure

The procedure of the thesis consists of familiarising with the existing setup,
the existing code used to control this setup and the piezo-motor. After the
mounting of the new piezo, the implementation included establishing con-
nectivity with the motor and altering the script in such a way that all existing
functions were still working. Furthermore, new functions were written for
the continuous motion of the GO.

The alignment of the Talbot-Lau interferometer was achieved by moving
and tilting G2, with the screws on the mounting, until the grating structure
was aligned vertical to the Talbot carpet. Different source gratings were
interchanged and compared by taking a phase-stepping measurement and
calculating the mean visibility. The grating with the largest visibility was
then used as GO.

After implementing the piezo into the system, the focus was on the com-
parison of discrete phase stepping and continuous movement of GO during
image acquisition. The flat-field corrected images of a sample acquired with
both procedures were then compared.






Chapter 2

Setup

The Talbot-Lau interferometer setup used for this thesis can be seen in fig-
ure 2.1. On the left in the figure 2.1 is the x-ray source located (shown in
red). The three gratings are shown in purple. The piezo-motor, to move GO,
is indicated with yellow. Marked in green is the sample, which sits on a
vertical and a rotation motor. On the right of the figure, shown in blue, is
the detector.

Figure 2.1: Setup of the Talbot-Lau interferometer at PSI

X-ray source The x-ray source used in the setup is a Comet MXR-225HP /11.
The tube consists of a high power tungsten anode, a directional beam and
dual focal spot. [1]

The x-ray tube is operated at 70kV, 10mA and 0.4 FOC, in this thesis.

Gratings The Talbot-Lau interferometer setup consists of three gratings: an
absorption grating (GO) to create an array of partial self-coherent sources, a
rt-shifting phase grating (G1) which produces the Talbot-carpet downstream
and a second absorption analyzer grating (G2). Two of them (GO and G1)
are fixed in a solid fixture to the table. They cannot be moved (except for
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Figure 2.2: Fixtures of the gratings

GO, which can be moved perpendicular to the beam direction for phase-
stepping) or tilted, as can be seen in figures 2.2 (a) and (b). This is to sim-
plify the alignment process. Because they are fixed to the table, they do not
need to be aligned manually.

G2, on the other hand, is mounted magnetically to six screws as seen in 2.2
(c). These screws change the position of G2 in all three spatial dimensions
and are used to align the gratings.

The gratings are of the following type (see also table 2.1):
¢ GO: gold on graphite
¢ G1: silicon for 7r-shift at 46keV etched

¢ G2: gold on graphite

H | S0 [ & [ @ |
period [pm] 4.8 6.47 9.92
gold height [pm] 150 9.20 150
duty cycle 0.5 0.5 0.5
dimension (L x W) [mm x mm] | 45x 10 | 80 x 17 | 80 x 40

Table 2.1: Specifics of the gratings used in the setup

Because G2 does not cover the whole detector area (as can be seen in figure
2.2 (c)), the acquired image cannot be used entirely.

Piezo The motor used to move GO is a P-841.60 Piezo-motor and the motor
is controlled by a E-709 Piezo controller (for more information see [7]), which
is connected with USB to a PC.

The maximum length of movement of the motor is 90 ym. [8] The movement
can either be absolute to a defined position or according to a wavetable.



The wavetable can be freely designed, most interesting for this thesis are
the three general shapes shown in figure 2.3. Six different wavetables can
be defined. The wavetables, which were used in this thesis are shown in
table 2.3. These wavetables can be called by a function by their numbers; for
example moving the Piezo motor with wavetable 5 means a linear movement
with amplitude 4.5um.

To control the piezo from a python function, the modules GCSDevice and
pitools from the pipython library are used.
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Figure 2.3: Possible movement patterns of piezo wavetables [6, p.99-101]

H ‘ movement | amplitude [pm] ‘ number of wavetable points H

1 linear 80 2000
2 ramp 44 1200
3 linear 20 2000
4 linear 4.4 2000
5 linear 4.5 2000
6 ramp 88 2400

Table 2.2: Wavetables

Sample In this setup, the sample is positioned between G1 and G2. The
sample is mounted on a vertically moving and a rotating motor. The vertical
motor enables to take flat field images without having to remove the sam-
ple manually. It is also useful for larger samples to take measurements on
multiple vertical positions, so that the entire height of the sample is imaged.
The rotating of the sample enables tomography.

Detector To detect the signal, a Dectris Titlis T02402_75-0 detector is used
in the setup. This detector uses cadmium telluride crystals to convert the
x-ray signal.






Chapter 3

Grating alignment

It is important in the Talbot-Lau interferometer setup to align the three grat-
ings. If this is neglected, the resulting Moiré-fringes will cause irregularities
in the acquired images.

Alignment Before the alignment, the intensity image without a sample in
the beam can be seen in figure 3.2 (a). The Moiré-Fringes are clearly visible
with five periods in the vertical component.

The number of periods in the vertical component can be reduced by tilting
the grating with the two screws on top of the fixture. After tilting the grating
the right amount; this is done by gradually moving and checking the image;
the vertical component vanishes. This can be seen in figure 3.2 (b).

There is however still a horizontal component of the Moiré-Fringes visible.
There are approximately 4 periods visible, this is a result of the distance
between the gratings that have not been adjusted yet. After adjusting the
distance on grating G2 (by turning all the four screws in the front of the
mount the same amount) the absorption image shows only one fringe in
the vertical direction that can not be fully removed. This concludes the
alignment.

Figure 3.1: Fixtures of the gratings
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3. GRATING ALIGNMENT

(a) Before alignment (b) After tilting G2

(c) After adjusting the distance on G2

Figure 3.2: Absorption image of different stages of grating alignment
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Figure 3.3: Visibility of a phase-stepping scan in grating region

Visibility ~After the grating alignment, a phase-stepping scan was performed
to check the visibility. For this measurement a different detector (XCounter
XC-Thor) was used. A mean visibility of 13.57% in the grating region was
achieved, as evident in the visibility histogram from figure 3.3.
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Chapter 4

GO testing

To achieve the best visibility possible, multiple GO gratings were tested un-
der the same conditions and the obtained images compared according to the
visibility. All the tested gratings are gold plated graphite gratings, etched at
PSI, with a period of 4.8um, as discussed in section 2.

Testing conditions Each of the gratings was inserted into the mount where
it got bent slightly to account for the conical beam geometry of the setup.
The mounting consists of two parts which are fitted together. The grating
was placed on one part. The second part was carefully fitted on the first part
with the grating. This pressed the grating in the designed curved shape. The
mount with the grating inside was secured with six screws. The visibility
with the inserted grating was checked by performing a phase-stepping scan
without a sample. From this image, the visibility was determent and com-
pared to the other tested gratings.

Comparison The visibility histogram of all the four tested grating can be
found in figure 4.3 and the mean visibility for the grating region can be
found in table 4.1.

Figure 4.1: GO with mount

13



4. GO TESTING

H Visibility mean value [in %] H

Grating 1 12.78
Grating 2 13.67
Grating 3 14.55
Grating 4 13.27

Table 4.1: Mean visibility in grating region in a phase-stepping scan

absorption
0 -
0 500 1000 1500 2000 2500 3000

0 5000 10000 15000 20000 25000 30000 35000 40000

Figure 4.2: Absorption image of phase stepping measurement

As can be seen from the table 4.1 the gratings differ up to 1.77% in visibility.
These values are with taking into account, that the periods of the different
grating are not exactly the same, which is determined by signal retrieval.
To adjust the precision of the fit for grating three and four, the period of
the phase-stepping motion had to be adjusted such that the phase-stepping
movement is over one period as precisely as possible.

From the data in table 4.1 grating three was chosen with the highest mean
visibility of 14.55%. Therefore grating three is used from here on for all
further measurements.

When doing a measurement there is a light spot with nearly zero absorption.
This can be seen in figure 4.2 in the top right corner of the grating area. This
spot stems from the chosen GO grating.

14
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Figure 4.3: Visibility histograms of the different tested G1 gratings, achieved
by phase-stepping measurements






Chapter 5

Projection imaging

For the phase-stepping of GO0, a function was implemented that acquired
and saved the data. A parameter can be handed to the function that specifies
the mode of the piezo operation. The first mode uses the piezo for phase-
stepping where it does not move during image acquisition (see section 5.1).
The second mode is used to acquire images with a continuously moving G0
grating (see section 5.2).

5.1 Phase-stepping

Parameters If the function is called for phase-stepping, the period has to
be given. The period means the total movement length of the GO grating.
Most of the time the movement should equal to one period of the grating (for
this setup, the period is approximately 4.4ym). Furthermore, the exposure
time for each image (meaning the exposure time per phase-step) has to be
given as well as how many phase-steps are made in the entire scan.

Procedure First of all the x-ray source is initialised. This is done manually
with the external voltage source. Then the script initialises the detector and
the piezo motor. The imaging process consists of alternating between taking
an image and moving the GO grating one phase-step. The grating is station-
ary during the image acquisition and only moves in between images. Once
all the phase-steps are completed the motor moves GO back to the starting
position and the acquired images are saved to the predefined location.

5.2 Continuous movement

Parameters If the function is called for continuous movement of GO0, the
shape of the movement has to be specified (see section 2). As in the phase-

17
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stepping case the exposure time for each image and how many images are
take in the entire scan need to be given.

For the continuous equivalent to the phase-stepping movement a linear mo-
tion was chosen as it uses the same area of GO and is closest to discrete
phase stepping for comparison reasons. Therefore in this thesis, the func-
tion is always called with wavetable four which is a linear movement over
one period which equals 4.4um (see section 2.1).

Procedure To be able to move the piezo continuous simultaneously to the
acquisition the python package threading was used. With the threading im-
plemented the two subfunctions which control the acquisition and the move-
ment of the piezo can then run simultaneously. It is important to achieve
the correct timing of moving the grating GO at the same time as the acqui-
sition is in progress or else there could be a loss of needed data. Once the
acquisition is finished and the piezo is moved back to the starting position,
the data is saved and the measurement finished.

5.3 Vertical projection image

With the previously defined phase-stepping or continuously moving GO0 ver-
tical projection imaging can now be undertaken.

Procedure Since the vertical projection is implemented with flat-field-
correction the function starts with moving the sample vertically to zero
(which means moving the sample to the lowest possible position, out of
the field of view) to take the first flat image. The flat-field image is taken by
calling the phase-stepping function. After that, the motor moves the sample
to the highest position which is defined when calling the vertical projection
image function. Then another phase-stepping image is taken. The number
of vertical steps as well as the vertical distance the motor moves the sample
between images is defined when calling the function. For each of the vertical
steps the phase-stepping function is called. After finishing the acquisition
the sample is moved down by the predefined distance. After all the images
with the sample have been acquired, the vertical motor moves the sample to
zero again, and the last flat-field image is taken.

5.4 Comparison discrete and continuous movement
To compare the continuous movement of GO and the discrete phase-stepping

vertical projection images were taken. Both movements are taken under the
same conditions and without moving the sample in between.



5.4. Comparison discrete and continuous movement

Measurement The vertical projection function is used for the comparison
measurement. The movement of GO spans over 4.4um for both the discrete
phase-stepping movement (in five steps) and the linear movement. The du-
ration of one exposure is set to 2.0s and the vertical movement is done in
five steps of size 8mm for both acquisitions. The sample used for the images
is a small tube with murine lungs which can be found in figure 5.1.

Figure 5.1: Sample: Murine lungs

Comparison In figures 5.2, 5.3 and 5.4 the result of the vertical projection
function is displayed grouped by absorption, phase and dark field. To obtain
these images, the image shift was calculated and the mean of the overlaying
region of the two vertical neighbouring images was taken.

The continuous motion scans GO uniformly instead of step-wise and there-
fore depends differently on the GO structure but the image quality does not
differ very much. To obtain better image quality the scan needs to be done
over multiple periods.

19
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Figure 5.2: Absorption of vertical projection image with discrete or continu-
ous movement of G0
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Figure 5.3: Phase of vertical projection image with discrete or continuous
movement of GO
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Figure 5.4: Dark field of vertical projection image with discrete or continu-
ous movement of GO
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Chapter 6

Computed tomography

Computed tomography is x-ray imaging of a sample from multiple angles.
This is achieved by rotating the sample. With the acquired images it is
possible to reconstruct a three dimensional image of the sample.

To implement the tomography a function is defined. Just like for the pro-
jection imaging (see section 5.1), there is a parameter which defines if the
movement of GO is continuous or discrete. For the continuous movement
see section 6.2 and for the phase-stepping see section 6.1.

Parameters Other important parameter which have to be defined are the
highest point the vertical motor moves the sample to during the tomography,
the number of vertical steps that are done in the tomography and the min-
imal vertical range the sample moves during the tomography also need to
be specified. If the minimal vertical range is a negative value the movement
of the sample starts at the defined highest point and moves further down.
If this value is positive the movement starts at the defined position and the
sample is moved further up.

Additionally, because the function implements flat-field correction the ver-
tical position the sample is moved to, for taking the flat image also needs
to be given. This means that for every tomography scan (which means for
every vertical position) one image with the sample and two flat images are
available.

6.1 Phase stepping

When the GO grating is moved in steps the total distance which GO trav-
els during the phase-stepping and the number of phase-steps need to be
specified just as in section 5.1 for the phase-stepping.

21
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Procedure When the tomography function is called upon at first, the ver-
tical positions are defined by accounting for the movement direction. Then
for every vertical position another function is called. In this function at the
beginning one flat image gets taken. This means the sample is moved to
the defined flat position, where it is not in the field of view and then the
phase-stepping function is called. After acquiring the flat-field image a to-
mography scan is taken for every phase-step. After GO has been moved for
the phase-stepping the detector starts the measurement for the tomography
a few images earlier than the rotational motor starts to rotate the sample.
This is to ensure that no rotational angle is missing. Once the whole rota-
tion and the whole acquisition are finished, the motor rotates back to the
starting point and the images are saved. Then the piezo motor moves G0
one phase-step further and the next tomography is acquired. After all the
phase-steps are done, there is a second flat image taken, again by moving the
sample vertically out of the field of view and then taking a phase-stepping
measurement.

6.2 Continuous movement

When the GO grating is moved continuously the wavetable used for the
movement pattern needs to be specified.

Wavetable For the continuous movement to capture all the data it is nec-
essary to have each phase position for each angle. This means there has to
be a shift such that this condition is satisfied either by an offset in space (see
figure 6.1 (a)) after each rotation or an offset in time (see figure 6.1 (b)). The
option to implement an offset in time is used here because it is easier to
achieve. An example of this principle can be seen in figure 6.2. This exam-
ple is for five different phase-positions and a wavetable with a ramp shape
(see figure 2.3 (b)). The image of the first angle of the second rotation is not
taken in the first GO position but in the second. Therefore a shift occurs and
all the data is available without altering the motion pattern.

For the following images the wavetable two (see table 2.1) was used. This
wavetable has a ramp shape, an amplitude of 44ym and 2400 wavetable
points.

Procedure When the tomography function is called the beginning is the
same as in the phase-stepping case (see section 6.1). Firstly, the vertical
positions are defined and then for every vertical position another function is
called where at the beginning one flat image is taken. After acquiring the flat-
field image the piezo, the detector and the rotational motor are initialised
and the right values (given by the input parameters) are set. After that the
acquisition and the continuous piezo movement are started simultaneously,



6.2. Continuous movement
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Figure 6.1: Two phase-stepping offset options

via threading. The rotation of the sample is initiated a few images later. This
ensures that all the angles of the rotating sample are captured and no data
is missing. Once the rotation of the sample, the movement of GO and the
acquisition are finished, the rotational motor rotates the sample back to the
initial position and the data is saved. After that the second flat image is
taken.

Result To retrieve the signal from the acquired data, phase tagging is nec-
essary. Phase-tagging enables signal retrieval even if the phase-stepping
positions are not uniformly distributed (as can be seen in figure 6.2). In this
case, the phase-tagging did not work because the accuracy of the period was
not sufficient. In the phase image of the tomography scan very strong arte-
facts are visible even though the image is already flat field corrected. The
artefacts could originate from imprecise signal retrieval because of the used
movement pattern or imprecise movement of the piezo motor. The latter is
very unlikely because of the motors high precision.

Period accuracy is very important in the used implementation of tomogra-

23



6. COMPUTED TOMOGRAPHY

24

GO0 Positions

44um—+

2m 4m Rotation

Figure 6.2

(a) Absorption

(b) Phase

Figure 6.3: Tomography scan of an Ethernet connector with continuous
movement of G0

phy. This is because if the period is wrong by a small offset, this offset is
added again with each rotation. So after five rotations the difference is five
times the offset. If there would have been more time as a solution to this
problem one phase-step-shift per rotation could have been implemented.
This is not as dependent on the accuracy of the period because the error
cannot stack for each rotation.



Chapter 7

Outlook

Projection image The next step in improving the projection images could
be to compare different movement patterns for GO and investigate, if a cer-
tain pattern improves the image quality.

Tomography The next step in the progress of the tomography would be to
go back to easier motion patterns and go from there to more and more so-
phisticated motions. Different movement patterns of GO could be analyzed
against each other, to determine if there is a difference in image quality.

To lower the dose of x-rays delivered to the sample and to speed up the
image acquiring process, a sliding window phase-stepping could be imple-
mented (as described in [10]).
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