REFERENCES

[1] Nikezic, D. and Yu, K. N.. Formation and growth of tracks in nuclear track

materials. Materials Science and Engineering R 46, 2004: 51-123.

[2] Hepburn, C. and Windle, A. H.. Review Solid state nuclear track detectors. Journal

of Materials Science 15 ,1980: 279-301.

[3] Fleisher, R. L., Price, P. B. and Walker, R. M.. Nuclear Tracks in Solids Principles

& Applications. The regents of the University of California, 1975: 3-118,545.
[4] Price, P. B.. Recent Applications of Nuclear Tracks in Solids in Opening talk At the

23rd International Conference on Nuclear Tracks in Solids (ICNTS) held in

Beijing, 2006: 1-25.
[5] Nikezic, D. and Yu, K. N.. Analyses of light scattered from etched alpha-particle
tracks in PADC. Radiation Measurement, Vol. 43, 2008: 1417-1422.

[6] Knoll, G. F. Track-etch detectors. Radiation detection and measurement. 3"

edition, New York ,John Wiley & Sons, Inc., 1999: 20, 736-740.

[71 Nazkhattak, F. Principle of track formation/ revelation in SSNTDs in PhD Thesis:

208 208

Study of the heavy ion interactions of [14.0MeV/U] "~ Pb with = Pb and "'Au

using Mica and CN-85 as solid state nuclear track detectors. 2003: 35-42.

[8] Nuclear tracked Detectors (NTDs). [Online]. Available from: www.tdx.cesca.es.pdf,

[2009, March]

[9] Jevremovic, T. Interactions of radiation with matter. Nuclear Principles in

Engineering. Springer Science and Business Media, Inc, 2005: 173-196.

[10] Ervin, B. P. Interactions of Charged Particles with Matter. Radiation Physics for

Medical physicists. 2" edition, Springer-Verlag Berlin Heidelberg, 2010:
240.

[11] Kalsi, P. C., Ramaswami, A. and Manchanda, V. K. Solid State Nuclear Track

Detectors and their applications. 2005.

[12] Lamarsh J. R. and Anthony J. Baratta. Introduction to Nuclear Engineering. i

Prentice Hall, Inc., 2001: 52-116.



[13]

[14]

(18]

(16]
(17]

(18]

[19]

(20]

[21]

(22]

(23]

(24]

84

Rinard, P. Neutron Interactions with Matter. [Online]. Available from:

http://mww.fas.org/sgp/othergov/doe/lanl/lib-www/la-pubs/00326407 .pdf,
[2011, March]

Alexander, D. R. Light Measurement Handbook. [Online]. Available from: www.intl-

light.com/handbook/, [2011, March]
Mostofizadeh, A., Sun, X. and Kardan, M. R. Application of Optical Methods in

Nuclear Track Measurements. Journal of Applied Sciences 7(16), 2007:

2261-2271.

Chankow, N. A study of Uranium exploration by track etch technique. 1975.

Stephens, R. B. Low reflectivity surfaces are formed by particle track etching.

| United  States Patent 4268347, [Online]. Available  from:
http://mww.freepatentsonline.com/4268347.html, [2011, March]

Khan, H. A. and Khan, N. A. Solid State Nuclear Track detection (SSNTD) A

useful scientific tool for basic and applied research, 1989.

Michael, A. G. A review- Submicron structures - promising filters in EUV. SPIE Vol.

1549 EUV, X-Ray, and Gamma-Ray Instrumentation for Astronomy Il ,1991:
385-394.

Popov, P. C. and Pressyanov, D. S. Track Density Assessment by Obstructed
Total Internal Reflection of A Laser Beam. Radiation Measurement, Vol. 27,
No. 1, 1997: 27-30.

Chankow, N., Bunchorndhevakul, S. and Ratanatongchai, W. Development of A

Technique for Viewing Track-Etch Neutron Radiographs. 2001: 82-92.

Mitrofanov, A. V., Apel P. Y. lon track filters in imaging X-ray astronomy. Nuclear

Instruments and Methods in Physics Research B 245, 2006: 332-336.

Mitrofanov, A. V., Apel, P. Y. and Orelovitch, O. L. Diffraction Filters Based on
Polyimide and Poly (Ethylene Naphthalate) Track Membranes. Technical
Physics, Vol. 51, No. 9, 2006: 1229-1234.

Nikezic, D. and Yu, K. N. Computer program TRACK_VISION for simulating optical
appearance of etched tracks in CR-39 nuclear track detectors. Computer

physics Communications 178, 2008: 591-595.



(25]

(26]

[27]

(28]

[29]

(30]

(31]

(32]

85

Polycarbomate. [Online]. Available from:
http://en.wikipedia.org/wiki/Polycarbonate, [2011, March]

Jaiyen, S. Development of a Prototype for Low Flux Thermal Neutron Radiography

system using Californium-252. Master Degree Thesis, Department of

Nuclear Technology, Faculty of Engineering, Chulalongkorn University,
2002: 50-52, 107.
Pugliesi, F., Sciani, V., Stanojev, P. and Pugliesi, R. Digital System to Characterize

Solid state Nuclear Track Detectors. Brazilian Journal of Physics, Vol.37,

no.2A, June, 2007: 446-449.
Souto, E.B. and Campos, L.L. Fast neutron dose response of a commercial

polycarbonate. Nuclear Instruments and Methods in Physics Research A

580, 2007: 335-337.
Mostofizadeh, A., Sun, X. and Kardan, M. R. Improvement of Nuclear Track
Density Measurements Using Image Processing Techniques. American

Journal of Applied Sciences 5 (2), 2008:71-76.

Fungklin, R. Application of Neutron Radiography using Neutron imaging plate for

Inspection of Ancient Objects. Master Degree Thesis, Department of

Nuclear Technology, Faculty of Engineering, Chulalongkorn University,
2010.
Dajko, G. The effect of etching solution composition on the response of an

electrochemically etched CR-39Detector. Radiation Measurement, Vol 28,

Nos 1-6, 1997:133-136.

International Atomic Energy Agency. Atomic Energy Review. Vol. 15(2), 1977:123-

368.



Appendices



87

Appendix A: Cf-252 Neutron source

Figure 1 Specification of Californium source
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Figure 2 Thermal neutron flux distributions (experimental) produced by various

accelerator neutron source in a water moderator [32].
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Figure 3 Thermal neutron flux distributions (experimental) produced by various

radioisotope neutron source in a water moderator [32].
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Figure 4 Peak thermal neutron flux produced and various density of hydrogen
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Appendix B: Previous study
Proton track using thermal neutron from Thai research reactor on polycarbonate plastic
at different etchant condition

This previous experiment, polycarbonate was irradiated with thermal neutron

from Thai research reactor for 60 and 100 min. The etchant conditions were NaOH

6.25N at 70°C and 90°C and PEW at 70°C.

Condition Irradiated 1 h | Irradiated 2
h

NaOH,90°C,40 m

NaOH,70°C, 100 m

PEW,70°C,30m

PEW,70°C,60m

The results showed that proton track at PEW solution at 70°C can observed

better than both of NaOH conditions.
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Appendix C: Motic MC1000

1. Before using Motic MC 1000, select MC1000Camera.exe from the Settings options.
2. Upon starting MC1000, the Exposure and White Balance operations will be carried
out automatically to make the quality and color of images in the Preview window similar
to those of actual images. The interface will then

appear as it does on the left 3. Through the Control panel easily alter the quality and

effects of the image shown in the Preview window.

3. Through the Control panel easily alter the quality and effects of the image shown in
the Preview window.
4. From the Toolbar, click the Capture button Captue | 1 capture the real-time image

shown in the Preview window.

G5 hor i RfGDE 4.8

7o e e o Fves [ -
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5. Click the Auto Capture button (next to the Capture button) to automatically capture a
number of images.
6. Motic MC1000 enables you to record video. From the Toolbar, click the Video button,

fill in the name and path and click .OK. to save the video.

[ s

s G

=3 =t

I e
Froncrrorus

sy
P
{22t

Stop Vides i

7. Motic MC1000 enables you to adjust Brightness, Contrast and Saturation. If you alter
the brightness or switch specimens during observation, use Auto Exposure and White

Balance to adjust the image.



~Adjust
Brightness

 Contrast

Hue

Saturation [ 1123
Sharpness o —] }1
Exposure = TS’——.
¥ AutoExposure

Change Flicker | Default |
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8. The Gain (Color) function may also be adjusted. Move the corresponding scroll bar of

the color you wish to adjust and the image will change accordingly.

~Gain (Color)
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Appendix D: A Quick Guide to ImageJ
Introduction

Imaged is a public domain Java image processing software that was developed
by Wayne Rasband and others at the National Institutes of Health. Refer to the ImageJ
homepage http://rsb.info.nih.gov/ij/ for further information. ImagedJ runs with a Java 1.1
(or later) virtual machine and is available for Windows, Mac OS, Mac OS X and Linux.

ImageJ is designed under aspects of open architecture. It can be extended by

user-written Java plugins for special acquisition, analysis and processing tools.
This feature has been used for specific extensions in the practical trainings of the Image
Processing master course at the FH-Aachen/Jilich. Therefore, in the context of our
Image Processing course we strongly recommend to use our (!) ImageJ Installation
Version that includes all the special plugins.

Imaged can display, edit, analyze, process, save and print images of various
formats including TIFF, GIF, JPEG, BMP, DICOM. It supports standard image
processing functions such as contrast manipulation, filtering (i.e. sharpening,
smoothing), edge detection and others. It can calculate area and pixel value statistics of
a user-defined region of interest (ROI). Measurements of distances and angles are
ossible. It can create density histograms and line profile plots. It does geometric
transformations such as scaling, rotation, flips and zooming. Spatial calibration (in units
such as millimeters) as well as density or grey scale calibration is available. The
program supports any number of images (display in separate windows) simultaneously.
Starting Imaged on the PC’s of the Medical Informatics Lab.

After starting the computer and booting Windows (please cancel the network login-
dialog) you can start ImagedJ by double-clicking the Imaged Symbol on the desktop. The

program will start with the ImageJ main window (Fig.1):

File Edit Image Process Analyze Pluins Window Help
olc|o~=n AN Al |ajel | [f]ala] |

Rectangular selections

Fig.1: ImageJ main-window

Basic features of ImageJ
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Fig.2 shows a typical ImageJ desktop with the ImageJ main-window (top left)

together with different image- and result-windows simultaneously opened.

Fig.2: ImageJ desktop example with ImageJ main-window (top left)

The Imaged main-window - a window that can not be resized or maximized -
contains (compare Fig.1):

* menu bar (at the top) “File”, “Edit”, “Image”, ...
* tool bar (in the middle row)
- status and progress bar (at the bottom)

Opened images, histograms, measurement results etc. are displayed in
additional windows. These windows can be positioned and resized on the screen as
usual. They can be copied (to the Windows-Clipboard), edited, printed and saved. In
the following some basic operation topics are described which are relevant for all
practical studies of the Image Processing course. The more specific tools are explained
in the individual practical training manuals. Further information is given in the ImageJ
documentation (http://rsb.info.nih.gov/ij/docs/index.html).

Menu Bar: File

File / New: (not used in the course)
Creates a new image window or stack. A dialog box allows you to specify the
image title, type, dimensions and initial content.

File / Open:
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Opens and displays an image in a separate window.
Remark: All image files for the practical training are stored on the Medical Imaging
master course CD.
File / Close:
Closes the currently active image window.
File / Save:
Saves the active image
Remark: Do NOT save an image to avoid data garbage on our hard disks unless
the practical training manual asks you to do so !!! .
File / Print..:
Prints the active image.
Remark: In our Image Processing course we prepared for each topic a special
blank image that can be used as a “print-form”. With copy and paste commands
(see below) you can arrange images and other results like histograms together with
text annotations on the print-form for final printout and documentation. Only these
print-forms should be used for printing !
Menu Bar: Edit
Edit / Undo (Strg+Z) :
Reverses the most recent image editing or filtering operation. Only one “undo” step
is possible.
Edit / Copy (Strg+C) :
Copies the contents of the selected region of interest (ROI) of an image or any
other window to the clipboard. If there is no ROl-selection, the entire active
image/window is copied.
Edit / Paste (Strg+V) :
Inserts the contents of the clipboard into the active image. The pasted image is
automatically selected, allowing it to be dragged with the mouse.
Click outside the selection to terminate the paste. Select Edit/Undo to abort the
paste operation.
Remark: With copy and paste you can arrange selected image areas and other

results like histograms on the print-form.
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Setting of a ROI (region of interest)

The selection of a well defined section of an image (region of interest, ROI) is a basic
operation for image analysis and is very important in our Image Processing course. |t
can be done in the following ways:
Edit / Selection / Select All (or better: Strg+A):
Creates a rectangular ROI that has the same size as the image.
Edit / Selection / Select None (or better: Strg+Shift+A) :
Deactivates the selection in the active image.
Edit / Selection / Specify ... :
This command allows you to position a ROI precisely. The ROl is defined by
specifying (in terms of pixels) the size of the ROI box (width and height) and the
position of the upper left corner of the ROI (x- and ycoordinates). The values can

be selected in the “Specify-wi below:

T

width: [128
Height: ;255
X Coordinate: [.5_0‘_,..,
Y Coordinate: W

™ Oval
I~ centered

OK i Cancel

H

Manual ROI setting (with the button “rectangular selection” on the tool bar):

Manual ROI setting is performed with the ,rectangular selection* tool button (left

button in tool bar, see Fig. below).
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color picker
scrolling tool
maghifying glass
text tool
wand (tracing tool) j’

i P

Lfreehand line selections
seumented line selections
stralght line selections
freehand selections
polygon selections
oval selections
rectangular selections

Creating the selection is done by a mouse-drag. After a ROl selection use
the points in the comners to resize. With the shift key held down during the drag the ROI
is fixed to a square. As a selection is created or resized, its location, width and height
are displayed in the status bar.

Using the arrow keys you can move the ROI box. With the arrow keys and the alt
key held down you can change the width or the height of the ROL.
Text Annotations (with the button “text tool" (A) on the tool bar):

Use the text tool to add text to images. Left mouse click on the text-tool-button
and double-click on the image where the text should be positioned creates a
rectangular selection containing one or more lines of text. Use the keyboard to write the
text and the backspace key to delete characters. The final position of the text can be
selected by a mouse drag. Use Edit/Draw (better: Strg+D) to permanently draw the text
on the image. Use Edit/Options/Fonts, or double-click on the text tool, to specify the
typeface, size and style.
Remark: All images, histograms, LUT-boxes and other results should be labeled by text
annotations on the print-form. So, the final print-form contains a clear description of all
displayed components and a short specification of the applied analysis or evaluation.
Grey Value Histogram

ImageJ calculates and displays a grey level histogram of the active image
respectively an image part defined by the ROI. To display the histogram select Analyze /
Histogram (or: Strg+H). In the histogram window the x-axis represents the gray values
and the y-axis shows the number of pixels found for each gray value. The total pixel

count is also calculated and displayed, as well as the mean, standard deviation
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(StdDev) and the minimum / maximum gray value. The Log-button displays an overlay
with a logarithmic scaled histogram. The List-button shows a table of the histogram

values.

% Histogram of IHY_ILTI

300x240 pixels; 8-bit, 70K

~
b
>

0
Analyzed grey value range: [0, 255]
Count: 126400
Mean: 190.720 Min: 71
StdDev: 22.720 Max: 211

_List| _Log

Grey value range to analyze:

Min [0 Max [255 Update |

Remark: The histogram and the statistical data are not automatically updated
when you alter the ROI. To update the histogram and the statistical calculations press
the Update button.

You can define the range that is used to compute the statistical data in the Min
and Max fields of “Grey value range to analyse:". After pressing the Update button the
selected range is marked in the histogram plot and the statistical data are calculated

according to the defined grey value interval between Min and Max.
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£ Histogram of IIHY_IL.TIF

300x240 pixels; 8-bit, 70K

0 255
Analyzed grey value range: [180, 220]
Count: 110110
Mean: 198.202 Min: 180
StdDev: 4.619 Max: 211

List! Log! Value: 2565 Count. 0

Grey value range to analyze:

Min {180 Max [220

Grey Level Operation

With the tool “LUT Operations” (Image / LUT Operations, or: Strg+L) the brightness and
contrast of the active image can be altered. Brightness and contrast are changed by
updating the image's look-up table (LUT), so pixel values remain unchanged. Linear and
non-linear LUT’s can be selected with the LUT Operation window.

Linear LUT's can be modified as follows:

« a- and b-Paramerters can be selected according to the point transformation

P(x,y) =(l(xy) +a)*b.

- The display range can be determined by a min- and max-value.

« A window-width (Window) and the center of the window (Level) is chosen. The
individual parameters (a, b, min, max, Window, Level) are selected by six sliders. Each
parameter selection may affect the values of other parameters which are modified
automatically. The parameter values of a, b, min, max, Window, Level and the resulting
LUT are displayed below the histogram. The LUT shows how pixel values are mapped to
8-bit (0- 255) display values. The two numbers at the LUT plot define the display range:
Pixels with a value less than the lower number are displayed as black and those with a

value greater than the upper number are displayed as white.
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300x255 pixels; 8-bit, 74K

220

93
Parameter of linear LUT
Parameter a:-93 Parameterb: 2.0
Minimum: 93 Maximum: 220
Window: 128 Level: 156
Parameter a Parameter b
JEE | 5 ]
Minimum Maximum
AEEE L
Window Level
lin i inv & sqr i sqnt ! HE [
Update Histogram ‘ Apply 1

The LUT plot is superimposed on the image's histogram (respectively the

histogram of the ROI if a ROl is selected). After modifying the ROl in the active image

the displayed histogram in the LUT Operation window can be updated by the button

Update Histogram.

Buttons of the LUT Operation window and non linear LUT selection:

lin

Inv
sqr
sart
HE

Allows the selection of a linear LUT by means of the six sliders as described
above. Click on lin also resets the LUT (original brightness of pixel values is
displayed).

LUT for grey level inversion.

Square LUT.

Square root LUT.

Histogram equalization: The histogram equalization is calculated on the basis of
the display histogram (if a ROl is selected the ROI's histogram is used for

histogram equalization)



103

Apply Click on Apply to apply the current LUT mapping function to the pixel data. If
there is a ROI selection, only image data within the selection are changed. After
modifying the pixel values according to the given LUT a LUT reset takes place.

Thresholds

In the active image lower and upper threshold values can be selected interactively with

the threshold tool Image / Adjust / Threshold. The threshold values segments the image

into features of interest and background. Pixels with grey values greater than or equal to

the lower threshold and less than or equal to the upper threshold are displayed in red.

4 Threshold

Reu v,«
Autoi Applyi Reseti Setl

. The Auto button automatically sets the threshold levels based on an analysis of the
displayed histogram This is used for bimodal histogram segmentation. If a ROl is
selected the displayed histogram corresponds to the actual ROI settings (press Reset to
update the displayed histogram after changing the ROI).

- Apply sets the thresholded pixels to black (or a given foreground color) and all other
pixels to white (or a given background color).

. Reset disables thresholding (removes the red overlay of the thresholded pixels) and
updates the displayed histogram (important - especially after changing the ROl

selection).
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Appendix E: SD2400 Energy Transmission Meter User Manual

PECTRUM i
ETECTIVE

General Description

Expanding on our success with sales demonstration tools, our new “Spectrum
Detective” product is able to simultaneously display UV, Visible and Infrared
transmission values. Being a self-contained syste , there are no additional light sources
or power chords necessary, and no adjustments to make. Simply slide the glass sample
into the opening and watch the resulting performance data appear on the display.
Perform LIVE demonstrations of the performance of your Energy Efficient window
products. Simple, fast and convincing; this instrument will take sales demonstrations to a
whole new level!
Features

« Three performance values displayed simultaneously

- Single, double or triple pane testing easily accomplished

- Test any sample width up to 2" thick

« Sash/spacer width up to 1.25”

- No additional light sources needed

- Auto-calibration at start-up: NO manual adjustments required

« Battery operated: no power chord required

. Automatic power-off feature for extended battery life

- Replace Battery Indicator

« Continuous measurements

« Professional Image

+ Simple operation

« Convenient push-on/push-off power switch
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« Small, portable convenient size
- Protective, custom carrying case

Basic Operation

Place the SD2400 on a flat, stationary surface. Turn the instrument on and wait
for the system to self-calibrate. After each of the displays show 100%, you can place
any sample into the opening to measure the performance characteristics. Here are a few
helpful reminders for conducting transmission measurements. Always hold the glass
perpendicular to the opening. Do not tilt the glass at angles. For the most accurate
transmission measurements, the glass should be held perpendicular to the sensors (as
shown in the picture above). It is also recommended that the samples being tested are
positioned in the center of the opening. Be aware that fingerprints on the glass can

slightly affect the transmission values.

When you slide the glass into position, move the glass all the way into the
opening, resting against the stop location. Pay attention to the spacer/sash of your
window. Make sure the glass is slid far enough into the opening so the spacer/sash is

not blocking one of the sensors.

The instrument will continually monitor its calibration during measurements. If the
instrument detects any problems with the calibration, it will reset itself in between
measurements. If you mistakenly turn the instrument on with a piece of glass already in
position, the displays will calibrate to read 100% with the glass in place. Simply remove
the glass sample and wait a few moments. The instrument will re-calibrate itself shortly
after the glass is removed. After the displays have returned to 100% after the removal of
the glass, you may continue with your measurements.

Spectrum Specifications
The SD2400 displays energy transmission values in three spectrums. The light

sources used for each spectrum have a peak response at the following wavelengths:
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uv: 365nm
VISIBLE: Full Weighted Spectrum

INFRARED:  950nm

Battery Replacement

The SD2400 is powered by a 9 volt alkaline battery. When the battery voltage is
getting too low to operate the meter, the low battery indicator will turn on. The detector
can still be used at this point, however it is recommended that the battery be replaced
soon. The lights in the meter will begin to grow dim and make it more difficult to conduct
eas;l/ measurements. Alkaline batteries are recommended for this product.
Auto-Power-Off

The SD2400 instrument is equipped with an automatic power-off feature to
extend the life of your battery. The instrument will automatically shut off after
approximately 5 minutes.
Warranty

The manufacturer warrants all models of the SD2400 to be free from defects in
material and workmanship under normal use and service as specified within the
operator's manual. The manufacturer shall repair or replace the unit within twelve (12)
months from the original date of shipment after the unit is returned to the manufacturer’s
factory, prepaid by the user, and the unit is disclosed to the manufacturer’s satisfaction,
to be thus defective. This warranty shall not apply to any unit that has been repaired or
altered other than by the manufacturer. The aforementioned provisions do not extend
the original warranty period of the unit which has been repaired or replaced by the
manufacturer. Batteries are not covered by warranty. EDTM, Inc. assumes no liability for
the consequential damages of any kind through the use or misuse of the SD2400
product by the purchaser or others. No other obligations or liabilities are expressed or
implied. All damage or liability claims will be limited to an amount equal to the sale price

of the SD2400, as established by EDTM, Inc.
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Appendix F: Physical property test report

Tensile test report
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Test Report

Report oo, 32372081 Date of b - May 6, 2011 page 11
STREC sample e+ MTEA 1172177 1 bjesting T toss mcwhanmical propestivs
Sample Bype | Pelycacbonate Plastic | et pwthad © ASTM DOIR L 1908
Diescription of specimen : witable for testing | Specimen preparaticn  ASTMDEIR. 1598
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Faolty of Faginecring Analyst Mr. Somchit Chiummiangson
Chatalonghoe Univensity Banghok Tharland
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1.Ngt . 543 $34 1200
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4 Npd 315 513 £2.80
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6. Npb~ 60t 0.49 3400
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