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Abstract : This study is an extended research done by the research team based on their recently published
research. The aim of this study is to verify a system software that was developed and verified using only one
digital microscope with high specification as described in the previously published research, which
automatically counts and characterizes ion tracks of irradiated CR-39 to alpha particles, by comparing the
output images that were obtained from two different digital microscope models with different specifications.

In this current research, two microscopes are used to capture the images of the detectors. The first one is a
traditional light microscope with a digital camera connected to the eyepiece. The second microscope is a fully
digital one with an LCD monitor with an area of 3.5” which acts as a 10x eyepiece. TWO image resolutions of
0.3 Megapixels from the first microscope and 2.0 Megapixels from the second one are used. The same
magnification is used for both microscopes. The manual counting is then compared with the automatic counting
in both output images from both different microscopes. The automatic system was compared to the manual
counting method for verification; it was found that low illumination uniformity of the images from one of the
microscopes reduced the number of counted tracks, whilst good distribution of illumination from the other
microscope promoted counting (both manual and automatic). Thence, it can be concluded that the system is
highly dependent on image clearness. Additionally, the system showed the ability to count the tracks on different
resolutions.
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I.  Introduction

Solid state nuclear track detectors (SSNTDs) are a solid substance (plastic, glass or crystal) used for the
detection of etched tracks formed due to the interaction of charged particles and neutrons inside this material.
These detectors are usually insensitive to beta or gamma radiation. Many types of SSNTDs are available with
varying sensitivities, such as polycarbonates, polyallyl diglycol carbonate and cellulose nitrates also known as
MKE, CR-39 and CN-85 or LR-115 respectively 4,

As a non-volatile material, SSNTD can retain the tracks indefinitely due to being unaffected by

temperature variations, light and humidity and they work as passive detectors where external energy is not
necessary. In addition, they are inexpensive, robust and insensitive to electromagnetic waves as well [ %1,
Due to these advantages they have many applications such as radon concentration measurements in houses and
mines, studies on cosmic rays, and dosimetry in nuclear power plants. These are in addition to their applications
in radiotherapy facilities and geology where they are used for earthquake prediction and volcanic surveillance >
4]

The tracks are initially too small to be visible under traditional light microscopes. The tracks are made
visible using a suitable chemical etchant solution, usually sodium hydroxide (NaOH) or potassium hydroxide
(KOH). Etching solutions enlarge the diameter of the tracks so that it can be seen under a traditional light
microscope.

Counting the tracks on such detectors is difficult due to many factors, such as artifact degradations,
overlapping of tracks and the size of the tracks which depends on the energy of the incident particles, the
concentration of the chemical solution and the etching time [,

Over the last few years, the CR-39 track detector has become a popular method to measure charged
particles and neutrons. As the use of CR-39 detectors increased, the number of computerized track-counting
systems has also increased.

The main target of this study was to verify the system software, which automatically counts and
characterizes ion tracks of irradiated CR-39 to alpha particles by comparing the output images that are obtained
from two different digital microscope models with different specifications. This software was developed and
verified using only one digital microscope with high specification [,
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Il.  Literature

The CR-39 detector is very sensitive to charged particles and can record both protons and fast neutrons
that have tracks of wide energy, ranging from several eVs to tens of MeV [2 71, The CR-39, as a passive detector,
has the advantages of being an inexpensive, durable and transparent material that interacts with charged
particles and neutrons, whilst not being sensitive to gamma, beta and electromagnetic radiation.

These particles ionize the detector along the track that they pass. This ionization process will create
free radicals which cause damage inside the detector in the form of a “latent track”. These tracks having
diameters of less than 1 um cannot be observed with the traditional light microscope [; therefore, a process
called track etching or track visualization is carried out by exposing the detector to chemicals which etch the
detector’s surface and the pits resulting from the charged particles. This makes them larger, so they can then be
seen using a conventional light microscope. This etching effect is called the “track effect” [,

Throughout this project a number of CR-39 detectors were irradiated to a radon source, the radon
concentration was determined and related to the track density (track per area). The calibration of these detectors
was performed by exposing them to a known concentration of radon, then constructing a calibration curve to be
used as a reference for the radon concentration in future unknown samples 19,

In general, one of the disadvantages of the CR-39 is that it has some background radiation caused by
radon particles in the air as well as the backgrounds’ artifacts, such as blebs and scratches on the detector’s
surface which become clearer with an etching process.

Most of the real tracks have higher OD (darker colors) in comparison to the defects, as shown in Figure
1. This can be used in the automatic system, by converting the image to binary mode and entering a binary
threshold to eliminate the defects.

In general, the angle of incident particles will determine whether the tracks will appear on the detector
or not, and will identify the tracks’ shape (circular or elliptical) as shown in Figure 1. It is shown that the
artifacts are similar to the tracks but with different OD. The different sizes of real tracks are caused by different
particle energies.

The track diameter can be affected by the energy of the incident particle; higher energies will increase
the diameter of the fully etched track. Thus, the energy loss per unit path (dE /dx) decreases with higher

energies due to the increase in the penetration and the short interaction time 1, where dx is the penetrating
distance and dE is the mean energy of the particles being transferred to the material !. Short etching times may
not cause all the tracks to show or will have small diameters even at high energies.

Artifacts

Circle and
elliptical tracks

Fig. 1 Image of a detector having circular tracks, elliptical tracks and defects.

Image processing is used in many developed automatic counting software to improve the output image
to get the tracks counted. One of the image processing methods is restoration, which is demonstrated in Figure

2. The input image f(x, ¥) has several kinds of degradations; the function g(x.¥) and other corrections
are applied on this image in order to produce the enhanced output image f(x,¥) .
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Fig. 2 Diagram illustrating the restoration model

It was assumed that these defects were considered as noise with the absence of any other degradation
factor such as motion blurring.

The characteristics of the tracks mentioned above were used to build a system to count the tracks
depending on the size, optical density and circularity thresholds.

Many researchers used the same etchant chemicals and etching process as well as the same detectors
and irradiating conditions. Many Automatic counting systems have been introduced 1. They used either their
own developed software or commercial software packages such as Image-Pro v.4.0 or free downloadable
Image-J software.

Most of those systems were counting the tracks and ignoring the overlapped ones.

An interesting program called TRACK Il created by Patiris, Blekas, & loannides (2007) using
MATLAB® depends significantly on the track radius, brightness and track orientation. One of this program’s
features is counting the overlapped tracks using the Hough transform to find the strongest peak in the
overlapped shape (which is either circular or elliptical); the number of these peaks represents the number of
overlapped tracks. This is very time-consuming as at each overlap the strongest peak must be found; Figure 3
demonstrates this method.

The concept of analyzing the images using this software is that each data point has a pixel intensity
value depending on an algorithm called the K-means that minimizes the intensity from the data points in the
image to their closest center; it depends on the number of clusters available which must be entered by the user.
The user must also enter a size threshold, where objects having sizes less than this threshold are not taken into
consideration.

The current study aims to show that the developed automatic counting system that was tested and
verified using only one high-specification digital microscope by M. Alssabbagh and B. Z. Shakhreet (2016) can
detect and count the tracks on two different image resolutions taken by different microscopes.

(a) (b) (c)
Fig. 3 The strongest peak in the overlapped tracks. “(a) An object composed of three overlapped tracks. (b) An
estimation of the object’s edges. (c) The Hough transform detects three tracks, as the accumulator function has 3

major peaks” [4,

I11.  Methodology
The same CR-39 detectors that were used by M. Alssabbagh and B. Z. Shakhreet (2016) were used in
this study. The tracks that resulted from radon particles were counted manually and then compared to the results
produced by the automatic counting system for validation purposes. Two microscopes with digital cameras were
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used to capture the images of the detectors. The first one was a traditional light microscope with a digital camera
connected to the eye piece with an image resolution of 0.3 Megapixels. The second microscope is the same one
that was used by M. Alssabbagh and B. Z. Shakhreet (2016) which has an image resolution of 2.0 Megapixels.

The magnification used in the first microscope was 40X with a scene area of 0.0038 cm? and a
resolution of 640 x 480, while the second one is also 40X with a scene area of 0.013 cm? and a resolution of 800
% 600. The second microscope has a larger scene area than the first one. A new set of images is taken by the first
microscope, where manual and automatic counting were performed for the images taken from both microscopes.

By measuring the pixelated size of tracks in the new images, they were found to have relatively the
same values to those of the images taken by the second microscope (2.0 Megapixels), as well as that they have
the same zoom magnification. The threshold size is fixed and unaltered.

Similarly, in this study, the same procedure that was applied by M. Alssabbagh and B. Z. Shakhreet
(2016) to count the tracks manually and automatically from the images of both microscopes was adopted. For
the automatic counting, the same thresholds (binary, size and circularity) were applied.

The total area of the 20 pictures (scenes) that was captured for each individual detector from the first
and second microscopes is 0.076 cm? and 0.26 cm? respectively.
To calculate the concentration (density) of tracks on each detector, the following equation is applied:

N+J/N
A

D 1)

where D is the track density on the detector (Tr/cm?), N is the total number of counted tracks from all scenes
after subtraction of the background and A is the scene area of all scenes (cm?). The square root of the total

tracks «/ N is equal to the error of these tracks 2.
The calibration curves are then plotted for manual and automatic counting of the images from each microscope.

IV.  Results and Discussion

This system was used for two different images resolutions. The first type of images had 0.3 Megapixels
for the first microscope while the second type of images had 2.0 Megapixels for the second microscope. The
standard radon cell of 700 litters in the Syrian Atomic Energy Commission was used to measure the radon
activity in the air. A stable concentration of radon in the standard radon cell is reached after equilibrium; this is
equaled to 170 KBg/m?. The concentration of radon inside the cell is then measured from different period times
(1, 2, 4, 8 and 13 hours).

The most important factor affecting the clearness of the images is the illumination. A significant
number of real tracks were lost in the images taken by the first microscope when adjusting the binary threshold,
due to the increased size of black edges which result from the non-uniform distribution of the microscope’s
illumination, making the track detection difficult both manually and automatically.

Figure 4-a shows that the black edges are graded from outside to inside (the images taken by the first
microscope), while in Figure 4-b (the images taken by the second microscope) the illumination was distributed
uniformly.
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Fig. 4 Tracks as appeared from the two microscopes.
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When reducing the binary threshold, the gradient edges became black, as seen in Figures 5 and 6 from
both microscopes; covering the tracks under them which in turn led to a reduction in the number of counted
tracks. It is illustrated in Figure 5 that the usage of different threshold values will have an effect on the track
appearance. The reducing threshold will mask more tracks especially the ones near to the edges while increasing
the threshold will cause the tracks to fade, especially the small ones. The chosen thresholds are 90, 130 and 160
for the images a, b and c respectively.

On the other hand, Figure 6 shows that the clearness of the taken image and usage of a suitable
threshold value will affect the counted tracks. As it can be noticed here, image (c) is the best choice. The chosen
binary thresholds are 90, 130 and 160 for the images a, b and c respectively.
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Fig. 6 Binary threshold on an image from the second microscope with no black edges.

The track concentrations of manual and automatic counting from the first microscope (0.3 Megapixels)
were tabulated in Table 1. The number of tracks counted automatically dropped sharply compared to those
counted manually, particularly for the detectors with high exposure times. This is due to a loss of a large amount
of tracks which were masked under the black edges during automatic counting. The observer could manually
differentiate the tracks in the graded black area in the grayscale image but at the cost of counting time.

Table 1 The tracks concentration of manual and automatically counted tracks on each detector from the first
microscope.

Exposure time Manual Counting Automatic Counting Radon Exp. kBg.h/m?®
(hr) Track density + Error Track density + Error (standard radon cell)
(Tr.Cm?) (Tr.Cm?)
1 973 £113 1434 +131 170
2 1671 + 148 2421 £ 174 340
4 3052 + 200 3789 + 219 680
8 5434 + 267 6144 + 281 1360
13 9157 + 347 868 + 99 2210

As seen in the calibration curves of the manual and automatic counting of the first microscopes’ images
(Figures 7 and 8), the manual counting is more precise than the automatic one due to the poor clarity of the
images. The slopes for both figures represent the calibration coefficient. The detected track using the manual
method depends on the user’s vision but at the expense of time (approximately 20 - 30 min. for each detector)
and human error. In contrast, the automatic method is not time-consuming at all (~40 seconds for each detector),
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but it is at the expense of the precision of the counted tracks. The decrease in the number of counted tracks is
due to the images not being clear which results in a low calibration coefficient (2.89 compared to 4.15 for
manual counting).
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Fig. 7 Calibration curve for manual counting.
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Fig. 8 Calibration curve for automatic counting.

Compared to the set of images taken by the second microscope (2.0 Megapixels), the manual and
automatic counting are significantly enhanced. Table 2 shows the increase in track counts using manual
counting; approximately the same numbers were obtained by the automatic system. This may indicate the
superiority of natively digital microscopes versus traditional optical microscopes with a digitizer attachment;
whereas the second one is lower in price and easier to use. The calibration curves from the second microscope
can be seen in Figures 9 and 10, which show very similar calibration coefficients from both methods (4.65 for
manual counting and 4.61 for automatic counting).

Table 2. The tracks concentration of each detector using the second microscope.

Exposure time Manual Counting Automatic Counting | Radon Exp. kBg.h/m?
(hr) Track density + Error | Track density = Error | (standard radon cell)
(Tr.Cm?) (Tr.Cm?)
1 516 + 152 550 + 157 170
2 1094 + 222 1124 + 225 340
4 2976 + 367 2927 + 363 680
8 5857 + 514 5857 + 514 1360
13 10713 + 599 10602 + 692 2210
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It is clear from both the manual and automated results from both microscopes that the number of tracks
counted is affected significantly by the clarity of the image, hence, the lower the number of counted tracks the
higher the error.

12000.00 -
.
10000.00 y=4.5991x 1071
] R?=0.9892
o~ |
£ 8000.00
-
L=
£ 6000.00 -
Z
wy
o
& 4000.00 -
2000.00 -
0.00 - | | | | |
0 500 1000 1500 2000 2500
Radon Cons. (KBg.hr/cm3)

Fig. 9 Manual track counting calibration curve (using the new microscope).
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Fig. 10 Automatic track counting calibration curve (using the new microscope).

From the graphs in Figures 7, 8, 9 and 10 of manual and automatic counting for the images resulting
from both the first and second microscope, it is observed that the relationship between radon exposure and track
density is linear.

V.  Conclusion

This system was used on two different image resolutions. A resolution of 0.3 Megapixels was used for
the images of the first microscope and 2.0 Megapixels for the images of the second microscope. The system
showed the ability to count the tracks on both resolutions.

The weakness of illumination uniformity in the first images influenced the number of counted tracks.
Meanwhile, in the second images, the good distribution of the illumination promoted the counting in the two
methods, namely the manual and automatic counting. Therefore, the system is highly dependent on the clarity or
clearness of the image.
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