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ABSTRACT 

A review is accomplished on the Softcomputing approaches in the field of nuclear track measurements for 

polymer solid state nuclear track detectors which have been commonly used for passive dosimetry 

applications. Several works presented in the last two decades were addressed. A general scheme of a 

Softcomputing method for nuclear track measurement is expressed from a global viewpoint.  
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INTRODUCTION 

Different experimental techniques have been developed and used for the counting of chemically etched 

tracks in SSNTDs. These techniques are usually divided into two categories: “manual” and automatic 

track counting. The “manual” track counting modes (like visual counting by a transmitted light 

microscope, hand tagging of tracks on the image projected on paper, etc.) are rather time consuming. The 

automatic track counting is impeded by the relatively small size of the chemically etched tracks in the 

widely used SSNTDs. Popular approaches employ automatic optical image analysis by scanning optical 

microscope systems (Durrani and Bull, 1987; Chou et al., 1981). This mode of counting is not much less 

time consuming than the “manual” modes, since normally more than one field is to be counted, and the 

image must be focused on each separate field. Commercially available image analyzer instruments like 

the Quantimet 720, Leitz-TAS, FAOM, SCION and TRIAC are also used for track counting (Azimi-

Garakani, 1984; Dolleiser and Hashemi-Nezhad, 2002; Arias et al., 2005; Patiris et al., 2006). Other 

approaches are based on photometry (Monnin, 1980) or on the obstructed total internal reflection of light 

(TIR) (Harvey and Weeks, 1987; Popov and Pressyanov, 1997). The approach involving photometry is 

restricted only to high track densities. The method based on the obstructed TIR requires specially 

designed optical systems and fine positioning of every detector studied. 

Literature Review 

With more than three decades of research and experience in Solid State Nuclear Track Detection, 

Professor M. Sohrabi has an enriched background in the use of solid state detectors as a dosimeter in 

individual monitoring, workplace monitoring and environmental monitoring. As presented in an early 

work, fission fragments of 237Np in a fast neutron personnel monitoring device have been registered by a 

thin sheet of polycarbonate besides the tracks formed by the recoil of fast neutrons with hydrogen atoms 

of the polycarbonate in a mechanism of the instrument presented by Sohrabi and Becker (Sohrabi and 

Becker, 1972). Several other works have been presented by Sohrabi and his co-workers in development of 

personnel dosimeters and monitoring devices which uses a polycarbonate/LR-115/CR-39 detector with 

the chemical or electrochemical etching process (Sohrabi and Becker, 1972; Sohrabi and Morgan, 1974; 

Sohrabi and Morgan, 1975; Sohrabi and Morgan, 1976a; Sohrabi and Morgan, 1976b; Sohrabi and 

Morgan, 1978; Sohrabi, 1979a; Sohrabi and Morgan, 1979b; Sohrabi, 1979c; Sohrabi, 1980; Sohrabi and 

Khajeian, 1981; Sohrabi and Khajeian, 1984a; Sohrabi and Khajeian, 1984b; Sohrabi, 1985a; Sohrabi, 

1985b; Sohrabi, 1986a; Sohrabi and Shirazi, 1986b; Sohrabi and Zainali, 1986c; Sohrabi and 

Khoshnoodi, 1986d; Sohrabi, 1987; Sohrabi and Khoshnoodi, 1986d; Sohrabi and Solaymanian, 1988a; 

Sohrabi and Solaymanian, 1988b; Sohrabi and Sadeghi, 1990a; Sohrabi and Sadeghi, 1990b; Sohrabi and 

Katouzi, 1990c; Sohrabi, 1990d; Sohrabi and Sadeghi, 1990e; Sohrabi, 1991a; Sohrabi and Sadeghi, 

1991b; Sohrabi and Katouzi, 1991c; Sohrabi, 1991d; Sohrabi et al., 1991e; Sohrabi and Katouzi, 1993a; 
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Sohrabi and Shirazi, 1993b; Sohrabi and Sadeghi, 1993c; Sohrabi and Katouzi, 1993d; Sohrabi and 

Shirazi, 1995a; Sohrabi, 1995b; Sohrabi et al., 1995c; Sohrabi and Shirazi, 1995d; Sohrabi, 1999a; 

Sohrabi and Zainali, 1999b; Sohrabi and Mostofizadeh, 1999c; Sohrabi et al., 2012). In majority of the 

works of Professor Sohrabi, spark counting has been used for counting the nuclear tracks. In the 

mechanisms where he used electrochemical etching process to enlarge the formed nuclear tracks, a 

complex image processing technique was not needed since the tracks had been made visible without using 

any microscope.  

Several other researchers have worked on polymer solid state detectors which are based on a chemical or 

electrochemical etching process. Electrochemical etching process simplifies the track measurement 

process and it often makes the system needless to complex analytical software for track analysis. From 

the early 1980s to the late 1990s the track analysis methods and systems along with nuclear track 

applications have been expanded considerably. Adams (1980), Beer et al., (1982), Chambaudet et al., 

(1984), Griffith (1984), Price and Krischer (1985), Fews (1992a and 1992b) and Kokkas et al., (1996) are 

the examples of researchers who worked on developing an(a) automatic/semiautomatic method for track 

measurements and counting in 1980s and 1990s. In that era, several other researchers such as Chou et al., 

(1981), Flores et al., (1983 and 1984), Venuti et al., (1984), Blue et al., (1988), Avarzad (1995), Espinosa 

et al., (1996), Gammage and Espinosa (1997), Yasuda et al., (1998 and 1999), Boulyga et al., (1999), 

Steele et al., (1999) and Yamamoto (1999) developed a track scan and analysis system. Some others as 

Fischer et al., (1983), Guel et al., (1984), Piesch et al., (1984), Hadlock (1987), Khan et al., (1990), 

Skvarc et al., (1992), Bondarenko et al., (1996), Popov and Pressyaniv (1997), Hegyi (1999) and 

Tommasino (1999) focused on the applications and usage of a polymer solid state detector and besides 

someone like Monnin (1980), Walker (1982), Azimi-Garakani (1984), Harvey and Weeks (1987), 

Birkholz et al., (1988) and Skvarc et al., (1999) made a discussion, evaluation or review on this type of 

detectors.  

Professor Durrani described a general overview of the historical achievements in nuclear tracks in solids 

as well in his invited paper (Durrani, 2001). He pointed out to the highlights of the use of SSNTDs as 

well as professor Fleischer in his works (Fleischer et al., 1975). For the deeper interests and in-depth 

coverage of the field of nuclear tracks and their applicability the readers are referred to the related 

comprehensive works of professors Durrani and Fleischer (Durrani and Bull, 1987; Fleischer et al., 1965; 

Fleischer et al., 1969; Fleischer et al., 1975; Fleischer et al., 1983). Certain unique features of the 

SSNTDs technique, some outstanding examples of fundamental research and their applications are 

expressed in details in the mentioned works. Dosimetry was stated as one of the important applications of 

SSNTDs which has been increasingly used over the last 30 years. Besides, automatic methods of 

development and reading the chemically etched tracks also have been noticed and studied. This technique 

can equal or surpass rival approached (Durrani, 2001; Walker, 1982). 

In the last two decades, few tens of papers have been published presenting an automated approach for 

track counting. Boulyga et al., (1999) developed an automation system for automatic track counting. In 

the work of Boulyga et al., (1999) the change of the gray levels from dark to light on the boundary of the 

track was considered as the most adequate parameter for track detection. The convolution of the initial 

image with the Gaussian function was performed and then the second derivative was calculated, as what 

was described by Kokkas et al., (1996). As the comparison with the more accurate manual mode of track 

counting the efficiency of the automation system was reported 97.5%. The system was not satisfactory in 

recognition of noises in track-noise discrimination. Also, in low densities the difference between 

automatic and manual counting was expressed about 2%.  

Dolleiser and Hashemi-Nezhad (2002) described an automated optical microscope for online analysis of 

micro-objects. They developed their algorithm as FAOM software written in C++ with adequate 

processing speed. By the most important capability of FAOM as automatic focusing, gradient and raster 

methods were used to calculate the contrast of the image. “In focus” track image was then selected with 

highest contrast. Tracks were defined by the threshold levels in the selected image. The recognition of the 

tracks started with production of the image containing objects from the original or differentiated image. 
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By means of “Area Min” and “Area Max” entered by the user the objects that were too small or too big 

were filtered and removed. The FAOM accuracy and efficiency was compared with traditional manual 

counting and the processing time and the highest density for detection were reported respectively as 1 

second per frame and the density of 5×10
5
 cm

-2
. Though the image with highest contrast is selected 

through automatic focusing, finding the threshold levels for object recognition involves the contrast and 

the algorithm which determines threshold levels. This dependency demonstrates the correlation between 

the user-defined threshold levels and the track detection rate.  

Kluszczynski and Kaminski (2002) discussed random and systematic errors and described how to solve 

the problem of overlapping when an image analyzer is used. They presented formulae which investigates 

the probability of overlapping occurrence based on the tracks areas and the density of tracks. They 

considered tracks images which could easily be thresholded into two levels representing background and 

objects that the probabilities would express according to areas, area increasing with density and the ratios. 

With aiming to avoid the disadvantages of manual counting and track parameter determination a track 

analysis system was presented by Silva and Yoshimura (2005). The algorithm for track measurements 

was based on bi-level thresholding and using virtual filters for modifying the detected image which could 

alter the interior and/or perimeter of the track and make the analysis process easier in some cases. The 

idea was mainly developed based on the gray level variations between background, track border and 

inside the track.  

In the same year, Tsankov et al., (2005) described an approach for visualization and automatic counting 

of chemically etched tracks by means of a high resolution computer scanner. They scanned the surface of 

the chemically etched SSNTD with an EPSON Perfection 1650 photo scanner with optical space 

resolution 1650by1650 dpi and 24-bit RGB color resolution. Etched tracks appeared as white spots on a 

deep red background and were counted by a computer code developed through four implementations as: 

only the green component of the RGB bitmap image was analyzed, average density value and its standard 

deviation were calculated for the whole scanned field, a threshold density value was determined 

according to the background density and its standard deviation and then all pixels are examined and all 

compact regions of pixels with density greater than the threshold density value were counted as tracks. 

Their automatic counting algorithm was not given in detail, but it was somewhat a case study and 

exclusive to their system not usable as a general and comprehensive track counting method.  

A semiautomatic track counting systems and a new type of detector holder for LR-115 detectors was 

presented by Arias et al., (2005). Their system used SCION track counting software which had developed 

commercially for bacteria counting. Software SCION manipulates binarized images and bitmap file 

format. Arias et al., (2005) conditioned track images with Jasc Paint Shop Pro software and some filters 

and color adjustments were also applied to refine the bi-level thresholding. For evaluation of software 

SCION they developed a program in Borland Delphi version III taking into account two geometric shapes 

as circular and elliptic.  

Patiris et al., (2006) presented TRIAC code written in MATLAB composed of K-means algorithm, Canny 

edge detection algorithm and circular Hough transform. TRIAC was evaluated finally by manual 

counting. Kumar et al., (2009) compared optical counting method with the spark counting technique and 

after counting more than 300 films resulted the tracks obtained by spark counting were marginally less 

compared to the optical measurement. This underestimation was corresponding to higher densities of 

tracks which could be corrected using a relation obtained between the tracks measured by optical method 

and spark counting. Mitev et al., (2010) described an algorithm capable of reliably separating the 

overlapping tracks and ignores artifacts in the image. The algorithm was validated by comparison to 

manual counting. Wide span of track densities and the specific advantages of the compact disc method 

could provide reliable measurements in the whole range of 
222

Rn concentrations of practical interest.  

As a more recent literature, Chen et al., (2011) presented a novel track counting method for alpha 

particles based on the imaging plate (IP) techniques and taking into account the overlapping tracks and 

fading effects. They utilized in-house software developed on visual C++ to analyze the track images 

presented before by Chen et al., (2011). The software was able to directly read the image files provided 
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by the IP reader and calculate PSL values for each pixel. Counting the tracks was based on assigning a 

PSL value to the tracks higher than the corresponding value for neighboring pixels and again calculating 

new PSL values according to the equations given in the work of Chen et al., (2011). Then, exceeding a 

threshold value resulted to detecting tracks.  

Nikezic and Yu (2006) presented a computer program named TRACK_TEST for calculating parameters 

and plotting profiles for nuclear track detectors from Alpha irradiation and subsequent chemical etching. 

The program takes as input the type of detector (C:CR39 or L:LR115), the built-in V function used for 

calculations, Alpha energy, etching time, etching rate and incident angle and also some plotting 

parameters and then it gives out major and manor axes, plotting curves and track contours and also the 

calculated depth.  

This program is a validated and useful track analysis system and can be employed as a complementary to 

a track measurement software for A-Z nuclear track analysis. Since it yields track shape parameters after 

a known collision, it can be used to determine the collision parameters whenever the track shapes are 

known. 

As the recent works presented in the last decade, both software and hardware of the track counting 

systems have been studied regarding the newly improvements in advanced electronic systems and 

emerging pattern recognition approaches. Methodological approaches as the works of Yasuda et al., 

(2001), Fromm et al., (2003), Lengar et al., (2003), Yasuda et al., (2005), Aleksandrov et al., (2008) and 

Sato et al., (2008) have been presented to introduce a pattern recognition approach or a software 

developed for the task of nuclear track measurements.  

Someone else have used (or introduced) a hardware system for track analysis as Ponomarenko and 

Molnar (2001), Bedogni (2003), Taheri (2005), Yasuda et al., (2005), Tawara et al., (2008) and Ibrahimi 

(2008). Some researchers have discussed the applications of nuclear tracks and track analysis systems 

such as Eriksson (2002), Fantuzzi et al., (2002), Lengar et al., (2002), Hulber and Selmeczi (2005), 

Tanner et al., (2005), Moore et al., (2006), Philips et al., (2006), Kar et al., (2007) and Ota et al., (2008) 

while some others have presented a study note or a review work on nuclear tracks and the methods of 

measurements like Ilic et al., (2003), Yu et al., (2004), Mishra et al., (2005), Yu et al., (2007), Price 

(2008), Hulber (2009) and so on.  

In the using of Softcomputing approaches in nuclear track measurements, of the most recent works the 

technique of Khayat et al., (2013a) can be pointed to which was developed to improve the low resolution 

nuclear track images for which accurate track measurements are not applicable. They increased the 

resolution of nuclear track images by splitting each pixel into M×N sub-pixels preserving the maximum 

information transfer from the original image to the resulting image while seeking the maximum possible 

object’s entropy. Khayat and Afarideh (2013c) in another work defined 12 textual and shape based 

candidate features among which the most effective ones are selected for track detection and counting. The 

selected features may vary from one dataset to another due to the difference in the images characteristics. 

Suitable for high resolution track images where Hough transform can be exploited to detect the tracks (a 

shape based method), Khayat et al., (2013b) developed a standalone code named ATMS code that is able 

to detect any track overlapping and also the orientation of particle collision to the detector surface. The 

algorithm utilized also the fuzzy concept to attain flexibility in noisy images.  

As a continuum and a complementary to ATMS code, another code named ATMS_Phase_II was 

developed to count the high density non-overlapping nuclear tracks based on the correlation estimation to 

a track template. The template can either be extracted from a track image or be constructed by the user. In 

a later work of the authors, Nejad et al., (2013) presented a semi-automated algorithm consisting of three 

phases of preprocessing phase, feature extraction phase and track counting phase. In the preprocessing 

phase, an automated contrast enhancement method was employed to expand the gray scale range in the 

nuclear track images.  

Two main features named Topological feature and contextual feature were defined and extracted in the 

second phase. In the third phase, the tracks are detected and counted based on the extracted features.  
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Softcomputing in Nuclear Track Analysis and Measurements 

According to the works presented in the last few decades and the adventure of new developing 

approaches in digital image processing and Softcomputing, nuclear track detection and counting methods 

can be generally divided into 3 main categories as 

- Shape based approaches which include contour methods, shape matching methods and shape detection 

methods. 

- Context based approaches which include color intensity gradient methods and histogram based 

methods.  

- Hybrid methods which use both shape based and context based approaches.  

A track analysis method belongs to one of the categories mentioned above. However, the method is either 

a direct analysis method or an indirect method. Direct methods are the two stage algorithmic methods 

which consist of a analysis step and a decision making step while indirect methods consist of a 

preprocessing step, a processing step and a decision making step. The necessity of using a preprocessing 

step is based on the nuclear track image dataset, computation constraints and the goals which are sought. 

The main steps of a track measurement algorithm are  

- The preprocessing step which may be a contrast enhancement method, an edge detection method, an 

illumination correction method, a resolution improvement method, a de-noising filter and so on.  

- The processing step in which the detection, counting and measurements are performed. 

- The decision making step which maps the results of the processing step to the sought desired physical 

quantities. 

In the decision making step, nuclear track parameters are concerned which include (but not limited to) 

- The number of tracks or tracks areal density 

- Tracks diameters 

- Tracks aperture shape 

- Tracks depths  

- Tracks spatial geometry 

- Tracks overlapping 

The aforementioned parameters are concerned since they yield us information about the collided particles, 

history of collision and the environment of collision. The physical quantities which are attainable from the 

measuring parameters of nuclear tracks include (but not limited to) 

- Exposure 

- Absorbed dose 

- Dose integration  

- Particles types 

- Particles energies 

- The direction of exposure 

The problem is apparently to attain a measurement of the physical quantities based on the measuring 

parameters of the nuclear tracks. This can be achieved simply by an optical scanner and visual counting or 

complicatedly by a digital imaging system with a multistep hybrid Softcomputing method. The 

complexity of the problem is due to several factors including the detector used, chemical/electrochemical 

etching process, the real physical quantities, available facilities (hardware and software), external 

constraints, desired outputs, required accuracy, cost and the expertise. Therefore, a trade off should be 

made between the existing and limiting factors and the desired outputs. 

 

CONCLUSION 

A whole review was made in this paper on the works which have been presented in the few last decades 

focusing on solid state nuclear track detection by heavy ion and neutron registration on plastic detectors. 

The main purpose of this paper was addressing and reviewing the works particularly on soft computing 

approaches, code and system development for nuclear track counting and measurements. Although 

several researchers for some decades have worked in nuclear track counting systems and methods, its 
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applicability and broadness of handling will cause continuous progression in this path for at least one 

decade later. Detection material, handling mechanism and measurement process will proceed aiming to 

attain the ideal characteristics as wide (or customized) energy range, isometric (or customized) incident 

angle, ability to discern the particle type of interest, precision and accuracy in measuring the physical 

quantities, operational factors as cost, time and simplicity, efficient imaging and image processing 

techniques and several other characteristics for such a system for passive dosimetry of heavy ion particles 

and fast neutron. 
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