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A B S T R A C T   

In rock drilling, cemented carbide rock drill buttons are rotating and impacting the rock to crush it, and water or 
air is used to flush away the debris. The wear of the buttons is influenced by many factors, of which the type of 
rock being drilled is a major one, e.g. drilling sandstone is more severe than granite. A notable mechanism in the 
contact between rock and button is the transfer of rock material to the button surface, both replacing the binder 
in the cemented carbide and covering the surface. Whether this transfer is improving or impairing the wear 
resistance of the buttons can be debated. At first glance it seems granite is more prone to cover the button surface 
than sandstone. However, the image acquisition technique and magnification have a great influence on the 
measured rock coverage, and it is found to be similar between the rock types when investigated in closer detail. 
The connection between rock transfer and wear resistance must be more complex, if any exists. This investigation 
highlights the importance of understanding the acquisition technique, particularly regarding the depth sensi-
tivity in relation to what is analysed. The depth sensitivity can be problematic if thin layers are missed. It can also 
give valuable information regarding the thickness of adhered layers, if different analysis techniques and settings 
are combined. New and improved instruments for scanning electron microscopy have made it possible to use 
lower acceleration voltages with high resolution and thus made the technique possible to use in a more surface 
sensitive mode. Varying the acceleration voltage probes the sample at different depths, thereby revealing the 
thickness profile of the adhered layer. Together with simulation of electron trajectories, the thickness of the 
adhered layer can be mapped with a method not exclusive to the samples in this work.   

1. Introduction 

Even though the utilization of friction to produce fire, and wear 
resistant materials trace back to the Stone Age, it was not until 1966 that 
the word tribology was coined to describe the subject [1,2]. This co-
incides almost to the year with the first commercially available instru-
ment for scanning electron microscopy (SEM) in 1965 [3]. A lucky 
coincidence or not, increased capacity to image surfaces with high 
spatial resolution and large depth of field, and increased knowledge in 
tribology, has followed each other since. In many applications, the 
behaviour of surfaces in contact and relative motion is heavily depen-
dent on how the surfaces change during use. The effect of third bodies 
and formation of solid tribofilms have to be included when investigating 
a contact, as described by Godet [4]. When analysing thin tribofilms on 
surfaces with SEM, the interaction between the electrons and the sample 
is critical. Electrons with high energy have the capability to penetrate 
through thin films, instead imaging the surface beneath, so extra care 
with the setting up of the microscope must be taken. In this paper, 

simulations of electron trajectories are compared to imaging with a 
modern instrument, to improve on the general knowledge of thin film 
analysis. In combination with image analysis, the specific case of rock 
adhering to cemented carbide surfaces is studied. 

The principle of using simulations of electron trajectories to estimate 
the thickness of thin surface layers has previously been demonstrated for 
gold and tin layers on nickel substrates, with thicker layers of heavier 
elements resulting in more backscattering of electrons [5]. The present 
work takes on investigating irregular surfaces with light elements 
adhering to heavier substrates. With modern instruments it is possible to 
image with higher resolution and using lower acceleration voltage, 
necessary for the analysis of these thin and light films. 

Simulations of electron trajectories have also been used to estimate 
the thickness of thin foils, with more backscattering from thicker foils up 
to a saturation value depending on the acceleration voltage [6]. Simi-
larly, thicker samples results in more generation of characteristic X-rays 
in SEM, also useable in determining the thickness [7]. With known 
composition of the substrate, the generated X-rays in thin films have 
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been suggested to give a reference-free evaluation of film thickness [8]. 
In a review of destructive and non-destructive techniques for measuring 
the thickness of metal films, X-ray fluorescence (XRF) and electron 
probe microanalysis (EPMA) are the two techniques presented as 
non-destructive, with either reference samples or simulations used to 
calibrate the thickness measurement [9]. 

1.1. Scanning electron microscopy 

In SEM, an electron beam is scanned over a surface and the generated 
signal is registered in each point with a detector to create an image. 
Depending on which detector is used, different information can be 
represented in the resulting image of which compositional and topo-
graphical contrast are the most common. 

The outgoing signal from the sample is the result of either elastic or 
inelastic scattering of the incident beam of electrons. Backscattered 
electrons are the result of elastic scattering. The incident electrons 
interact with the atomic nuclei in the sample and change direction, and 
after one or several such events escape the sample surface. This signal 
will produce a compositional contrast of the sample with a backscatter 
detector since heavier elements have a greater backscattered electron 
coefficient. This also means that the interaction depth of the electrons 
will be lower in compounds containing heavier elements [10]. Heinrich 
has shown that materials that are homogenous on the atomic scale can 
be treated as a mean atomic number if weighted against the mass con-
centration when it comes to the backscattered electron coefficient [11]. 

Secondary electrons are the result of inelastic scattering. The inci-
dent beam interacts with electrons in the sample, ejecting them with low 
kinetic energy, resulting in these secondary electrons only being capable 
of escaping from a shallow depth from the surface [10]. The low energy 
of the electrons also makes them susceptible to attraction by a weak 
electric field. An Everhart-Thornley (ET) detector positioned at an angle 
to the surface will produce an image with topographical contrast since 
surfaces aimed towards the detector will result in more secondary 
electrons reaching the detector. There is no inherent compositional 
contrast in the generation of secondary electrons [12], and back-
scattered electrons have too high kinetic energy to be strongly attracted 
by an ET detector. However, backscattered electrons escaping at just the 
correct angle might be detected as well, and some secondary electrons 
are generated by inelastic scattering of already backscattered electrons, 
leading to some degree of compositional contrast [13]. 

1.2. Image analysis 

Image analysis can be used as a method to extract useful information 
from images. It is a very wide subject that can include counting, 
measuring the size, and determining the shape of objects. Of extra in-
terest for the work in this paper is the possibility to detect differences 
between images acquired of the same area, but with different detectors 
and settings. For this to be useful, several steps need to be performed 
carefully. A key component in this work is the possibility to set up 
automated analysis. Even though the human eye is good at recognizing 
objects and patterns even in images with noise, manual analysis takes 
longer, can be biased, and does not easily produce quantitative results. 
The steps needed to go from a sample surface to a measurement are as 
follows: 

• Acquisition: The starting point to every image analysis is the acqui-
sition of images and knowledge of the samples. The microscope or 
camera should be set up to produce an image with good contrast of 
the objects of interest and as little noise as possible. The analysis can 
only measure what is depicted in the image.  

• Pre-processing: If needed, microscope specific artefacts and noise can 
be reduced by filtering, to produce an image with only contrast 
stemming from the sample surface.  

• Registration: If images of the same area are to be studied, registration 
of the images is needed to compensate for e.g. rotation and trans-
lation. Features are extracted and matched between two images, so 
that the same area is analysed.  

• Segmentation: Objects in the image are identified e.g. by finding 
edges or thresholding. The segmented image can be processed to 
reduce noise even further. There are several automatic methods to 
find appropriate threshold intensity. The result is a binary image and 
a value of the segmentation can be extracted. 

1.3. Rock drilling 

In rock drilling, cemented carbide rock drill buttons are rotating and 
impacting the rock to crush it, and water or air is used to flush away the 
debris. The wear of the drill buttons depends both on the button material 
itself and the type of rock being drilled. In the mining and tunnelling 
industry it is common practice to predict tool wear by relating it to the 
equivalent amount of quartz in the rock [14,15]. However the exact 
reason for this is still not fully understood. The understanding of the 
wear mechanism has evolved with time. Montgomery identified fatigue 
microspalling of the cemented carbide due to the impacts as the chief 
wear mechanism [16]. An early survey by Larsen-Basse suggested that 
the wear stems from impact, abrasion and thermal fatigue [17]. The 
balance between abrasive wear mechanisms change from micro fracture 
at the point of contact for the combination of brittle cemented carbides 
and fracture resistant abrasives, to preferential removal of cobalt for the 
combination of softer cemented carbides and friable abrasives [17]. In 
more recent studies, the complexity of the possible wear mechanisms 
has been highlighted further. Beste et al. concluded that the wear data is 
unique for one rock drill in one rock type but presented a comprehensive 
view on the wear mechanisms that can occur [18]. A major part in the 
wear mechanisms is the adhering of rock fragments to the drill button, 
covering, intermixing and penetrating the cemented carbide surface, 
thus creating an uncontrolled composite of rock and cemented carbide 
[18,19]. This transfer can be as thick as 10 μm, covering large parts of 
the surface, while simultaneously locally much thinner, less than 1 μm, 
and more functioning as binder in the cemented carbide [20]. In another 
study, it was shown that brittle cobalt-silicides had formed on the worn 
surface in conjunction to the adhered rock, which hypothetically will 
contribute to increased wear with increasing amount of silica in the rock 
[21]. A similar behaviour has been observed in drilling concrete [22]. 

To be able to study the wear mechanisms in detail and with greater 
control of the circumstances, a wear test rig was designed and built at 
the Ångström laboratory in cooperation with Sandvik. A drill button is 
pressed against a rotating rock cylinder with the possibility to feed water 
carrying abrasive particles in to the contact. The rig has proven capable 
of mimicking the wear mechanisms observed in real rock drilling 
including fragmentation of WC grains, depletion of binder phase, and 
adhered rock material to the cemented carbide surface [23]. The rig also 
enables studies were the drill button material and rock is varied, to 
investigate the performance of different grades of cemented carbide and 
aggressiveness of counter surfaces [24]. 

2. Methods and materials 

2.1. Samples 

The cemented carbide samples included in this study originates from 
a larger study of different grades, run against granite and sandstone to 
investigate the effect of the binder on the wear resistance [24]. Of these, 
one grade, WC with Co binder, was chosen for this investigation of the 
effect of image acquisition, see Table 1 and Fig. 1. Samples run against 
both granite and sandstone in the test rig described by Angseryd et al. 
[23] are included and the test parameters can be seen in Table 2. The 
tests were performed with continuous sliding and axial feed. 

The worn volume and maximum wear depth, see Fig. 2, was 

R. Elo and S. Norgren                                                                                                                                                                                                                          



Wear 476 (2021) 203766

3

calculated from measured area of the wear marks in Fig. 1 and esti-
mating the wear marks to be flat circles. The wear mark area against 
granite was 5.36 mm2, corresponding to 0.47 mm3 worn volume and 
0.17 mm maximum wear depth. The area against sandstone was 10.93 
mm2, corresponding to 2.00 mm3 worn volume and 0.36 mm wear 
depth. The amount of large scale rock transfer, even visible to the naked 
eye (observable as darker areas in Fig. 1), was estimated by manual 
thresholding to be 0.27 area fraction against granite and 0.07 against 
sandstone. The samples have been rinsed with ethanol but no other 
attempt to remove the rock has been employed. 

2.2. Simulation of electron trajectory 

The electron trajectories were simulated using Casino v2.51, a soft-
ware for Monte Carlo simulations of electron trajectories in solids. 
Multiple electron energies were simulated, from 1 to 10 keV in steps of 1 
keV. For each energy, 106 electrons were simulated without any tilt of 
the sample and with a beam radius of 10 nm. The sample was set up to be 
either pure SiO2 (amorphous, density 2.20 g/cm3), a 100 nm SiO2 layer 
on top of WC (hexagonal, density 15.63 g/cm3), or pure WC. 

2.3. Image acquisition 

Scanning electron microscopy images were acquired at the centre of 
the wear marks with field of views (long axis) of 1200, 600, 300, 120, 60 
and 30 μm. The acceleration voltage was varied between 1 and 10 kV in 
steps of 1 kV and images were acquired of the same areas using both a 
backscatter detector and an ET detector. The microscope used was a 
Zeiss Merlin equipped with a Schottky FEG. The backscatter detector 
was a ring detector used in compositional mode and the ET detector was 
a high efficiency SE2 detector used with a collector voltage of 300 V. 

2.4. Image analysis 

All image analysis was performed using MATLAB R2020a. The 
starting format of the images was 1024 by 690 pixels with 8 bit colour 
depth (256 grey levels). The backscatter and ET images with varying 
acceleration voltage of the same area were registered to compensate for 
e.g. rotation and translation. The registration was performed by 
detecting SURF features [25], matching these between the images and 
applying a projective transformation. To improve on the registration, 
the contrast was enhanced before detecting the features. Depending on 

how well the acquired images match, the registration leads to different 
degrees of transformation, and can be large in some cases. To compen-
sate, the registered images were cropped to remove the dead space, 
resulting in images 800 by 500 pixels. The images were again contrast 
enhanced and a gauss filter was applied to reduce noise. The noise 
reduction was tuned by adjusting the standard deviation of the Gaussian 
distribution (σ) depending on the field of view, according to Table 3. 
Since the adhered rock fragments include fewer pixels with a larger field 
of view, σ had to be smaller for the larger field of views. Finally, the 
images were segmented by finding a global threshold using Otsu’s 
method, an automatic method that maximizes the separability of the 
resultant classes [26]. The result is an image showing what pixels are 
identified as rock and an area fraction of the rock coverage. The full 
workflow in the image analysis is given in Fig. 3. 

Table 1 
Description of cemented carbide, WC-Co.  

Binder volume 20% 
Hardness 1260 HV3 

Density 14.4 g/cm3  

Fig. 1. Overview of wear marks on drill buttons run against a) granite, and b) sandstone. Images acquired by light optical microscopy. Large scale rock transfer 
observable as darker areas in the wear marks. 

Table 2 
Test parameters, sliding distance measured by 
number of rotations due to variations in rotational 
speed.  

Sliding distance 150 m 
Normal load 200 N 
Sliding speed 1.9 m/s  

Fig. 2. Geometry of wear mark in cross section, indicating calculated 
maximum wear depth and wear volume. 

Table 3 
Standard deviation of the Gaussian filters (σ) used for noise reduction for the 
different field of views, and the corresponding filter sizes.  

Field of view [μm] σ Filter size 

1200 0.5 3x3 
600 1.0 5x5 
300 2.0 9x9 
120 3.0 13x13 
60 3.0 13x13 
30 3.0 13x13  
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3. Results and discussion 

The simulation of electron trajectories can be shown as the individ-
ual paths electrons follow, from entering, through backscattering events, 
and escape from the set sample. Of more interest for this work is the 
summarized result of all simulated electron paths, presented in the form 
of electron escape depths and portion of incident electrons escaping, i.e. 
the backscattering coefficient. The difference between the electron beam 
interacting with either a sample of pure SiO2 or a 100 nm layer of SiO2 
on top of WC, can be seen in Fig. 4. As the electron energy is increased 
the electrons can escape from a greater depth. At low energies, the two 
samples behave the same, since the electrons only interact within the 
first 100 nm of SiO2 of the samples. If the energy of the electrons is high 
enough to escape from deeper than this, the signal from the samples will 
differ. In this specific case, this threshold is 4 keV, but more notable at 5 
keV where a substantial part of the electrons are backscattered in WC. 

The quantitative effect of this will show on the backscattering coef-
ficient, Fig. 5a. Evidently, no notable difference is observed between the 
samples as long as the penetration depth is less than ~100 nm, corre-
sponding to 4 keV. However, at 5 keV many electrons reach through the 
SiO2 layer and are more backscattered in WC, thereby increasing the 
backscattering coefficient. As the energy is increased even more, most of 
the backscattered electrons stem from backscattering in WC, and thus 
the sample response becomes more similar to that of pure WC. That the 
electrons are more backscattered in WC can also be seen in Fig. 5b, as the 
maximum depth from which electrons are backscattered becomes lower 
as the electrons reach in to WC compared to pure SiO2. 

The area fraction of rock coverage, segmented for the two detectors, 
varying acceleration voltage and field of view are shown in Fig. 6 for the 
sample run against granite and Fig. 7 for the sample run against 

sandstone. When the acceleration voltage is increased, the area fraction 
decreases – as expected with higher electron energy making the imaging 
less surface sensitive. No overall trend caused by varying field of view 
can be seen, even though the two highest magnifications (60 and 30 μm 
field of view) predominantly give the highest area fractions. These 
magnifications are however the most location sensitive since the ana-
lysed sample areas are the smallest. Notable is that the samples run 
against either granite or sandstone yield so similar results, see also 
Fig. 8. With the backscatter detector, the segmented area fraction is 
around 0.5 for 1 kV acceleration voltage, decreasing to around 0.3 for 
10 kV. This is in high contrast to the perceived coverage when investi-
gating the whole sample surface with LOM (Fig. 1), which suggested that 
the large scale coverage of rock were 0.27 and 0.07 for the samples run 
against granite and sandstone, respectively. 

Visual inspection of the segmentation suggests that the results from 
the backscatter detector are more accurate than from the ET detector, 
see Fig. 9. This could be expected since the backscatter detector should 
yield only a compositional contrast. The segmentation of the images 
acquired with the ET detector however seems to include competing er-
rors. Some areas of rock appear too bright due to charging or tilting 
towards the detector, and are not identified as rock, while some areas 
that appear to be the cobalt binder are identified as rock. For the images 
in this work, this under segmentation of rock areas are more than 
compensated by the over segmentation of cobalt as rock, resulting in a 
too high area fraction of rock coverage with the ET detector. 

Investigating the effect of acceleration voltage closer, see Fig. 10, 
shows how the thickness of the adhered layer varies over the surface. 
Taking the differences between the segmented rock coverage for varying 
acceleration voltage, a thickness map can be constructed and correlated 
to the simulation results. As the acceleration voltage is increased, most 

Fig. 3. Workflow in image analysis.  

Fig. 4. Number of backscattered electrons escaping the sample per nm of depth as a function of depth in to the sample for a) bulk SiO2 with cut out showing the 
maximum depth for the different electron energies, and b) 100 nm of SiO2 on top of WC. Electron energies of 3 and 4 keV are highlighted as the threshold of 
backscattered electrons stemming from WC escaping the sample. 
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Fig. 5. a) Backscattering coefficient for the electron energies and three samples. When the electrons reach the heavier elements, through the SiO2 layer, the co-
efficient increase drastically for 4 keV and above. b) Maximum depth of at least 100 backscattered electrons escaping the sample per nm of depth. For low energies, 
the sample is the same as the electrons never reach WC. Above 4 keV the electrons are backscattered more by WC and does not reach as deep in to the sample. 

Fig. 6. Segmentation results from sample run against granite. a) Backscatter detector, and b) ET detector.  

Fig. 7. Segmentation results from sample run against sandstone. a) Backscatter detector, and b) ET detector.  
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areas of adhered rock are still visible and possible to segment, but 
decrease in size from the edges of the individual adhered areas. This 
indicates that the difference in thickness of the adhered layers is mostly 
a thinning towards the edges, and not a difference between the indi-
vidual areas. 

The automated registration and segmentation worked as intended 
for almost all images. An example of the registration can be seen in 
Fig. 11. Much effort was made to acquire the images as close in position 
to each other as possible, and the registration managed to compensate 
for most variations. The only exceptions were the images acquired with 
1 kV acceleration voltage using the backscatter detector. The contrast in 

these images was so low that the registration failed, and for this reason 1 
kV is excluded in Fig. 10. The segmentation of these images was still 
possible, but the position is somewhat different. 

The automatic segmentation process after the registration can be 
seen in Fig. 12. Visual inspection indicates that what appears to be rock 
is segmented as rock for the images acquired with the backscatter de-
tector, see Fig. 13. The noise reduction is necessary to segment entire 
areas of rock, in this work done by applying a Gaussian filter. The size 
adjustment of the filter to match the field of view appears to have 
worked as intended and all images were possible to segment automati-
cally after this step, see Fig. 14. 

Fig. 8. Comparison of segmented rock 
coverage (highlighted) of samples run 
against different rocks. Field of view 60 μm. 
a) Sample run against granite, backscatter 
detector, 2 kV acceleration voltage: 0.41 
area fraction, b) Sample run against sand-
stone, backscatter detector, 2 kV accelera-
tion voltage: 0.52 area fraction, c) Sample 
run against granite, backscatter detector, 10 
kV acceleration voltage: 0.32 area fraction, 
and d) Sample run against sandstone, back-
scatter detector, 10 kV acceleration voltage: 
0.35 area fraction.   

Fig. 9. Comparison of segmented rock coverage 
of images acquired of the same area, 6 kV ac-
celeration voltage, with a) backscatter detector: 
0.34 area fraction, or b) ET detector: 0.44 area 
fraction. Highlighting the segmented areas show 
two competing errors in the segmentation of the 
ET images. Parts of the adhered rock are imaged 
as brighter, either due to charging or the surfaces 
being tilted towards the detector – leading to 
under segmentation. This effect is however more 
than compensated by binder (Co) being identi-
fied as rock in the segmentation, resulting in 
higher total area fraction.   

Fig. 10. Thickness map of segmented rock coverage. The difference between the segmentation results for different acceleration voltage show the thickness variation 
of the adhered rock. Sample run against granite, field of view 30 μm, backscatter detector. a) Acceleration voltage 2 kV, b) acceleration voltage 10 kV, and c) 
Thickness map (tilted view) constructed by taking the difference of all segmentation results from 2 to 10 kV, in steps of 1 kV. Grey scale correlates to thickness of 
adhered layer of 40–420 nm (according to Fig. 5b). The thickness values are set from the maximum depth values from the simulations in pure SiO2. Darkest area in 
thickness map indicates no rock coverage segmented even for lowest acceleration voltage. Brightest area indicates that the adhered rock is at least 420 nm thick as it 
is segmented as rock even with the highest acceleration voltage. 
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4. Conclusions 

The present work presents a new technique offering detailed infor-
mation regarding the area fraction and thickness distribution of transfer 
layers. It shows the strength of combining smart use of the SEM with 
automated image analysis. For the present application, rock transfer to 
rock drill surfaces, this information can bring valuable understanding to 
the role of rock transfer in wear and wear protection of rock drill 

buttons. The methods can, with some adaptation and calibration, also be 
used to investigate other cases with thin films of lighter elements 
covering surfaces of heavier elements, where thickness mapping is of 
interest. 

Since the sample run against granite appears to be more covered by 
rock material, it is easy to draw the conclusion that this would have a 
protective effect. However, as the results show, upon closer investiga-
tion the surfaces of the samples are very similar regarding rock coverage 

Fig. 11. Example of image analysis up to registration for sample run against granite, field of view 30 μm. a) Image acquisition, acceleration voltage 6 kV and 
backscatter detector. b) Contrast enhancement. c) Image registration to compensate for e.g. rotation and translation. d) Image acquired with 10 kV acceleration 
voltage and ET detector used as fixed image in the registration. 

Fig. 12. Example of continued image analysis up to segmentation. a) Image in Fig. 11c is cropped to remove dead space resulting from registration. b) Noise 
reduction by applying a Gaussian filter. c) Segmentation of rock coverage by finding a threshold using Otsu’s method. The final value of rock coverage is 0.34 
area fraction. 

Fig. 13. Montage to show the quality of the segmentation of rock coverage. a) Cropped image after registration, and b) over layered with segmentation result (0.34 
area fraction of the surface measured to be adhered rock). 
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at higher magnifications. It is more likely that the sandstone is more 
aggressive against the cemented carbide in some other way. More severe 
CoSi2 formation is a possible explanation, as suggested by Jones et al. 
[21] and Momeni et al. [22], thus not allowing larger areas of adhered 
rock to build up as for granite, even visible at lower magnification with 
LOM. 

The Monte Carlo simulations of the electron trajectories indicate that 
when the electrons have enough energy to be backscattered through a 
thin layer of lighter elements, there is a spike in backscattering from the 
heavier elements beneath. As the energy is increased even more the 
backscattering becomes more and more similar to the thin layer not 
being present at all. The results in this work indicate that 0.3 area 
fraction of the surfaces are covered with rock at least 420 nm thick and 
0.5 area fraction with rock at least 15 nm thick. This is not necessarily 
the exact truth since some areas of the adhered rock are becoming 
somewhat diffuse as the acceleration voltage is increased. Part of the 
signal must be stemming from the WC through the rock layer – but the 
areas are still mostly segmented as rock. The calculations are also based 
on a pure and dense SiO2 layer, while the actual adhered layer has a 
more complicated composition and is not a perfect, dense material. 
Another source of uncertainty is that the simulations are of pure WC 
while the samples have 20 vol % Co binder, which might underestimate 
the thickness of the adhered layer. To make more accurate measure-
ments of the thickness, calibration against cross sections would be 
needed, which was not possible in this work. However, the results do 
indicate that the accuracy could be increased with such calibration, or 
comparison to standardized samples of known thickness and composi-
tion. The exact thickness is not known, but the results show a variation 
in thickness. This is mostly a thinning towards the edges of the adhered 
rock areas, rather than differences between the individual areas within 
the wear scar. 

The methods used in this work are not exclusive to rock adhering to 
cemented carbide surfaces. The presence of thin layers of adhered ma-
terial, tribofilms, third bodies, consisting of lighter elements on top of 
heavier elements is not uncommon in tribology. With some adaptation 
and calibration, the described type of analysis could be useful in many 
cases. Care must be taken when acquiring the images, with detectors and 
settings to achieve a contrast between what is to be separated in the 
image analysis. Other effects contributing to the contrast, as seen in the 
images acquired with the ET detector, should be avoided. The regis-
tration can be difficult but is a necessary step to compare the same area, 
which facilitates more options for the later analysis of the results, such as 
mapping the thickness. In this work, the accuracy of the measurements 
were somewhat neglected to make it possible to vary more parameters. 

With the method set up and more narrow parameters, it is possible to 
instead analyse more areas to achieve a greater accuracy of the 
measurements. 
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