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## 5370587221 : MAJOR NUCLEAR TECHNOLOGY

KEYWORDS : X-RAY RADIOGRAPHY /3D /INDUSTRIAL APPLICATION

AKARA AKARANATE : DEVELOPMENT TECHNIQUES FOR 3D X-RAY
RADIOGRAPHY. ADVISOR : ASSOC.PROF. NARES CHANKOW,

CO-ADVISOR : ASST.PROF. ATTAPORN PATTARASUMUNT, 65 pp.

Conventional x-ray stereoradiography is based on film radiography taken at two
radiation source positions approximately 6 - 8 cm apart. To obtain the 3D effect, the two
radiographs must be viewed at the same time by using a stereoscope having two sets of film
viewer and reflecting mirror. X-ray stereoradiography is actually useful but is not practically
employed due to inconvenient and time-consuming procedures. With modern radiation
imaging technology and 3D television system, the x-ray stereoradiography can be performed
real-time or near real-time and the 3D image can be viewed on a 2D or a 3D monitor.

In this research, an in-house fast x-ray radiography system was developed based on a
fluorescent screen coupled with a digital camera. The camera was connected to a
microcomputer via USB port allowing the user to remotely perform camera control and
setting as well as to view and store the image. Finally, test specimens were radiographed at
two source positions then combined to be anaglyph or MPO image format to be viewed on a
2D or a 3D LED monitor respectively. The 3D effect could be viewed with appropriate eye
glasses i.e. red-cyan or polarized glasses respectively. In addition, the 3D effect could be
viewed on some 3D movie players and 3D digital cameras with naked eyes. The results were
found to be very satisfactory and indicated that the developed system and method were

convenient to be routinely used for inspection of materials.

Department : Nuclear. Engineering Student’s Signature

Advisor’s Signature

Academic Year : 2012 Co-advisor’s Signature
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Gd,0,5:Tb P43 Yes | Yes | - | - | Yes | Yes Green 545 1.5 ms low
Gd,0,S:Eu Yes | Yes | - | == | == | Yes Red 627 850 ps yes
Gd,0,S:Pr Yes | Yes [ -— | -— |- | Yes Green 513 7 us no
Gd,0,S:Pr,Ce,F Yes | Yes |~ |- [ - | Yes Green 513 4 us no
CdS:In - || - | Yes | Yes | - Green 525 <l ns no
Zn0:Ga - V- J | - aiYess | Yes| | Blue 390 <5ns no
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ZnS:Cu GS Yes | = |- | — |- | Green 520 mins long




19

2.7 HanMINAMNEINNA

4 =

o a < aa y y
‘Viﬁﬂﬂ"lﬁ]ﬂ\‘lﬂﬁiJENﬂ"IWiﬁLﬂﬂﬂ"lWLl]u [BREGYG] ﬁamaﬁuuumsmamm ﬂ']iﬁli?

q

< o

] ' o Ay Y& a { 4
ﬁﬁJﬁﬂN@\iLWuﬂ"IWWN"]HJHﬁ?lli]ﬁllﬂuu !ﬂﬂi]'lmgﬂllﬁ]\ﬁ]ﬂﬂﬁ"lEJG]'I‘I?I!“I/THIHW"UEN’N]i;l Lﬁﬂ!i'l

v 9 9 Y 2 A g A ' v 3 aay ¥ '
3J'EN']ﬁQﬂ')fJWWJNGLWUN'VIUQLWENGUNL@?J'J ﬁ]glliJfﬂiﬂﬁﬂiJ@\ﬂW!ﬂu f‘ﬂﬂJll@lvlﬂ IWTIZITVIATIU

= = k) &
anvesnmenaunie el

a 2
wuTuiae

ﬂ'lWi]'Iﬂﬁ']“]?‘lEJ NINIINAN U

A

B < =2 a ) 7
iﬂ‘ﬂ 2.14 ﬂTiN@Q!Wuﬂ?TNaﬂWHT‘U’Jﬁ\i"ll@\WﬂlJ‘L;l‘blEJ

U

o A 1< ] U Y = U o 9 A =1 9 A A

A31M 2.14 R UNMUARZIIILIINBININY 011115 1AnNaz 919 1lellaan
Y o Y 9 < v 9 1 =3 Y Y @ A
1Y HAZVBITAYAIAGY WVOURU AUV (FIUAN) MUF18Y03T0) HazHInlaal

] y 9 o Yy o=y & A a g ]
Liaki] 1%@1‘01\1"1}’313@\13@@ 151 UDIUHUATUUN (FIUAN) ATUIN MadudelaaInyaoavg

@

Y o oy < [ Yy Ay ) v o = <
NIDUNU AUAAZ VNITUDUHRUINNINTDI ATUAD ATUFIIUASVIIINIDNUNU AINNUDILHU

g 9 1 ! = g Y
mnmmaawnazmu"lﬂgﬂszmumﬁmﬁummmammzﬂnmawamwm ﬁ’ﬂQGlWL‘]Ju

a <

@ 3 v an (2 g @ 1 <
gﬂlaﬂﬂﬂu V]Whlﬁ}ﬂWW‘UEN INNNLITUBUTIHUA m@ﬁ?@li}uuﬁiﬂﬂﬂ1ﬁﬂﬁaﬂﬂ1i NITUBINUHUDIA

a

Pt o 3 < aa
wypdisegnsadiaes msuesn i lUldiduamanudala



20

2.8 IEMIMWMN 3 1A

' an 0 Y an Y Y ' = v A A @
L. NITDYNIN 3 WA Z‘ﬂﬂﬂiﬂ‘ﬂ"lllﬂﬁﬁ"lﬂ’]‘ﬁ Iﬂﬂi‘lﬂﬂﬁﬂ\iﬂ1ﬂ§ﬂﬂ/‘lﬂ\1ﬂ’]£ﬂﬂ? Iiv 2 a1
<
nla
[ o Y [ (J Y A [ J o
2. ﬂsuqmauummﬂamm 2 ﬁ?iﬂlﬁllﬂuﬂu‘ﬂﬂl]ﬁ%ﬂWﬁ LYY ﬂ’J']iJfﬂ’JI‘l/\lﬂﬁﬁUEN

P 3 o ¢ I Y
mud mm‘l’sum ANUSIOITFAADT 1A

@

Y [ v 1w 3 A dy @ A Y =
3. ANNATN 2 AMNNUVUVINNADY mawuizummiugﬂ‘n 2.15 Tdyunian

a

@

= U= - =) o o A v Yo '
@qmzmammﬂammammdﬂumﬂuaﬂmgﬂmmsmwmmmamm%ag
Y 9y A o 19 =) A A o Y o Y v 9y [
ATUFIIND Gl'ﬂﬂﬁ]g ATUVINUD zwamzm‘lmmmmmmw"lﬂmmﬂ (NADINY 2

o A Y gy P 4
Mz fSouaiouam oL az 119UV 111;!‘198)

o e vy & oy sl o Ay A ¥ A
4. naFaApsU0INABIN 2 AamSounnun1en1ningNdean1s e lininiieanin
A o A ' & v "y @ Y s
milountnniga wIna1en 1w 2 naed lumieunuud eedlsznouves
Ameeseealasunasld
o Ay v vy & Y o o ~ o v q A
5. i ldnnndewisaes lldeda dunneSeadu udrlfinatialunisgnin 3

aa ) ) & A
1A eeelaegnavile INagNIN

Y o v aa
2.8.1 ﬂlﬂﬁﬁﬂﬁlﬂﬂﬂfjfﬂﬂﬂﬁ/‘lﬁﬁlﬂﬂ

4 Y g v 9y @ U A Y Y U [
« 1AUAY0INADINT 2 M Avelinnued I AN GluﬂimﬂﬂWﬂﬂ?ﬂﬂﬁﬂ@ﬂ wazisy

Y g P o A o
NADIM 21‘Hllﬂ'ﬂlﬁlmmﬁ1JEJUﬂu‘1@ﬂﬂi$ﬂﬁ
v
o UUINMIDIYNIWNN 2 NN GSIJEN‘U‘HWNﬂu
' ' & o | o ' ' 7 '
e FTYTHUNITHUIN ﬂi‘g{ﬁ)\i‘VN 297 ATISIMINUTSITUINITTHINNAWATUY Y lW]ﬁ}W

9 ' Aa g YA A a A X Yy 9 o o A '
ADINITDIYNIN 3 WA Glﬁuﬂigﬁ‘ﬂﬁﬂ']Wﬂqauu ﬂ’ﬁﬁ]gal‘ﬁﬂaa\j@gwq\iﬂqﬂ?ﬁf}ﬂﬂgﬂ’]ﬂﬁlu

8Tz EzINd0anIAg 1/40 1arue 190 §13Ag Nz angegH19vIngn1en I

aQ

4

! v
sz 31ua9 %$ﬁﬁ]ﬂl§@uﬂﬁ}ﬂﬂﬂﬁﬁﬂﬂﬂliﬁﬁNﬂulﬂui;‘:ﬂ&Tﬂﬂ‘U 3/40 =7.5 AU,

4
- Tavdnaudrarearvesawst luamnsagain 3 4@ 1dluszezifoany deiu'ly

]
a

o 3 Y o v & o v ' A ' v
m!,ﬂu@mmmmiwmammzﬂzvmmuﬂ Gl'l’iﬂfNﬂ1fJﬂ1Wul‘]J!,§E)ch] ﬂummz"lﬂmwm

3 o
YN TNTOUDUN U ALIU



21

m3eh 22 marelSeuReuanud it sz sz 1Uee T Ay L erINTE HINA O

520z MY IgAUNd0q 00m | 03m | 05m | Im | 3m | 5m

FLHLUNITENINNE0IN 267 (D) | 025 em| 0.75 ecm| 125 em| 25em | 7.5 em [ 12.5 cm

A U @ Y d' A v ~ U
71U 2.15 uamamsmeinguedanaes 310 2.16 mardeundea lilnszazaneg
2.9 MIPGMN 3 UA
oY 1 Yy 9 9 A o Aaly ¥ v v
adldnanmnudrnagduy amnansogiluamaindaldue desilsznoudlenmdes
MNABN N BAZ A INUNG IdanmMI arenmnaeImuruarianulszina 6— 8 o, salu

~ ) ° Y v 9 a - ) 2
gﬂ‘ﬂ 2.15 uwag 2.16 mﬂuuﬁmmmwammwm@wmamuﬂ’Jmﬂmwmmm"lﬂu

1). M3NINAUIAgMNAIBa e 1u3iu (Cross-Eye View)

an g gan ) oW v @ \ y 9
Tﬁuﬂl"]f'fﬁ'ﬂ\‘lﬂWWGﬁWﬂL!ﬁgﬂl'ﬂﬂﬂu L!ﬁ?ﬂiﬂﬂ"lﬂul%?gﬂﬂimﬂf?ﬂ UAANTNEIYAIIATUI

P ) o Yo 0o q 9y 3 g any ¥ [ !
!L’dgﬂﬂWWﬂl’ﬂﬂ'JfJi‘]’l“]ﬂfJﬁﬁ“leéU'Jﬂu ﬂzwﬂwmmmmmmﬂumwmmm"lﬂ L!Gl‘ﬁﬁWﬂ‘ﬂu"liJ

4

< < aal 99 ax A
nsoueuHiunn 3 Mﬂ"lﬂﬂﬁﬂ’]’ﬁu



22

gﬂ@ﬂnnéhqmdﬂ 3ﬂﬂﬂnn§a455a

1 2.17 msaanmgniuuazuosn iy ludil (Cross-Eye View)

U

2). MIINMNGTUUAZHMWIVLBYUIY (Parallel View)

2 g v a 1A ) ) P
msguuuvuil dlumsgnmludnsazind nade mmaudieazegniadio nag

) ) , ) \ ) an A , )
ﬂﬂjﬂ@’]qﬂﬂ ﬁ']uﬂﬂ/‘lﬂ’]u"’ll']’ﬁ]z@gﬂ%‘i"’“?’]!iﬁgﬂﬂﬁﬂﬂ’]ﬂ]j’] ']ﬁuﬂuﬁ']ualﬂiyﬂ"lﬂ

gﬂqwnnéhQ%ﬁa gﬂaﬂnnéquaﬂ

317 2,18 MIInMgRuLazan MUY (Parallel View)



23

At MIGMNLVUYHIU

E Y 9 v v
wounuan ldeennlnda
, A o 9
® Aoy 1APUATHZNOEDENIINNTNDLNT A
r v
o ynziApuATHzoRonal 1Wldamnadeatng wes meg' nw 'l iileunuiige v de

PYAUNAIVDININ

4 A g v v o a <
LUBLTUHUUNIN 3 NN lewsnmmm'lﬂmmwmgmmaw AUNTEMIMNMATINGTD

@ 9 < v g an
lli‘]Jllﬂ HazueURUMWIWAIUN W 3 A

3). mignmumumé’iwqﬂnm’i@mwamaﬁﬂ (Stereo Viewer %30 Stereo Scope)

A v V2, 0 g ¥ a ) vy A a
lu9\1%1ﬂﬂ15ﬂﬂ17‘lﬂ38@11lﬂﬂ1uu 915]1’]111ﬂﬂﬂﬂ15a1"'119\3ﬂﬂWlﬂ,uﬂ@n LAagD1UNANIT

E4 [l
Adou wimhedsuz 18 m3ldeunsaignmainesle axaaoud ludlyrunaniiluszdumils

31 2.19 msl9ginsaignimanes Telumsgnmdnauazyn

¢ a2 ' ¢ & o '
msgnwIaeldginsairiiail Ao Idduniaswesmmaudnidouniounnld

' I~ I aa v A Y o o v <3
e Vaaue19vzued luiHuunin 3 Taluui TiassSumeardannnsz usan 1wy

aay ¥ an g Q:!dy ° Y a Y Y 1w
3 ll@’lhlﬂ NMIUBININ 3 M@lﬂ?ﬂ’lﬁu@m'ﬂﬂﬂlﬂﬂﬂ1ﬂ1§ﬁ1ﬂlﬂ\1ﬂ1€l@]1vlﬂ!%uﬂu



24

2.10 MSHEAINAMNTINNA

1) amuvuteuzna (Anaglyph)
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Anaglyph (red/blue glasses)

Two images are displayed
onto a screen, one for each X

eye (can be displayed on
screen in many ways,
projectors used for clarity)

The two different images
have slightly different
perspectives

Each lens will block a different layer in the
eye they are covering and each eye will see
a different image

Your visual cortex combines these views
and your brain perceives this as a 3-D image
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Polarized 3-D Glasses

Similar to anaglyph

= = The 2 images have

images, 2 images are -~

synced onto one screen ek perspecm::g
N

different polarizations

Each lens of the polarized 3-D glasses allow
only one of the polarized images into
each eye, filtering out the other

Again, your brain combines these two
separate images into a one 3-D image
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Active Shutter Glasses

Two different perspectives
right perspective N i:e:;;i!:etiww displayed

left perspective N

An emitter sends out a
signal to the glasses
causing one lens to
darken over one eye
depending on which
perspective is being

—
\&—", displayed

et s

When an image of the left perspective
en an image of the right.perspeotive is shown, the shutter glasses will darken
is shown, the shutter glasses will darken
over the right eye
over the left eye

The two perspectives alternate and refresh
many times per second and the brain will
combine these two separate images into
one 3-D image
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3.2.2.2 Camera Canon 500D Lens 18-55 Angle Mirror Lens
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3.2.2.3 USB Cable and Hub USB
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MINA 3.1 MINAUAVTAYEININGITITWIA Gd,0,S:Tb JU DRZ-STD U4 Mitsubhishi

X-ray* Relative** MTE***

. Brightness
Composite Attenuation Brightness At At
[cd-m'z/R-sec'l]
1 Ip/mm 2 Ip/mm

Protective Layer PET 6 um
DRZ-STD Phosphor Layer 140 pm 68mg/em’ 0.82 0.49
- 42% 7.1 145%
(Gd202S:Tb) | Support Layer Plastic Base 250 pm (106) (114)
Total 406 pm
Conditions:

* X-ray: 80kV, Water 100 mm (tube side), Dose measurement: Victoreen Model 500

**  X-ray 80kV, no Phantom Brightness measurement: TOPCON Luminance Colorimeter BM-5A,
Dose measurement: RTI Eletronics Solidose 300

*kk - X-ray: 80kV, Phantom : Water 100 mm (Tube side) Lead TestPattern: KYOKKO TYPE 7 (Pb 0.10mm)
X-ray Film: Fuji UM-MA HC (Single emulsion type)

(Lma'qﬁm : http://www.mec-phosphor.com/english/products/x-ray/fluorescent/drz_pi.html)

317 3.9 2 1N50959F Gd202S:Tb §1 DZR-STD U494 Mitsubhishi
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Scrolling tool (or press space bar and drag)
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