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ABSTRACT  8 

The CR-39 solid state passive nuclear track detector is a popular method to measure 
charged particle such as alpha and protons and uncharged particles such as neutrons, due 
to its low cost, robustness, track permanence, and insensitivity to Gamma, X-ray, Beta and 
Electromagnetic waves. 
Traditional methods for processing CR-39 involve manual counting of the damage trails in 
the detector using an optical microscope, however, such methods are labor intensive and 
highly operator dependent. 
The main aim of this research is to develop an affordable and fast automatic CR-39 track 

counting system. A set of CR-39 detectors with dimensions of 1.5 × 1.3 cm were exposed to 
226

Ra with an activity of 122 KBq for different periods of time. A full digital Microscope with 
LCD monitor of an area of 3.5” which acts as a 10x eyepiece were used to capture the 
images from the detectors.  
Three thresholds (size, Optical Density (OD) and circularity of the tracks) were applied to 
identify these tracks and facilitating counting them. The automatic system was compared 
then to the manual counting method for verification. The system showed good ability to find 
and count elliptical tracks using a simple algorithm depending on their circularity values. This 
system was seen to analyze the tracks effectively, taking less than one minute per detector. 
The system is almost fully automatic, fast and affordable.  
 9 
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1. INTRODUCTION  12 
One of the famous discovered detectors of SSNTDs’ family is CR-39 detector

 [1]
. CR-39 is 13 

constructed from a polyallyl diglycol carbonate (C12H18O7) which has a density of (1.3 14 
g/cm

3
)
[2]

. 15 
Over the last few years, the CR-39 track detector has become a popular method to measure 16 
charged particles. It is known that the CR-39 detector is a transparent plate having an 17 
energy limit up to 50 MeV that also has the ability to detect low energy protons and fast 18 
neutrons 

[3
,
4]
. The most important advantage of using CR-39 is preserving the tracks for a 19 

long time and does not break-down with time. 20 
Developing an automated counting system to reduce the time needed to count the tracks at 21 
a low cost and with a user friendly interface has become an important requirement, 22 
especially as the traditional methods for processing CR-39 involve manual counting using a 23 
conventional optical microscope which is labor intensive, highly operator dependent and is 24 
affected significantly by personal error.  25 
The aim objective of this study was to develop an inexpensive automatic counting system to 26 
count the tracks by CR-39 detectors; this will improve the counting procedure in a fast and 27 
reproducible way in comparison to the manual method. 28 
The interaction of the heavy charged particles with the CR-39 detector leaves a pit on the 29 
surface of the detector by breaking the bonds between molecules. This narrow trail of 30 
damage has a Nano-Scale diameter and a length equal to the range of the particle in the 31 
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solid; therefore it cannot be seen by the naked eye. Particle tracks are then made visible to a 32 
light microscope by chemical etching in hot, concentrated alkali solutions

[4]
. 33 

All CR-39 detectors have background defects and artifacts which will be enlarged and 34 
become clearer after etching process. It is important to distinguish between these defects 35 
and the real tracks to obtain accurate track concentrations. Figure 1 shows an example of 36 
artifacts and fake tracks such as scratches, bubbles and defects caused during the 37 
manufacturing process. 38 
 39 
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 47 

Fig. 1. A scene of a CR-39 detector showing different kinds of 48 
track shapes and defects. 49 

 50 
The major unique characteristics of the tracks is that most of the real tracks have higher 51 
Optical Densities (ODs) or darker colors in comparison to the defects and can be detected 52 
easily using a normal light microscope. 53 
The second most important characteristic of a real track is that it has a uniform shape 54 
(circular or elliptical). The circle shape means that the particles falls vertically on the detector 55 
and the elliptical one means that the particles fall with an incident angle. 56 
The third property is the diameter. Normally, the diameter is impacted mostly by the used 57 
etchant solution, time of etching, the etchant temperature and the energy of the incident 58 
particle

[4]
.  59 

In general, high particle energy increases the diameter of the full etched track using an 60 
appropriate etching conditions such as the type, mass and the temperature of the etchant for 61 
sufficient time, and can enlarge the diameter of the tracks by a factor of (10

2
 -10

3
) 

[5, 6]
. 62 

Typically, the diameter of the etched tracks range from a few µm to 50 µm and increase with 63 
increasing etching times. 64 
In this study, image processing deals with the image taken by the digital microscope to 65 
differentiate and count the genuine tracks appearing on the detector’s surface by taking into 66 
account the tracks properties. 67 
Digital image processing includes digitally analyzing the imported image in order to enhance 68 
the output image. The digital image is a 2D image consisting of a specific number of picture 69 
elements “pixels”, in grayscale or RGB color format

[7]
. 70 

One of the image processing methods is restoration, which means to return the image to its 71 
original state that is affected by degradations; these degradations might be motion blur, 72 
noise …etc. In this study, it was assumed that there was no blurring in the image, only noise. 73 
The authors developed a new system using MATLAB

®
 software to detect and count the 74 

tracks on the CR-39 detectors. Many other systems have been previously developed 75 
regarding this issue using various software methods and different criteria. 76 
Almost all of the researchers used the same exposing conditions for the CR-39 detectors 77 
and the same etching methods, whilst changing both etching temperature and time to 78 
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optimize the clarity of the etched tracks. Various software methods were then used to count 79 
these tracks. 80 
In previous articles, radon environments, alpha, neutron and proton particles were used to 81 
irradiate several of SSNTD detectors, including CR-39

[8, 9, 10, 11, 12]
. 82 

The CR-39 detectors were exposed to alpha particles to find the best etching parameters
[8]

. 83 
Their system used the circularity property of the tracks’ shape to find the real tracks using 84 

the roundness formula [perimeter
2
/(4.π.Area)]. The lower limit of roundness was set to 1 85 

which is equal to disk shape. This limits the system to count only the circle tracks that fall in 86 
semi-vertical angle and ignoring the oval and the overlapped tracks. 87 
Most track-reading systems use conventional optical microscopes with 10X magnification of 88 
the eyepiece lens, 100X maximum magnification of the objective lens, up to 1000X total 89 
magnification power and a high resolution charge coupled device (CCD) camera to capture 90 
the magnified picture

[13]
. 91 

Some other systems use a film scanner
[9]

 to scan the whole detector instead of using a light 92 
microscope and CCD camera, the resulting image is then analyzed using special software 93 
designed for this purpose. 94 
In the majority of studies, commercial software packages such as Image-Pro Plus version 95 
4.0

[8, 11]
 and free open sources software as Image-J software

[9]
 were used for automatic track 96 

counting. Some of the more developed systems used Monte Carlo simulation to count the 97 
overlapping tracks

[12]
, whereas others used MATLAB

®
 to develop their own program

[10]
. 98 

A system based on Field of View (FOV) using a CCD digital video camera and optical 99 
microscope was constructed

[14]
. The principle of this system is that the FOV covers the 100 

largest possible area of the detector; this depends on the magnification of the objective lens 101 
and the resolution of the CCD camera. 102 
This system uses the commercial software (Image-J) that can be downloaded free from the 103 
internet, to analyze the images captured by the CCD camera. A fixed gray threshold is used 104 
in evaluating the images which is selected manually for the first track readout; it is then used 105 
automatically when reading the rest of the images.  106 
Based on the previous studies and investigations, this study is aimed to develop an 107 
inexpensive automatic counting system to count the resulting tracks and measure their 108 
concentrations. This objective was implemented throughout this study by developing system 109 
software which automatically counts and characterizes ion tracks from digitized light 110 
microscopy images of irradiated CR-39 to alpha particles. Then, validate this software, by 111 
comparing the obtained results with the manual ones. 112 
 113 

2. MATERIAL AND METHODS  114 

The CR-39 detectors shown in Figure 2A, (1.5 × 1.3 cm cross section and 1 mm thickness) 115 
manufactured by TASL, UK was used and pasted in the bottom of a small plastic chamber 116 
having many holes on its cover that closed tightly with PVC tape to prevent the entry of 117 
radon decay products

[4, 8]
.  118 

One of the common methods to measure radon activity in the air was performed in Syrian 119 
Atomic Energy Commission by using a standard radon cell of 700 liters and a 

226
Ra source 120 

of 122 KBq activities. The concentration of the radon inside the cell after equilibrium was 170 121 
KBq/m

3
.  122 

 123 

 124 

Fig. 2. The materials and equipment used in this study. 125 

 126 
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Six random CR-39 detectors were chosen, where five of them were inserted into the 127 
standard radon cell for different exposure times (1, 2, 4, 8 and 13 hours), while the last 128 
detector was kept outside to measure the background. 129 
A chemical etching solution with a specific concentration of 6 M (240 g) NaOH (Figure 2B) 130 
was used in this study as it is the most commonly used etchant. The amount of NaOH (240 131 
g) was fully dissolved in 1 liter of water. The detectors then were immersed in the etching 132 
solution for 7 hours at temperature of 70 

o
C 

[4]
. 133 

20 scenes were captured from each detector using a digital microscope (Figure 2C) with no 134 
eye piece but LCD monitor with an area of 3.5” that acts as a 10x eyepiece. The 135 
magnification used was 40X with a scene area of 0.013 cm

2
 measured by the micro ruler 136 

(Figure 2D) and with an output image resolution of 800 × 600.  137 
Manual counting was carried out by counting the tracks on each scene where the average 138 
was taken for every single detector.  139 
For the automatic counting, the MATLAB

®
 software was used to develop a program that can 140 

read and count the tracks from the CR-39 detectors by de-noising the image from the 141 
defects and any objects except the real tracks to achieve clear and acceptable images. The 142 
images were converted to grayscale to keep the illumination and remove the hue and 143 
saturation data. 144 
Denoising the images in this study was carried out by applying three thresholds. Firstly, the 145 
binary value threshold was changed manually as shown in Figure 3, until most of the noise 146 
degradations on the image disappear and the maximum number of tracks appears where the 147 
best value of the binary threshold is selected. As seen from the figure, the user changed the 148 
binary value so as much as tracks appear on the image. The chosen threshold was 149 
respectively 15, 55 and 102 for the images b, c and d. 150 
 151 

 152 
 153 

Fig. 3. Changing the binary threshold manually. 154 
 155 
Secondly, the size threshold used to remove any objects that have an area less than 26 156 
pixels and higher than 201 pixels. The area of the circular and elliptical tracks was 157 
measured; the maximum pixel area of the track was about 201 pixels for a maximum 158 
diameter of 40 µm and 26 pixels for a minimum diameter of 10 µm. Figure 4 shows the size 159 
threshold used in the system to eliminate the objects that were not within this size threshold. 160 
Thirdly, the circularity threshold was applied to differentiate between any defects that similar 161 
to the real tracks in shape and still within the size threshold. The circularity threshold was set 162 
to 0.75. The circularity or roundness R was calculated in the system by using the following 163 
formula

[15]
:  164 

2

.4

Perimeter

Areaπ
R ====                              Eq. 1 165 

where the Area is the object’s area and the Perimeter is its circumference. When R is equal 166 
to one, the object is a circle but a value less than one means that the roundness of the 167 
object deviates from a circle

[15]
. 168 

 169 
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 170 
Fig. 4. The diameter and pixel area of maximum and minimum sized tracks. 171 

 172 
Finally, the tracks were counted one by one after applying the three thresholds (binary, size 173 
and circularity thresholds) on each object in the image. Figure 5 shows the tracks counted by 174 
the automated system, where the tracks are surrounded by black lines and the numbers in 175 
yellow represent their circularity values, the uncounted objects are surrounded by white 176 
lines, while Figure 6 describes the steps that followed to count the tracks where Figure 6a 177 
describes the original image is taken using a digital microscope, Figure 6b shows image 178 
conversion to grayscale, Figure 6c illustrates denoising the image by binary threshold and 179 
Figure 6d shows inversing the color of the image to black and white and vice versa.  180 
 181 

 182 
Fig. 5. The resulted image of the automatic counting. 183 

 184 

 185 
Fig. 6. The mechanism steps of the automatic counting program.  186 

 187 
 188 

3. RESULTS AND DISCUSSION 189 
The tracks on the images were counted manually and were also counted automatically by 190 
the system. The total background count from the manual counting and automated counting 191 
for 20 scenes in the unexposed detector was subtracted from the total counts in each 192 
detector. Table 1 shows the results of the manual and automated counts. The maximum 193 
time required to count the tracks on each detector was about 10 minutes for the manual 194 
counts and only 40 seconds for the automated counts. The difference in reading between 195 
manual and automatic counting that listed in table 1, showed insignificant values between 196 
the two reading methods. In addition, the t-test for two-sample assuming unequal variances 197 
was used to compare between the readings in both methods. The P-value was higher than 198 
0.05 (t-test: P-value for 2-tails = 0.99) that showed insignificant difference between the 199 
manual and automatic counting. 200 
  201 

Table 1 The results obtained by the automatic counting system 202 
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Exposure Time 
(hr) 

Manual Counting 
(20 scenes) 

Auto Counting 
(20 scenes) 

Difference in 
reading 

1 516 550 6.18% 

2 1094 1124 207% 

4 2976 2927 1.7% 

8 5857 5857 0.0% 

13 10713 10602 1.0% 

 203 
The denoising of the images in this project was not accomplished by filters or transform 204 
properties; the program used depends on three thresholds, the binary threshold, and the 205 
size of the track and finally the circularity of the track to achieve a clear and acceptable 206 
image. Denoising the image means to remove the scratches, bubbles and small dots that 207 
are caused by the camera or the detector itself. They can be noticed easily as these fake 208 
tracks have optical densities lower than those of the real tracks made by the radiation 209 
particles, as illustrated in Figures 1. The binary threshold value entered manually by the 210 
user, which still observer dependent is considered as one of the system limitation. 211 
The tracks are usually having low OD, which their colors are close to black or very dark gray. 212 
Adjusting the binary threshold value will eliminate all unwanted shapes by replacing all pixels 213 
that having an illumination greater than the threshold value with the value of 1 and all the 214 
other pixels with the value of 0 as illustrated in Figure 3. 215 
The incident angle of the particles will affect the shape of the tracks; it will appear clearly if 216 

the incident angle is very close to the critical angle θc (Figure 7) but not equal to or less than 217 
this angle

[9, 4]
. 218 

 219 

 220 
Fig. 7. The effect of the incident angle of the particles inside the detector 221 

 222 
In etching process, the incident particle tracks with angles closer to the critical angle will be 223 
scratched out and will mask the ends of the tracks that are adjacent to the etching area 224 
which will affect the counting of tracks that have brightness closer to the defect’s OD. The 225 
binary threshold value will consider these as defects and will remove them as they are larger 226 
than the threshold; the loss of these tracks is considered as another limitation of this system.  227 
As maintained practically in this study by testing different circularity threshold values that the 228 
optimization of the threshold resulted in a value of 0.75, this is sufficient for the detection of 229 
circular and elliptical tracks. Any object having values less than this threshold will not be 230 
considered as a track. Figure 5 shows the counted tracks surrounded by black lines and the 231 
uncounted ones surrounded by white lines, depending on their circularity. 232 
From the graph in Figure 8 of manual and automatic counting for the images resulting from 233 
the digital microscope, it can be observed that the difference between the two methods is 234 
small and could be neglected. 235 
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 236 
Fig. 8. The manual and automatic counting for the same captured images 237 

 238 

4. CONCLUSION 239 
By using MATLAB® software, an automatic system that can count the tracks on the CR-39 240 
was developed. The automatic system was also compared to manual counting methods for 241 
verification. 242 
The tracks were classified after separating the tracks from the background and removing 243 
those which have lower intensity and ignoring the tracks are not corresponded with the 244 
threshold value.  245 
This system was shown to be an effective of analyzing the tracks in time less than one 246 
minute per detector comparing with the manual counting that take more half an hour per 247 
detector. 248 
 249 

 250 
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