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Abstract

A new program was designed and written utilizing MATLAB software
to perform image processing operations for the alpha particles tracks
incident on the CR-39 nuclear tracks detector. The output code, named
TRIAC, is using with connected digital camera as in Microscope (binoc-
ular) to obtained tracks picture. The program has been developed to
calculate the track number, track density, and measure the track diam-
eter (major axis, minor axis and equivalent axis). This developed code
saves a lot of effort compared to the traditional manual method that
usually use in the nuclear track’s estimations. Besides that, it increases
the accuracy of diameters measurement by avoiding the manual errors
resulting from the use of the microscope.

Keywords: Computer image processing, CR-39 detector, Track den-
sity, Track diameter, Etching time, MATLAB.
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INTRODUCTION

Solid-State Nuclear Track Detectors
(SSNTDs) have a wide application in many
fields of radiation science and technol-
ogy. There are a lot of types of these de-
tectors [1-11]. CR39 (Columbia Resin-39) is
one of these detectors with a thermoset
plastic which is a polymeric form of di-
ethylene glycol bis (allyl carbonate) [4].
The efficacy of different types of nuclear
impact reagents in being sensitive to the
particles depends on the type and energy
of the falling particle [19, 20]. Although
electronic detectors have better proper-
ties in detecting the type and energies
of the particles , resorting to the use of
plastic detectors such as (CR-39, CN-85,
LR-115) may be more appropriate in some
applications to monitoring the radioac-
tive contamination, [5,6,7,8] due to easy to
use and their lack of need for electronic
devices and power supplies. Although,
SSNTDs haven't ability to distinguish the
different energies but they have a very
high detection efficiency approaching
100%. As most or all of the material par-
ticles, such as protons, alpha particles,
and ions that fall on detectors materials
lead to the formation of stable traces in
these detectors [9,10,12,13]. The decisive
factors in determining the accuracy of
the measurements, this enumeration pro-

cess is usually done manually by using an

ordinary optical microscope in determin-
ing the number of traces per unit area for
the detector. This process of the diame-
ter measuring known as a manual method
[21,22]. This method requires significant
human effort in addition to the potential
for errors during the counting and mea-
surement processes. A damage region is
created due to the passing of a charged
particle through the SSNTD material and
it is known as the latent track. By apply-
ing an appropriate etchant (i.e., NaOH or
KOH), latent tracks can be etched suffi-
ciently enlarging them to become visible
under an optical microscope (with diam-
eters of 1 um or more). Utilizing the suit-
able apparatus one can take images of the
SSNTDs surface and count track numbers
[ 14,15,16,17].

The tracks occur in detectors materials
when exposed to alpha source as example;
depend on the incident alpha energy. In
such case, the alpha range in any medium
depends on density of medium you can

determine it, by depend on the equation

(1. [18]:

R =0.318E% (1)

where R is the range of alpha in the
medium in (cm) and E is the energy of the
alpha particle in (Mev) Further, energy
value as a function of range can be writ-

ten as:
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E = 2.146R %66¢7 (2)

Using above relation, the residual en-
ergy at distance x from the source can be

now computed as:

E =2.146 (R— x)%®%¢7  (3)

The aim of the present work is to write
a computer program with Matlab2012 to
count alpha radiation tracks formed on
the surface of the CR-39 detector, and
measure their diameters (large axis, small

axis and equivalent axis).

EXPERIMENTAL METHODS

In the present work, CR-39 detector
is used as example of wide used SSNTDs.
The thickness of used CR-39 detector is
500um and supplied by “Pershore Mold-
ing LTD Co. UK." Cutting with dimension
of (1cm?) [4].

For experimental work, group of CR-
39 nuclear track detectors were exposed
for 5 sec to radium source Ra-226 as alpha
particles emitter (energy=5.49 Mev with
4.08 cm average range in air) [23]. Ra-226
source activity is 5pci with uncertainty 6%
(k=2).

The distances between the source
and the detector have been changed to
get several energy radiations. A hand-

made tool, as showing in Fig (1), is used

to change the distance between source
and detectors. This tool let only the direct
incident particles reach to the detectors
through a small hall. The used distances
were 0,1,2,3,and 4 cm to get energies 5.49,
4.542,3.508, 2.272, and 0.430 MeV respec-
tively. Equation 3 is used to calculate the
energy.

The exposed detectors are etched for
60, 120, 180, and 240 min with NaOH so-
lution with normality of 6.25 N and tem-
perature 60 C°. After etching, the tracks
on detectors were viewing and counted
with optical microscope (Novel) model:
N-200M, supplied with a digital camera to
viewing tracks and save photo to use it in
the developed MATLAB program code to
count the tracks and measure the diam-

eter.

Figure (1) hand-made tool use to es-
pouse the detector with different energy
by changing the distances between the
source and the detector.
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Computer image processing

A computer program code was writ-
ten and developed in Matlab2012 to count
tracks formed on the surface of the CR-
39 detector and measure their diame-
ters (large axis, small axis and equivalent
axis) in addition to circumference tracks.
This presented program code is nhamed
(TRACK). To establish this code, Matlab>s
sensitive functions as a function of gray
color and the image turns gray until the
program senses the nuclear tracks are
used. The images are processed by the
program, and converted into a binary im-
age as shown in Figure (2). In this case the
program can isolate tracks from defects.
In such case, the treatment process, the
counting and calculations take only a few
seconds with more precisely and accuracy
compared to traditional (manual) method
with personal counting depending on eyes
and measuring scale.

The tracks censuses showed a good
agreement between the two methods
computational and manual. While the
precision in diameters measuring is much
superior for computer method compare
to the manual counterpart. As the resolu-
tion of the first is in the limits of pixels, in
order to ensure the correct performance
and efficiency of the program, it has been
completed make a comparison of the data

obtained by using the program and those

obtained by the manual method.

After the program establishment and
verification correctly with the manual
results, now the program correctness is
quite sufficient for operation. Different
pictures of different tracks and different
etching time when exposed detectors to
alpha particle of energy 4.552 Mev were
taken and shown in Figure (3). The diam-
eters at the beginning of the etching pro-
cess are small but in the advanced stages
of the etching process these diameters

increase successively.
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Binary Image (a)
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Figure 2 The four main steps of track image analysis. The resulting
corrected binary image (b) is finally used for counting the tracks.
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Figure 3 binary image for different etching time (1, 2,
3,4hr) at alpha energy (4.552Mev)
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2,3,and 4).

RESULTS AND DISCUSSIONS
The developed computer program
code, after verify its performance, was
used to count tracks and measure its di-
ameters at different etching times and
particle alpha energy emitted from the
radium source Ra-226.
The results that obtained for track
density at different etching time with the
developed code are tabulated in tables (1,

Tables 1, 2, 3, and 4 present the etch-
ing time (min) with the track density and
diameter relative to the alpha energies
4.552,3.508, 2.272, and 0.430 Mev respec-
tively. It's obvious that the optimum track
density is developed at etching time of 2
hours (120 min), whereas after this time
the number of the tracks was decreased.
This decreases due to the overlap of
tracks.

Table 1 the etching time with the developed track density and diameter
for the alpha energy of (4.552 Mev).

Etching Time Track Density diameter axis (um)
(min) (track/mm?) Large axis Small Equivalent
60 221 2.74 1.92 2.51
120 272 51 4.83 4.90
180 204 7.78 7.58 7.66
240 198 11.66 11.24 11.43

Table 2 the etching time with the developed track density and diameter
for the alpha energy (3.508 Mev).

Etching Time Track Density diameter axis (um)
(min) (track/ mm’) Large Small Equivalent
60 204 2.46 2.18 2.24
120 238 4.91 4.44 4.65
180 192 7.36 6.96 7.14
240 187 11.24 10.80 11.01

Table 3 the etching time with the developed track density
and diameter for the alpha energy (2.272 Mev).

Etching Time Track Density diameter axis (Lm)
(min) (track/ mm?) Large Small Equivalent
60 170 2.34 1.83 2.00
120 188 5.25 4.07 4.55
180 122 7.86 6.15 6.82
240 102 12.22 10.21 10.43
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Table 4 the etching time with the developed track density
and diameter for the alpha energy (0.430 Mev).

Etching Time Track Density diameter axis (Lm)
(min) (track/ mm?) Large Small Equivalent
60 120 2.40 1.59 1.73
120 144 3.99 3.62 3.74
180 68 7.14 5.66 6.26
240 68 10.99 9.86 10.39

This is true for all exposed energy ex-
cept (0.430) Mev which is achieved at
4cm distance, because the number of the
latent tracks recorded in the detector at
this energy were very little, where the
short range of alpha let only little hum-
ber of particles can reach the detector
at 4 cm. Therefore, after 2h the etching
time increases, the diameter of the tracks
can increase but their number increase
because of the little number of the tracks
which cannot overlap each other.

Table (1, 2,3, and4) showed that the
highest density of the tracks would be for
the 1cm between the source and the de-
tector i.e. atlcm where the energy of the
source has its initial value (4.552Mev), it
was 272at the optimum etching time (2h),

while it decreased to 144 at 4cm distance
(0.430Mev) at the same etching time.

It's also clear that the density of the
tracks has direct relationship with alpha
energy. Whenever the energy decreased,
the density of the tracks decreased. The
track density variation at different etch-
ing time f (60, 120, 180, and 240 h) relative
to the alpha energy (4.552, 3.508, 2.272,
0.430 Mev) are presented in Figure (4). 2
h is the best etching time with maximum
track density. Figure (5) illustrates the re-
lation between the track diameters and
the etching time relative to alpha ener-
gies. Increasing in the track diameter rel-
ative to the increasing in the etching time
is obvious for all alpha energies.

—m— At Eo=4.552 Mev — o— At Eo=3.508 Mev
300 > <At Ex=2.272 Mev —y— At Eo=0.430 Mev
Figure 4. ] .
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TRACK CODE

clc;close all;clear all;

[FNm. fldr] = uigetfile({'s. BMP';'s.png’;'.
JPG';'s.bmp'; s tif });

JIFNm. fldr] = uigetfile({'s.bmp’;'s.png'; .
JPG';'s.tif' });

fm = fullfile(fldr. FNm);

Lx=0.28; /mm

Ly=0.21; /mm

Am=Lx#Ly

Io=imread(fm);
[py px ttl=size(10);
scfx=Lx /px;

scfy=Ly /py;

I1=rgb2gray(lo);

[ th=0.5711117171777.
th=0.67; BW=im2bw(I 1.th);
PLLLSLLSLLLSLLST LTS,
/figure. imshow(I0);
/figure. imshow(BW);

SE = strel('square'3); BW2 =

imdilate(BW.SE);
PLLLSLLSLLLLLLSLLSLLLS LSS L LT ST
BW2 = ~imfill(~BW . 'holes");

/figurec imshow(BW 2);

th1=500;
BW3 = ~bwareaopen(~BW 2. th1);

st = regionprops(~BW 3/'All');
centroids = cat(1.st.Centroid);

Ll LS LTSS LTSS LTSS LA ST,
Ll LLALLS LTS LTS,

L1=[st.MajorAxisLength];

L2=[st. MinorAxisLength];
L3=[st.EquivDiameter];

Lp=[st.Perimeter];

A1=[st.Areal;

Ll LT LLL LTS LTS LTS LTS LTS LTS LSS LTS LTS,
Ll LTSS,

Le=L1./L2;

Lpp=pixL3;

Lep=Lpp. /Lp;
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ci=(Lp .*2)./(4%pixAT)

LI ALLLSSLLLTSLLLSSLLLSS LTSS LA TS,
LIS LLLSST LSS
LG=25;x=1:LG;

mnc=min(ci);

mxc=max(ci);

mmc=mxc-mnc;

Ci=sort(ci);
Ci=round(LG#(Ci-mnc) /mmc)
/. histgramcirclaurty
hc=hist(Cic<LG);

Cii=(xszemmc /LG+mnc); 7 in mmsmm
Cr1=0.6;

Cr2=1.4;

Cx1=round(LGst(cr1-mnc) /mmc);

if Cx1<1 Cx1=1;end;
mmmm-=(cr2-mnc) /mmc;

Cx2=round(LGs(cr2-mnc) /mmc);
if Cx2>25 Cx2=25;end;

smc=sum(hc)
suc=sum(hc(Cx1:Cx2))
rt_c=suc/smc

LI ALLLSTLLLSLLLLSSLLLSSLALLSS LA TS
LALLLSLLLTLLT.

st

mxA=max(A1);
mnA=min(A1);

A=sort(A1)

mm=mxA-mnA;
A=round(LG#%(A-mnA) /mm)

/.//. Histogram Area
h2=hist(ALG);

Amm=(x#mm /LG+mnA)sscfxsscty; 7. in
mmsmm

Amm

Ammc=AmmsT1eé6;

Ll LS LLL LTS LSS ALLLLALLLL LTSS TS,
JANANAN
/tg1=figure(‘units'<normalized'.'outerpositi
on'[0 01 1D

figure;imshow(10);

figure. imshow(I1);

/.subplot(3¢3.3);
figurecimshow(BW);/subplot(3:3.4);
figure.imshow(BW?2)

Ll LTS LLS LTS LSS ALLLLALLLL LTSS TS,
JANANAN

/subplot(3¢3.5);

figure.imshow(BW 3);

hold on

/subplot(3¢3.5);

/figure.

plot(centroids(:< 1).centroids(:c2).'rs"

hold off

Ll LS LLL LTS LSS ALLLL LTSS LTSS TS,
JANANAN

/subplot(3¢3.7);

/hist(A);

/subplot(3.3:8); histgram area mm*2 area in
X

figure.plot(Amm:h2);

/subplot(3.¢3:9);

/.cir with sequnce of spots in x squnce
number of spots & y =ci

figurecplot(ci);

hold on

cx=[0 33]; cy=[cr1 cril;
plot(cxccy.r'LineWidth'.2);

hold on

cx=[0 33]; cy=[cr2 cr2l;
plot(cxccy.r'LineWidth'.2);

hold oft

Ll LTSS LTSS LTSS LTSS LTSS LTS,
JANAANN
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/subplot(3.3.2);

/histgram ci with real Cir in x
figure.plot(Ciichc);
11,

mcr=xsscfxs1e3;

Am=LxxLy
SA=sum(A)
SAmm=SAssctxsscfy
[hi wil=size(BW);
TA=hiswi

RT=SA /TA

L1m=L1sscfxs1e37in micsr;
L2m=L2sscfxs 1e37/in micsr;
L3m=L3sscfxs1e37/in micsr;
Lpm=Lpssctxs 1e37.in micsr;
ML 1=mean(L1m)
ML2=mean(L2m)
ML3=mean(L3m)
MLp=mean(Lpm)



