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ABSTRACT

X-ray Computed Tomography is a technique to reconstruct an image of trans-axial slab of the
object from a series of X-ray radiographs taken at a prior-known angle. Sequences of x-ray
radiographs are served as two-dimensional projection data for a 3D tomography. The most
popular Feldkamp Algorithm which is based on Filtered Backprojection (FBP) and the Algebraic
Reconstruction Technique (SART) is engaged for reconstructing tomograms. Conventional x-ray
computed tomography was implemented on a c-arm x-ray apparatus where the x-ray source and
detector are capable of rotating to capture radiograph at any specific angle. The implementation
of cone-beam -geometry reconstruction algorithm, however, requires that the center location of
the detector is accurately identified. Any slightly misalignment of the x-ray source or the detector
could result in the error of the position of the center and hence the error in reconstructed image.
Consequently, x-ray radiography tomography is normally implemented on a c-arm x-ray
apparatus where the correct orientation of x-ray tube with respect to x-ray detector is achievable.
The aim of this paper is to implement the x-ray tomography on a non c-arm x-ray apparatus
where the x-ray source can be in any orientation with respect to x-ray detector. To determine the
orientation, we take the radiograph of the reference transparent object, say the plastic box, of
which the coordinate of the landmark, say the corner point, is known. The shadowgram of the
box is analyzed to extract the coordinate of landmark image and to determine the orientation
matrix using classical direct linear transform method (DLT). Once the orientation is known,
modified cone-beam tomography is performed to derived 3D reconstruction volumetric data. The

experimental results demonstrated the potential of such method.

I



oy =
Aafnssusema

£ < d

a = d w 4 o 3 Y sl |2 a a
Tneniinusatuiidisalddeanunianaine1nsdnline srasywd Junigad

a

< Y o o 9 by ' Y
Aldanud Wauuzi Wdefalumsud luilgym uazusanszquuntimm
Y o = SJd[ Yo o = yq 9
vovounszam srasia dosdall fFaddfuuzh Toma saudeeygnlily
g lumsiiisounauidsveadimd
& 3 a va 3 o a ¢ A a
vovouaa ieuq ludealfidnisdnmsdnouiiames tieuq luaiurinnssu
a g a L= o = o o vy a Yo © v i <A
siaanseindsamsunninnau muiidale Wdeda Tidwuziuazlnanuyumae
o av o o ' Yy A
wnszianuItedisegate il 1ddeh
o o o ¢ o o & vq @ ¥
vowszveunm p.uuTnia, assunifly Tnda duiudldlemauazaiugiua
3 Y a & < a £ Yo o Y Y o a a ¢
S ouniSyanes sauie uadvzan mgue N1MHdInmInaeansiameIunus
a o -:; Yo o 9/ =1 ] n’; dy
voveuAa Tannsamazaseunsaniimidsle uazlilemalumsiiouneni
' do 2 a a a P e G v v a yﬁ o
auAwazlss lenisuialinninniwuinivil Sdwenevylnianna guh
[ a o 1 P @ a
$AuazinIIND AaonIuAFoINIITIMINNAIL Ideusy aeudaazueuInaiuiias

) a1 v TR ) a Y o
ﬂ'IU"ﬂﬂﬂiJSgﬁUﬂ1iﬂlWﬂ!Lﬂm1WLﬂ] llﬂguﬂﬂiﬁllﬂﬂQﬂNH'ﬁqﬂ']ﬁl'iUuzﬂﬁﬂﬁ’]ﬂ

= o & o da &
FITANA AUNTAUVDD

I1



LY
N
LTI AT VY LN oo s b I
VI AT N TH TN oovoeseoeessesees oot esessses s 11
DT UL =T 10t . (OO s SR D — 111
BETTIIEU e nvee 1111002815048 48R RRESEREREEsE0 v
SRR YT 1 TSSO TN VII
EATIRYTU e sersesenesess s ssesss s AR VIII
LR T 1 et P — 1
11 il unuas @R Qo QM L s 1
12 FRQUIZAIAYBINUITY 1ottt 1
1.3 CUURGTHUBIMITANE  corrcsrssrerssnssonsssssssssesssssssssssssessssssssesssssssssssssssssss 1
-] a Aq 3 aw
14 NOuAnTounIn AN IFIUOMITY e 1
15 UDULURAVDIITUITY oo 2
o Y o 4w A g o o d ¢ o
undi 2 A1 TREIA VAT DUBATITOUAEATMIDNTITY 1o 3
D1 LIVIIIY o roseose s smsenssssssessisssossessnsnssarisssbestinssassscsseshans sesmesarsesssasasanas s easssdussssasss SR 45% 3
o { o d ¢ o
22 ATV IROIUBATIT oot s 3
s A o a d o o
23 DIAUSENOUUBUATOINUTABABLTY ..ovvovooooeeserr e eeessessesismsmssss s 4
A 4 & Jdq ¥ ¢
24 UsznnUounToIdNFIIINIFIUMITUNNID .ccoooooceicssssenenerressnsss 5
2.4.1 AouRuANISA lons v (Computed Radiography, CR) .....ccoocnniiiininiiinnins 5
2.4.2 73990137 1905 1WA (Digital Radiography, DR) ......ccovinrevviiimsssssersesenses 10
243 aﬁﬂﬂﬁﬂgaﬂiiﬁiﬂﬂ (Digital FIUOTOSCOPY) «vevvevvivsermreremeisisiisisismissisnnasssnas 18
= { Y a a1 @
25 AGAMAATNINGITDINUABUTIADSDWATNARAUIIN oo 19
4
2.5.1 MISHIMIFUUTEANTMTAANAU oorrieerrrevveressssmsssnress e 19
2 4.1 mssuiingaluuundu (Line Integrals) tazn1s 11519A%Y (Projections) .. 23
UNT 3 NOBMTATMNARUINMUUATIY oo 25
1L« TS s O R R ———— 25

v



M50 (919)

9
Wil
32 P13AZ1MNAAUINIA TUTDATUULUNR oo 25
3.2.1 YUIEHNUFUAMAUTINTY (qUIANGUIAT 1Y) 1ovierersesinsorosneosoos 25
322 FTULSEHIINTUAMAUNINY (equally space collinear detectors).........c...... 30
3 a "
33 MSASIININAAVIISUDUNTIY (cone-beam reconStruCtion) .. .eeeesissriremrenesensss 35
3.3.1 TUSOAFUVBITAN 3 0. 36
9 o 's
533 N5 A2 NS AU UUNT VDU AAUANT] e 38
- = s 9 w a o =1 =1 ¢ & 14
unit 4 nuMs15ul3InsadenINAAYINTUAT AN WNTUNABALNTIIVOYN
T SRR BTN S 41
B DIV ot s it s S E  SATES 41
¥
o ar ' ) a o @ aa °
42 Haraniminlugumsad 19 MARuNIaIMIINg 3 NALUUTILETINTILVDI
o
VLB IIRIE] o cioosminsisncssissmrissssmmseaimssssmssasas sotvesrasmsenamemmses s spensm g ST AR 42
g o 3 o o o ﬂ P o
43 SumpumMsiIumTadedarnauuiuaInswveanaauaunIoranes
o @ aa
utin TUSIOATU3 TR (Normal Feld CAMP) w.vvvovrveeeseeeeseeensenereseessressasssssssssssssissens 45
=Y (=1 P 9 o ) V@ v A
A4 1SUINHIAVEITEUUB NFS N I d S uMIMIMAm I MIUTUNAN N 46
3
45 msmadiurlgatuaumsfIuIsMITINNNAAYILDDEWTINTILVEN
E’ .
Mﬁﬂuﬂu‘ﬂ (Modified FEldCAMP) .....oceurrecreriemerieisisiinssme st sassesss 50
o 4 ¢ o4 T I ¢ v
4.6 IADINTNILDNELITVEIDVADADNLLITUDYNAUINY laquazlgduaauns
o 9 o o o A o [l
mmmmsmnmwmmwuuumumns'w‘umMammnﬂ‘nﬂmﬂ;aum ....... 52
- A ) o d o o A d & & 14
UNT 5 Msnaasue N mdauIavessuuBngsdnsfivasannws dagiyulad...... 56
N S ——— 56
d & daq ¥
59 SEUUDNTIS O FEVMADDT e eeeees e ees s sssse 56
4 1 = o
53 PINARDUNONIAINITINADT N THUAEDIVUBN ..o 57
o a g Y aa o
54 sepuMs TNt Tula T sadu 3 TAUUUUTIUTI 59
4 @ ad o Qs aa a @ |
55 psnaasuioaumNAnYIAeTsuDA [ siandu 3 Hanuulsalenuingn

o [
AP UHID TIDTADUTDU ettt s st s anes 60



CRENEGE)

3/
Wi

y o aa o % aa o o w
56 msnaaeaieaiemnAauId0ItuliaTilsansy 3 Tavunlsimlsnuieg

NTINAWNBATIVABUANINAANAIAFIUTUIAT oo 65
= o w ¥
DN 6 ATURNITITOUBLTOTUBIUE oo 68
6.1 AFUHANISIVOHAZTOIAUBINE oo 68
@ A4 § -
T A DB TIBY oo esssssmsesi st R 70

Al Vo aa o
HAUN 1A UNITANUN

n=;l. Yo s a 4
AT S TR ..coo oo mmmrremersmmesmssssmasmpree iSRG B BT SEs 72
UTETRBITOU ..o 75

VI



A3VYNIT

=
TN

. a § 4 o
4.1 ﬂmﬂﬁuuﬂﬁmwmmu X,y Lﬁaﬂaamaﬂﬂmwuusammu z 360 9471

VIl



UM wih
! o a a o9 .
21 (@) fidunuidndisditfunuusn Jaien AousIA 1FUTAY (Wilhelm Conrad Roentgen)... 3
[~ '3 4
(b) THIBNTITIITNUTI cerreeceerreessssrensessassssssssssesssnsesisssissssissismsssassessasissssssssssssissssosnse 3
a o d‘i d d o
39 NI THUD U DIEDNTITE 1oooooooeeoooeseseeeeseeesee et 5
23 FMITINUYDITZUUABNAUANIIA TOATIHH (CR) woorveveeeveccrcrcreerccssssse 6
24 TRTIAT I AN H DI EUDIDUBIDIIEAR cooeveeooeeeeresses s sss s 6
25 wanweiGougeaTlselamirlylay droyTsidlow iWefusadezuanda1d
ad
UAANITDUEU2+ ---> x-ray radiation -==> Eu3+ + €= oo 7
2.6 RIS IUUDUATOIDTUNIN oeoeroeoereeoeseesssssseesessssseeeesb s ssssssessesssssss s ssssass s sssssnsans 7
B3 R T AR TRIITIM,..oxeovmmmescersororstssessanroseesnasesmne ik HHEESTATIRH S R ARV s arvss 8
2.8 FANISTIITHUDUATOIUTEUIAMAN T oo soeeeeesssss s sessesssssssssssssssens 9
2.0 FINITRIITHUBIRN T DIITUTIIN I e bssessss s esse s sses st s s sensssssssssassssisssnsens 9
Y ° an a = 3 A4 Yo w o d o
510 flamsviruasseuaineasa lensminuundoy daldmsudndisddu. ... 11
2.11 () M353098290 TH TR 1A T0A VU FTA UUBIMATN cccovverrvvveeeeecssismssssessee s 11
Rt A L2 iR L5 2 LT X T O —— 11
(©) UARZR AT U IUUAAZA UM UGN eeeereereeseessenmesmsemsemsssssssssssssssssssssssssesseseens 11
[ =Y o
212 mvwntealnsead19adaa USna TN TA1AT0A 1 IHAT ..o 12
213 (2) 2995 1o anAURTaUTHAU TN IATATOA. .c..ceeee e 12
s o o 1 e 1 s
(b) asmuaainuduRusenanseuann marn I TalaToasuanuduuag
T B0 o ——————————e s 12
214 ATHAUENHUZVBTIHIATATOA .o 13
215 fan1sPraueszuuaiaeasa lonsmiuuumedou lasldfeniinnaeud e
A YY) d d o
A1 S DU U B T U NI oo eseseseee s e sesesssssmssssss s sss s RS 13
216 uruS s e LSz UURTADaIsA 10NTIHHHUUNIIODN oo 14
[ 9/ ] @ e =1 d o = =
217 dnya Insaa 319 UHUA IS DD AFITIUUUTIONN oo 15
2,18 AIAISHIILYDITEUUATNDAITA 1ONTIHHUUUNIIATA e 16
aa a Yo a o d
219 Inssareszuvasaeasalenswiluuunansalavladasudndisduuy Tn In
o Ce= =
LU AR DT T DT T oo oo e sssee s s s s e s 17

CRRAILTPSY

VIII



sty (@9)

JU# Wi
2.20 ANU0YDI5LYL (spatial frequency) ez DQE YpITzUVAINOASA lonT Wiy
EUUDU oo oo ssss s s 17
221 Fam 3o unIBIRTABANGOD ITA TAT oo 18
o & & dod T T (T
2.22 dusnas6Nn0 TSR NTITBIROITUATDA oo 20
o o o l:id ] LY =) ﬂ{ F-| 1
2.23 10598 1FIng REM AN EENTMIGANAUNDIWAT (i . |
o o @ d’d 1 ar =Y q“ - 1 = a A =
224 pw5ad lUfeingtimdutszdnimIQanAUNAWALAZIMINISITHAWNNN .....22
@ ' 4
2.25 MINAAUTIUDIT VI, oererreesmsersmsssees s 23
2.26 TUSOAFUVOIIAG £ (1, ) T 0 et 24
g = 0 ar
31 (2) UM IUAUYDIRUAD LUUTA orreeeerrrenersssesssssssssssessssss s 25
(b) IBUNIURUUBIR UL LUUNTW oerrrerermmssmnsssssessssess s 25
g/ L) A a 'S = o v Aa ) Y o o W
32 doyallswadudiedinseimaduduauuia N s s INTUIIEIIINY o 26
53 mnﬂfﬁmmmanﬁuﬁmmxmuﬁ'ﬂﬁﬁagmzwdnxﬁ’u?&ﬁxmﬁu ...................................... 27
) @ .r:'!. =Y 3 = o a aAa ¥ 9 oA oW
34 Joyalswaduiionssimaduduauuuianiiszos e AT ... 30
3.5 ST BN SN UNAN T T 202N NIUAUTIININ (s 31
) o o a J ] _ o o !
3.6 Lsmﬂmmmmumsﬁ%’wmmJiw‘lﬂmmmamumuﬁmuuwaﬁﬁszu:ﬁzmn
Y oo oA 1w
P MU weovsoveeuemensreramsessensessssssesed8555554F4F4448RS3 84383 5 S RS APRVSRERRRR S RT3 0800 TS 33
3.7 MIARIMINAAUINRVOITAGUUY 3 T oo 35
= s =Y = Y]
38 MIIATILHMUALLEaUNTI0 THFUHUUMIUAUUT WU URA s 36
o o ¥ " e A g d o o
3.9 ANNAURUTTZHINTEUULAUNYUYDAHN AT UTADNATULATAWA (¢, 5,7) 0
SEUUUNUTAG (X, Y5 Z) wovvrsvrersverssesssss e sessssssss o s s 37
o ] o é s w o o =1 @
3.10 s2UUUAU (t,s") Lmz;mmmxmuai;ﬂmv‘luaﬂqmﬁuwuﬁﬂm:mmauagﬂww
DT B IEIT oo eseees e s s s e e RR AR R 39
@ P ' Yo d o & 4 & o & a
4.1 AQFLYUUTTVVUAY (X, ),2) @50 N5 091NV ABAID NI ILULAUITINT Y ety
......... 41

y ar r ot
mﬂﬂgam'smﬂwuus::ummummm'sumw (75 3 ) TR ————

IX



o 1
msvgl (@)

JUN gy
1 < oy @ 1 & a 1 1 '
42 sifandusihminauszoziedadoundasmumssee z Tuunaza1 DSo oo, 42
3/ o as oy w - aa
43 nywanuduvesilanduriminauszosudas lugUILY 3 UA. e 43

1 o °y ar P o o 1 '
44 slanguimdnuuy Ta ledaeensgsuuunuYInITUMN o, & Tuuaazm Dso 44
o ny @ P aa
45 nswanuduvesilandnimiinin lainuaaalugUuuy 3 e 44
d ¢ ¢ a4
4.6 TEULUNUVDINAOALONDITY (u,V, W) wazszvuunulan (x,y,z) () mg"luum
=) o’ ' L) = s
F0IU (0) IO T UROITU e 46
g4 & o
47  FTUVUAUYDINADADNSITY (1,V, W) UASTSUUUAUTAN (X, 52) oorrerrerereeerecnirecsannens 47
Y @ w 1A [ & 1A
4.8 AINUAUNUTYDIMNNALUUAUING (X, Y, Z) mgnuﬂmuﬂumwnﬂummu
WDITLUTUSUMMHHIUA T MITUURY M oo sssss s 49
P a 4 o ddq Yo o
4.9 mMIaounaNIUUINY X, Y, 2 yoanasadndson lgnuuuuiaeslumsniy
g4 &
BEINIEELS ) corooeooseeeeseessessssseseesesessesaas s bbb s AR SRR 52

as ' s y d ¢ da i a
4.10 §ret1anm Tsasuiionaoadnas dinmsasuiinnauuuny x uaziunu y 1n

0-60 af 1Az IUMSIAUATN TUTIIATUDIN 0-360 DI cvrrirerscssvirnree 53
3
411 nmaauneTaoldduaoundaTusendu 3 TAUUUNA ..o 54
¥
4.12 uananmsavne laoldsuaouutaTusondu 3 TauuudS U@ 54

! s kY o as aq o Y aa a
4.13 Wivufvuamaavnaveagiduntiy, amdavaeitudaTsiondu 3 58 uuilnay

Y a =1 o aa o
AAFAUNITUTA TUSIIATU 3 A UUUUTUUTE s 55
o o ¢ ddq Yo
5.1 WHUAIUDITZUVIDAFTINIFIAQNUYU weovrrrrerssmmrmcrmnrmssssssssss s 56
4 ' o o . '
59 ASNAADUNEYIAINITINADT MU THHAZAWUBNTNTLIZAI ceorrervereecrrsinenne 57
53 panmTUsndui 1dasgninnduRiasumiewoIgad BT W 58
@ o aa 4 o aa [
s4 Fszuumigdanmaauinedaedsuda Tuseadu 3 TAUUUUTNTE 59
ar 1 o y o o 9 A = =1
55 nmldseaduiiiianuRaioy @) ndvhmsud lvdo35 Ina Tudiva (V). 60
d o [ a a o a
5.6 szusndisindoniagiiogiulased1aBe it lF UM NAINT s 60
@ a o Yy a o ¥ 3 (3 '
57 3nq (n3zgnuy) NeglulaseifigadnBaiiAIuaIANINUA 8 AIMNUL s 61
= [ ~ 9 @ w oA
5.8 AnAgAvea TRl TuMsMIFIUINTUTURINI s 61
3 o Al Y o n’; '
5.9 FoyalUsaduit 180y lumsmpIngaa 0-360 DI 62



sz ()

PRINT wih
510 nmldswasufumsmmdnlsnsdiuiirmamsownin M Tavszdeudenyaiiia
° " Y a o a ' g o A a 4
funiiadnasa 8 gadaluzuu (MaumAuag) S1ININABAMNAUAUIINILATA M IND
ATTVTOUAVIIGARD .oreeererrsessvsnsossosses oo 62
5.11 61981900 1U5AFUAUMTMIAUUTNITUTURANI oo 63
=1 1 @ A a A ¥
512 N1SNADAAINAUAUINWATA M INDATIVADUANUGNAD oo 63
W = 9 9 aa o @ aa a
513 nmaaven ldnnmInaaesdadsudia Tuseadu 3 TALUVUT 8 e 64
Y AN Y 3/ aa o @ aa a
514 nNEAvIan Ianmsnaaesdidsulia TUseadu 3 TAUUVUDA ..o 64

515 Twea 3 TavesnmaauneilgssudiaTusioadu 3 TRuuudivyge amuwiiluea

-4
FaU53105 NI THUADFINUR e 64
g & ¥ o a ¥y a a
5.16 szpuiSndsindeningnasnauiiegluTnsad1eBanldlummaneeniv. e 65
5.17 dreg1anm Tlsnduvesingnssnauiildmanssmanuianaiagalsnms........ 66
5.18 dhptrnmFavIwesIagnisnaviilimaneamANUAANAIAETINAT o 66
5.19 ¥uAvesiAgnsanaNRiiFluNITNARBUNEMIANUAANAIATAUTUIAT e 67

s o 4 n’a’ =1 Y aa
6.1 Wivufvunmgavnsvosnuuiaeus Taunu deldduneuuiin sweagu 3 Ay
a y 2 > o a an ar '
Und (uu) e 14 Fumeutuaeuutalusiondu 3 TAMUUUT VYT @19 68
o o y z =1 @ aa a 4
6.1 Wioudivunmaavnavesnszn e ldduaenuiiaTuswadu 3 iduuulng (dw) 1o

¥ ¥
I unputuaouutn TUsaTu 3 BANUUUTUUTY (V) s —— 69

XI



1.1 anuihanuazanudingvedlam

a ¥ @ o % A d sdq va
inﬂ'ﬂi}?&lI;]ﬂ'lﬁﬁﬁ'mﬂ'lw?"Iﬂ‘“'ﬂﬂlﬂﬂﬁ‘m'jjﬂﬁlﬂﬁlﬂﬂﬂllﬂﬂﬂ 5$UUﬂJﬂQlﬂ3i’)QL9ﬂ"ﬁﬁﬂﬂﬁl‘ﬁﬂ

o a

o v Y d o ¢ ' Ao a v o W
ﬂ’J']ll%’Ik‘ﬂ‘LmEN'E]'E)ﬂLHJ‘]J1ﬁﬁﬂ@ﬂl€]ﬂ‘ﬁﬁﬂ’]’]ﬂT’JQU‘L‘ILlﬂuﬂ‘uﬂﬂﬂ'ﬂuﬂ’luuu’llﬂﬂ’.}ﬂuﬂﬂ'Jﬂfl

9

¥
= =

4 o o 4 & & @ 4 d & daa o ' ' 4 a o
s iasndisd Tavia luinseadnadisdnined gy iniesdersy wiimsdiounu
o a o 1 9 @ 1 = - 19 1 < s Jd w -3
yosganuliadana1r ldnseiuedianzidonii 1331u0gua TIUTEVLIBNTITONTT1IVUIDN
A 3 Y a wa w o py o & A A o 1 < d o o
ol lurtealfiidns msdSuunuazsildluszaunils daieiimsmemmenyisduags i
ar = = (] 1] 9 F=1 =Y
Soynunadunmdayng szdanuianaraurdsey uas bimwsoven1ddr finnmdanaie
Y o ] Y Y d o _dq ¥ |22 A4
wnveuiiisala HAZIHRINNANUABINITAS NI TUVIDNTIS U DL UAMSINDEI
W ° a y g o d a & 1o
nmdayNwudnge Tasdjudanninsoudadisdsiaviges Tsalatl dalisuiuezdes

]

4 A aa A4 a o da o ' d o dq ¥
FOLATOIBENUIDHDITHNUINAUING “ﬂilJu‘rTﬂuﬂﬁ’J’l\‘imlL“riuWi’)s‘luﬂu‘uﬂx‘l‘l’i‘ﬂﬂﬂlﬂﬂ“lﬂi’ﬂﬂ?)tl

L)

3

a [ o w o d o y o @ & 3 LY
Tunuadeafuvesingsudaidiadndisd feifluiesdiiy Fannugndosszsuegiud

e

o | Y o o do NY o &4
"lJ'iULﬂ'iﬂ\‘lll@ Wﬁlﬁuﬂli’]ﬂ'lﬂﬂﬂﬂ'lhlﬂﬁxﬂﬂﬂuﬂ

1.2 gaiszasnvesnuidy

A o 3 o 4 & & = 4 & o a4
lW‘ﬂ‘lJi‘U‘lJﬁ;\‘Iﬂ’I'iﬁ‘i'1\1ﬂ'WIGIﬂﬁJ’J'N‘U?Ni%‘ﬂlllﬂﬂ"h’ﬁﬂﬂ'iﬂlﬁﬂ’ﬂﬂlﬂﬂ%l‘iﬂﬂgﬂiﬁﬂiﬂ‘]

a =
1.3 auNAFIHVDINIANY)
o Ay v A o 1 d o T
ﬂ1WT'1J'iWﬂ‘b’HLL‘1J1JﬂSQUT'Ivlﬂil'lil"lﬂ'iz‘lJ‘UTlﬂJﬂ']i'J'NGI"IlmuQLLﬂu"UENHi’lﬂﬂlﬂﬂ‘h’liﬂuﬂg
—

v oW W o @ o LG o o 4 o v oa
TuunaRefufuingswdairiadadisd asainndnnuienidulsmsyfuniamii

\-l [ a Y a 3 =
Uﬂiﬂﬂuiﬂ{ﬂ‘]ﬂ‘ﬁﬂ'liuﬂﬂsu‘]ﬁlﬁ’uﬁli}ﬁﬁﬁﬂ"lilllﬂiﬂ

=) a ! v
1.4 nquinsemnanufanlilunuise
[y [ o a Y
Wumsdsudymguimsaiuamdavnauuaduand Tasldimatiansliudioy
v W =] o o " " o = v o < o ¢ o b4 et
F15UBnd158 (X-ray detector caribration) M55 ufibud@ITLENGIH Aruald9nITns
= 9/ a an ¥ a = o o =1 C4 o o Y '
wasFaduvosaumsiwain Taowan ldvinmsdsuiivudisuidndisdzyilingud
=] d o o L i v W - a a @ w
navadndistiigaguinataienmirianndeuiivela uazszuvies lunniadaun
Ll =] g/ [ [ g Y o v a ;’,' &2 o oW o
Youifivala doyadinanffedoyadaudsmsdiuiam smiudaihaiulsnsdiy

a @ U ' o a d { o "
frnagand i s lumsadnmadvvearaduand wai ldTeesiidumiage



L4 qn:{ J g Y o o at ::5. =1
AUINANNIN 3 uanNgNAI LLﬁZﬁ'liJ"lﬁﬂ!.LﬂﬂiLIﬂ'l"lli’]%']ﬂﬂ‘U’Oﬂﬂ’l‘iﬂi‘u‘izu’lﬂmiﬂ\iuﬂ‘l}ﬂﬁ
F4
=]

d o oa Y
FEUUDNYLTYNT I WNUULDN

1.5 UBUIUAVDINHIVY

=2 o 3 o 4 & & A d & & 14
msAnMsdTudiamsadianmmdaravesszuundisdnsdinasaleNFTUagNYY
&£ = =Y o‘y ] 3 1 4 w1 o
a9 Faluinoriinusiies Buuilomoonitiu 6 un Tuudazunazlitiemassie il
| U = o o 1 @ o
undi 1 nandennudunuazanudnyvesilym anuyjaminouazinglszdnues
MSANYT TUNATINUBINIUTY LAZVOUUAVDIITHINY
-~ 1.8 Y o aw A g o 7 4 o o
UN# 2 nanenwing linenuinToudndisduaznmendisy
UNA 3 AAIDINGURMIASNMWAAYIUUUNT I
a 1 =3 = o kY @ a o =1 =1 d o
UNA 4 nandanguimsdiulgansaienindariyiaduaingwns tnaeaenaisy
!C;u ]
agnAmmalag
= = A 3 o d J o a 4 o & a4
YN 5 NATIDINITNAADANDA 1IN INAAVINVYDITTULIDNHITINTUHDBALDNBITIDYTN

yulag



UNN 2

Y @ a v A s d d s d d
anuin linenunseudnasanazMNONFLY

2.1 N
4 " = v & A e d d o a d & & ¢ A
1‘”‘”1‘1u%&'ﬂﬁ1?ﬂ\3ﬂ?1uzﬂqqﬂlﬂﬂjﬂULElﬂ“MﬁU, ATTINADNHLTY, @Qﬂﬂigﬂﬂﬂﬂlﬂﬂlﬂiﬂq
o =& d_ o & A 3 o ddqu 4 ' 4 o o
ANLUALDNHLTY Elﬁzﬂﬁgiﬂﬂﬂlﬂﬂﬂiﬂﬂmﬂ“ﬁliﬂﬂi‘b’iuﬂ’lﬁu“'ﬂﬂ Gluﬁ'luﬂ]ﬂﬁﬂ’lﬂlﬂﬂ“miﬂﬂz
q(

' =2 a a o g/ @ 9 a & ] ﬂ 1 e a
AA1INY ANATTATNINYIVDINUNITTINATNAAUINT FISLUVIDDNL uﬂ]'ﬁﬁ’lﬂ’lﬁﬂﬂﬁzﬁﬂﬁ

msganaw, meouiinsaluuuaduuasms Isnadu uazmsulausaou

(b)

vl o o

c:. d o a =Y g Y .
gﬂ‘n 2.1 (a) E\fﬂﬂu“ﬂlﬂﬂ“ﬁﬁﬂ!ﬂuﬂulﬁﬂ 70184 ABUIIA LI UNIOU (Wilhelm Conrad

o d o
Roentgen) (b) NMWIDNBLITUNINLTA

1 v
= [ <

s d
2.2 anuimllineanusnaisd

d ¢ M v M a A A 1 o vy 1 oA W
IBAYLTY D I 113D uﬁwuﬂﬁm'ﬂm"l:ummmnmmu 'lﬂmumqu LY RYINVLLT

g n’d’

' o ﬂ q’: & ' d ﬁ Aot A g
a19555uA Bndsdinanazduinivuuazoyma vowuman i nlynaudUINn
AMWUIITNAAUAILA 0.04-1000 SIAATON (Angstrom) (BIAATON AD NUILIAAVIIFD

A @ ' W =, a 1 3 | ] w o A <
AdY 1 Saansaw (A) 1Ay 107 wudas) 3o egsendnefsdunuii Ausidganiihlena

wa d e d 9 A2 o 1 " ] 1 wa a |
- quantAveudndisd adwadetuuasadiiesssuan udauing udguanidnia fo i
° 1 s 1 13 1o ) oy o
Smnanzgnealsiuinga q ldnnthadests Yuegiu anumiviy uaziminozaoy
' ¥ ’ ¥ y
493 Jngfisuriu uennniu foh fiAamsi/asuuas vamaaddizuazdu 9 8adao[1]
wea g o A 4 o o @ a @ i a
UszSamsAunuibndisd gndunudndisdiunuusn fe inidndnuvesiu ve Jaiew

a L4 ya J < (Y 4
ADUSIIA ISUMIAY (Wilhelm Conrad Roentgen) n1sWuHiAadiulunsuty veaiun 8



waAsnow A.7.1895 nwluReananes u umInnderuga (Wurzburg) Uszmeiwesiiu

a d

3/ a d o @ a A P o & o P o A A
Sunidu ldnudndisd lavTude Ao vaizNu1MdaiINTNANBUNYINUITBINITYANAUYDI
[ @ =1 [ csl
98unINA (Absorption of cathode rays) lWNFUAAMNNTIALA INA NOBALIINHADANAADY
° & { a o . % : a A
Al¥nszauudanniudie uuSoutardluleor lua (Barium platinocyanide) 1NAITBAT

5 A Av a =) o 2 a

(Fluoresec) WU 320z lnafiga NGalin13130udauunszAIBUYI AD 120 IFUAINAT Tu

| o/ o

= o [ g P kY - “ v a UL Y
vazdraiy mdunariugnd #a8aus A AmdouuGouadulynlua agveenly
a a ¥ u’: { [ 1 [ a s 2 a [ 9/
Aoudurafaieanasiiugan i  7'hieg Tuszuzvesiafiunina Suwiidudediadwld
as a 1 4 4y 1+ 4 o @ vq 9 @ o
unusadrialndtuuda nazlidoiudndisd (Xrays) uazivlaldnardnnarvdlaim

' o o e g J d i

A1 11 NMIFUNATININLGNLAN (Penetration) YBAUDNFIIGRIMATEAIY FuTans uae

Y o 1 & o Y v a A vy o 2
unsestarnuiioniavosny nazn ldawnmssd veadeveansson 1idae Tuiigainide

' o
YszmaliTan1ddh i lddunudadisdidununsnl]

2.3 arilszneuveansessuiiadadisd
nngii 2.2 waasfamsauiugiveunieudndisd Taoialuszamnsouon Idiu 2
daunees T3] 2sesusnezifunsesildadredind nfhus ags c?wzgn@‘im%’w"lﬂﬁifmmiuﬂ
wazunInaveanasadngisd ﬁ'mﬂﬂﬁnmqqﬁqndngﬂﬁwTﬂﬂ%’wi’fﬂuﬂmﬁuuuuwaw
w1 (Step-up autotransformer) uuuﬁ'mﬁmqmawhu'mlsz‘s'ueﬂszumﬁa‘lﬁzﬁﬂﬁﬂﬁqqﬁ
y

aa o o @ a a = i a o 1 =
Fov Taefifimesianszuaszdviaduoniegiiduiidie daualadidonaund (kv selector)

] 3
- =1 1

@ =1 { aa do 1w [ =
wtﬂumxﬁﬂmmﬂ mawﬁauﬂmﬁﬁmuﬂm NAIUUISUHUIADT ﬂﬂTﬁﬂlﬁﬂﬁTmﬂUlﬂ'}ﬂU

L)

Y a

&0 Tudana3nduaa (Exposure switch) sxsimihiiniuguansnafildendndisd davay
find (Voltage compensate) Fandhiussduvowiidenmieutasusagalinniunse
anas Tunsdinunasse i lidesedy wielseduniniiu 230 Taad
2sludufiaesfienesildnuguanudeuveslduasanasaidndisd ldnasavzgn
v l#Zoudednd IWfhaduuuna 6-12 Taad Ainszuailszuin 3-5 wond gungivesld
wavavzinadens navesnszuaiauendainuaIna lueTua ﬁ'ufufhummnqmmuﬁ
voildvaoauazunasnisluesldanaon (Filament supply and temperature control) ﬁagn
semInmsmguuazidensilaueni (mA control) nfinils msidenmilauendezidms

= " a ) = H é
denmdunailalgugiivomiomlasldvasa ee109: 145 Toduan (Reostst)



@ kV meter
Exposure switch

High tension
‘r Ll Ll
supply

T mA meter

Rectifier _[

Timer

KV selector mA control QZ’
Mains ¢ X-ray tube &

/ V-C t
othg ompsator Filament supply

T And temp. control

Voltmeter @

a o o A 3 &
'iﬂ‘n 2.2 HINTITINTNUVDUATDIDNNLTY

G

& « . & dey ¢
2.4 Usz1NNUaan oo nasaNIF UM sUNNe
Al o o daq o a a d 1 c:‘ 1 = A

UsNNUO AN 0D NTI5IN 1% 1UNITUNNG ILINO LR UTLEUHIZNAINIRNNIZIATOY
=4 o o' aa A ;:; a I} I )
woasoluszuuataeadailuszuui ldiuedauns vareluilvgiiu[3]4](s] 6]

2.4.1 aeunAANtsnIen3 1WA (Computed Radiography, CR)

n1501001 59891211 (Radiography)  1uszugiian 40 Yikum 1dlinistinessuy

1 o 9 [ Y 9 o ] & ~
AMETEY (Screen film system) 11 1Faunt19nT 199 mag 185 uanuivuaeioaauds

a o P w o - a ¢ W A a a 9/ ay Y
Vagiiu msu.ﬂauuuﬂaammnuﬁanmﬂﬂanmsgﬁanuﬂﬂ:sﬁmsawanﬂﬂw‘lﬂn, 1vun

v @ A 1 1 I u’; 9/ a =3 a ' o d‘l
wagad1w 1 lunssused uaglsdnuassauiims lynuduniewan 9813 150A1113I D
- a o w ' o o ~ a a o A

Malulagnoun AR INISHAINIBEI3 A5 IUNTENA 11 f.9. 1970 15HTNITHUDUATDY

a a 9 o ] o 4 o 9 ] @ A A a " a
aounuaosu g audunstiunnniwn®so laolFuHutunna NN un1oNINANAR

. 9/ ' o u’j A o T a c; Yo w A 9

(Imaging plate) W1 1Funuszvunmaioildy MmiuTnitewHusumanaan ldsusidudn

v 4 ] ;’f 4 ' a [} o 1
118 1uA201n30981UN N (Imaging reader) 1IMIMIATEIILD WA IdauLUHUHAUAD 11)

¥
= as

' o Ay A Ty oA Saq Y 1 a A '
’E]U’N‘liﬂﬂ’luigﬂﬂ UQMJ’EJL?TUBQUN?]@Qﬂﬂimﬂnl‘ﬁ‘luﬂi]mﬂuﬂmllmwaﬂ, INTDIDIUNTIN
. ! v
=

o y =1 = o o (% l
59ufeRnT e Ud NYsIRNIL VY AEC. T51m1hge 5auMan1siigesnugeenn uazazdeudy

¥

1 Y Y 1 s [ ﬁ' =Y = ] Y A
ﬂﬂ‘]ﬁﬂﬂq\'lﬂ"]ﬂl‘]fuﬂu ﬁ']‘u‘iJSzﬂﬂﬂﬂﬂdlﬂiﬂiﬂﬂhwmﬂﬂﬁﬂT'E]ﬂ'i'I“v'lﬁHJ'I‘iﬂLLU‘ﬂulﬂﬂx‘m



Computer || Data Storage
control (HDD,OD,CDR}
|
|
+ +
Image Image
Reader Processor
" Image
il Automatc film <\‘:]
@ : processor Recorder

CR-image

5171 23 Mamsvhanuvesszuuneuiaanisalens il (CR)

a " @ W o { o d ¢ de Y
2.4.1.1 9uNANAA (Image plate) Lﬂmmu'suamumummwﬁ'lﬁmmﬂmsuwmum
9/ 1 Yy o a a 9 1 a = o '
Arhoumums 19RSy Tuwuudy Sumamanadnnudunaadn IndeanesHuuIALLNY
o =
nulsEue 0.5 mm. nABUAIwAITHO AN BT (Photostimulable phosphor) $1WINILBTITUY
4 = :
Woeelsenlad (BaFX ;X= CLBrD) Falat(Dope) 20 glailow (Bu2+) vuniszanm 150
y ' a [ o [ | a d dg
lunseu Taudleurn Sumumanldsundanussd sz nszduldsaanseuvenaniu’
b4
' o ) [ ad
g IuFUABUANGUILUU(Conduction band) wazgnandy Taudiannsouunsy (Electron trap)1u
n’r’ da & wa d o o o o
Fumof ALY (Forbidden band) Saligaiamialumaidundsauidamanuduilasy
' Ay ¥ o s o4 A ¥ A o ' 4 . ' 3
Tundazyai 1d0nmadnmsd nazuduiivzidewa ldilioi lduniees muiniudy
2 o a d i o a
uas Fevzlddmauaweslnszduiddidanseufiegludurostaauuuu nqanin
a d @ 1 a { a '
SidanseuunsvuazndugaoIuzANNAUFILY (Valence  bond) Biainasouszildes

wasnueeny I LIae Ailnuenau 400 Wi Tuwasuda ldhdwvneonasne 14U

51 2.4 Tassadrauazdnyuzvesdumunan



.. X-ra
Radiation Vi Y
Conduction
© Forbidden
Valence
———— | QO QO OO 0O

31l 2.5 wiinwesGourges Tsaladilu Tayl Aoy Tsilow diesussdozuandald

ad o
910AAIOYU Eu2+ ---> x-ray radiation ---> Eu3+ +e-

T A @ d o s '

A1 17 (Sensitivity) VoL ud N AmanzinL 1 1UNTAsIILIDAFITININAN
o P=y a v ' s & a o a 1 3
Adunasiinnududaduuinnifidy Feesuioaevazidvane 1l

1. anvase luasasesusedlSariesy wHudumawan® 15 0AT I

[
ad g J s

13 udSafididannnnifduuand 10w ldauisoaadSuasdaldiudie

1&unlaei L ¥ auduswazidvavesnim naziduse Toai lunsdin ldySumssdan

Qo

1A d o 1 [ v =
N7IMAIT (Under exposure) Aamsadsunaanmnlunonasld (Post processing)

1 o ' o 1 a o e A
2. ﬂ'J'IN‘l'JﬁJ']ﬂﬂ'J'I'jg'UUﬁﬂH 10,000 1 ﬂ?ﬂlﬁllﬂuﬂulumwaﬂﬂ’ln’ﬁﬂﬂﬁ']‘ﬁﬂﬂﬁ\iﬂiu

a

Ysuantesq uasIiaranmitsedu Inuaina (Tone scale) 1N19110 VBAANUUANATY

1

4 A da 3 Yo ¢ i y & B @ a5
youilowoninounsia  a191danaay Tavna ludrvzasrndumonaisolulsuim

8—4x10 Trlaou /1 inwa

Imaging | —»

Laserbeam  ——p )
Plate P-M Tube

44— A/D converter

Digital data

51 2.6 AamsianuveUnTosIuNH



Ecanning laser beam

Patient exposed A\ 4560 aec cycle time

X-ray 2
sysem / ' 9? erasure “CR”
! unaxposad :
L
Image procesaing end
Imaging Plate contrast enhancement
X-ray Exposure Reader/Processor )

o i
31 2.7 3EUVIATEIOIUNIN

2412 193999140 N (image reader) (HUIATDIDIUTYYIUINUAUBUINUNAA
o o [ = a 4 ' o aa _ < R o
NEANISRIUT SN YU EIRUIA VNS 098 WA ANUUVATADA (Film  digitizer) W301A1Y 03
o a v ° - s & a 4
AUAUINDS (Laser canner) NHINNIINAWAIUDOULALIYDT (Neon-laser) FIUANUIINAU 633
o o o a 1A & o ]
uTumas §uaaased (laser beam) szgnauny TuSwSnausudumunan suiudumis
Aa d = 1 = 2 Y o 9y
#ididnnsouTan (Electron hole)  Wazundvinuuasanfiazued Favzlnszduiiild
a i o [} 0 ] n’: ad Y ' a
Sidanseumganeni Wedmaaamesiudumininly Sdansourznduganiuzian Tay
9y » [
mondsaeenniuglvesasdiniuunu@or (Awenadn 400 w1 Tuwas iugeniu
= = 9/ [ 9/ a 9 o " =1 o 4 e’: =
uaagd ) Hanuduuaahiuanuduuaaaun lafunamsownmidngisd sniuell
o i a “ 1Y ad w a o 43
vasaveouds vmrhidouuasi 1850 dnaodudidaasounazdaunusiuauldunyy
4 s J :: 1 a Q =i Uy o 1
welddyaa Ivihdanuusanniunmiuleddlddimavnodygrudnnds dygaild
Wudya auuy ouraen wazvzulaadudyanuatnen lasduasdygueurasnily
aa d' [ 9 a d g/ aa
A3n00 (A/D converter) iNodadoyalineuiiamesszusananauiiludeyanmuuuainea
o 1

]
= o

2.4.13 103091352470 (image processor) uduiivimihnlunsisuuaa

9 aa dy v &4 ' 1 - ; A &

Yoyanmatasan ldnnniessunm szeglugduuulums (Binary) niomugiu2 &9
1 d’i o ¥V

wivlszurananals (CPU) muluveanissdszulananin snideyalidszuianany

Y o @ o " & ' =

udwihmsiSudeyalilugduuuvesn iy (imaging format) Faeursonvuaann i

a o o o z
AU, ABUNI I ,ANUANFAN5 U UIZAVINGY (Gray scale level) Mimuzay 1iniuee



1 d o ' ° ' @ [} : i =] L S o
dadoya linudamidennud niedalidamissuanwa (Display unit) n3odatoya lds

o A

d'l d'. ] ] ﬂ( ] U‘Lﬂ
[ATDIVUUNDNTN (Image recorder) INDDIWATHAIVULUHUNOUAD

Digital
’ —>» Computer
iqi . image
Digital data Unit g
Storage:
HDD ,0D
A ] Contrast <4 v
Digital
image = ¥R *
| Intensity 4

14 2.8 Aamsvhanuveansesdszuiananm

2414 19309141 NIN (Image recorder) Wudmfinmehilunsaisnmay
uruFay Tﬂuﬁﬁagaﬁﬁmaﬁmums1Is:maNnﬂ1wmnm‘§'ﬂqﬂ5:mawamw Whandadauii
ﬁ%’nﬁtymm1ﬂﬁ11ﬁnﬂuummma?ﬁﬁmmn’fmmmmmwmwmmmn’fni’fa:gamwﬁ
1850 udrnnauauaesawrudduswRnIfumsaunuiuuHuduuwan i

] '3 Y Y Y o { o a
windlan ldsuanuduuasmudnuazvosgloivaziituin 13 ludumunwan

Image
4 <:I 9 | | I I | | <: Digital
n Recorder Digital data

image

U 2.9 Aamshaveunieaduiinam

2.4.1.5 YonveansenoNNAANIAlans 1N
1. fiholdsuSuasdisonduuuian 5-20 i

2. anvorRanainlunsaann



10

iy

3. AANISIDNLS O
= o
4. aasuadauide
5. AMITAVLIUNINNDYIIWAIDUAIRNIZYA 62
6. TUNANMNIZULUAIADA
= a a 9/
7. ansanuimnmu 1a
v o 9/ ¢ o o dw E R
8. mydany gudeyadanduinusiugimudoyadio
3
9. ¥ulunasgnlaney (Dicom) 14
2.4.1.6 YodesvpuninanunuaMsaleni WA
1. SINUATOIGININ

2. M3FITAEIWIN

2.4.2 Adeneaisnlonsid (Digital Radiography, DR)
asnoasalens il d1a01n asufiuansalens i 109910 Avmeasd lans e
4 ] & LF— ] = :;- o L o o 4
PERLULIAS DN RNz EIY FeluTdmdumawan  Aeuisei ldorenmsed@nuinies

o o’ dy v 1aa = el 9 a q’: Y w A =4 o
lﬂﬂ“ﬂlﬁﬂiﬂﬂ]lﬂ LlﬂﬂﬂﬂﬂﬂﬁﬂiﬂﬂiTﬂﬂﬂ:ﬂﬂQﬂﬂﬂﬁﬂU'ig’UTJﬂ"U!ﬂiﬂx‘llElﬂ“h'ﬁU L‘ﬂUﬂ1ilﬂW1$

1

A 4 ¢ da

1 u’: r [ 9/ dy 9/ 1 2 =1 o daa o A =1 o o
Wiy drethanseudndsinldszuuil ldun inseudnaisdasneanily, nTeudndisg
BIUNIUDATABA (Digital chest X-ray), ininavaoauuy Tuns MW (Digital mammography) |

A =1 d o . 3/ [ ' aa a
1n53098NF1567U (Dental radiography) 1HuAY nazfemusaulalszinnvoainoaisale

& o o d oA
ponilu 3 Uszam mugluuvvesiiaendisd Ao
aa = [V V" 1 d d
2.4.22 szuvadneasalensuuumaedenlauldiisuld nasanuussa
(Indirect
digital radiography systems with CCD )
3 d a v o d ¢ o o Y A
vz ldvqoatsmaud ASaABa (Fluorescent crystal) Wudsuiongisggsazimin
4 ¢ & ) 8 ' ¢ a A "y Y o
wlaudndisdifuuas udavdumsvesgessmsud asanoa wwendeauloud e

A

(fiber optic) waziweune lUsiddA (ccp) nieldaudsuasldinuniilvedda

e

Tauda vzvimifiudas Tlnouvesuas (Light photon) #i 180 1Avlgeaismad a3anoa In
y
naoudyana i Electron) miuda lfsdunlasdygrueuasmiuiiaea qaie

v aa [ " i g [ a ¢ A [
Joyadsmoasninizgndise ldanouiiunesivedszuianmse 1)

oA

Ly - . aa = < Sy
szuvitiidedfnesiisingnninszuuataoalsd lens MALLLN1AT (Direct digital

o M [ 1 a

radiography) HAYDITUAD DRIIAIUTYYINITINBTYYINUIUAIU (Signal-to-noise ratio, S/N)
' ¥ $ 3 o o

a V. ow oA =1 = o s o
UAIRINIT NIUININEISVUU ﬁ’mlﬂauuwmam‘ummﬂmst?'lﬂtfluuﬂa Mﬂuu%uﬂaum‘ﬂu



11

o &£ o a = ' 4 @ °
wana IWihdni dehldiiamsgaie sendnmsn)dounaaiudayana i vildnaw

a A9 Yo '
azBUAUDININN 19A1N1

N
i Fluoresent
& » CED
L material A
—
@ud
h 4
Film recorder (Fiim | Computer
* camera) unit

a o o aa a = EY £ Yo oo o o o
U7 2.10 Aamsmhauvesssuuataoasdlens iy umoey saldmasudndisaiiiu

F&asusmud

A Add A 4 a 2a v Yttt o v a
IHINNHYA HUUIALANINY 2x3cm ﬂQﬂﬂ\‘li"ﬂ"]“'ﬁﬂﬂﬁ’]U"‘]ﬁ'nJ-Ii]ﬂﬁUQL‘ﬂullﬂ’J

ac o o ' o | o '
w195 msaunudndisdifudwauriudadiae nieldaudsmuasyiy

(a) (b) (c)
31 2.11 () m3uadrves i TnlaTen uu 33 wuvwain o) gUivesdada dldou

959 (0) udazdnrasuna luudazAumuanaiu

y o 1 a . 4 o
Tassadeves 338 danvaziduuriu Tadamen (Solid state) 1199 Faii 1 1nla Toadn
3 4 =1 ° ] [] o @ @ q’z’ a w
fymafuiidng Sruaunnenseguuuruil nozGsadimluuuiduazuuiueu Aanu
ﬂ = 1 a | agad . & ' ' = 1 a o a >
WuunesuiSonnFUFTA  (CCD chip) FIADZFDATUNIINNIBA IIUIUNAYANINUA
Sunsuuasn uazvuiaveuuasn  velfidudlitivenaiiuaziduaveaTFa  wuvUIA
v 3
1024x768 Muwaa ccD 7ii 1 Ta'la Tea Tunaavou 768 fAuazindds 1024 A2 wazyuen 1Al

A =) = =) = Y Adadada =)
FEAUANIUALIDUA 786,432 ALK N30 0.7 IUANSHAIYD HDSOHTANVUIA 2048x1024 32U



12

¥
"W a = kY 1 =) o Y
ﬂ'J']iJﬁ%l?]Uﬂm'lﬂU 2,097,152 Wna 130 2 WANTHNEA sﬂumu UARZNAR 9ENUAIURUIU

wonfuemsuasaazd e lusunuau

On-chip microlans

\ Colbor tilter /

Fhoio-shiading film

I Poly Si Varteal raglser

i

A

it 212 nmmihdalaseadeddd vinu i lalalen 1 laa

:; a 1 [ r = 7] W 1 =Y
g 2.12 sziitui I InlaTeaudazdieziidaniuuanunnnnuodeedss ua
a o . ° Y Ao o v U a Y o o ..
iluInsiaud Micro lens) Mnthnsuuaandsanannsznu IviiannurNivInenUnuh
s SunasvesnInlea ( Photo sensitive area ) tlofuaannnszny v ldsouasves a3
o = d [ ] o o
p-N IuTn InlaToauny ¥lisEanseuruseoae T 1d msvi i v lalaTeaamezdes

o

Aafuaevsmouenuuy uLeandy (reverse bias) intsanvuziiods ufiuaadnnzinssud

] td [}

snfoq 1, Inadeqilit 2.13 nszuaiiGoninszuaila (Dark current) udiiio 185 uuaaazin i
e 2 2

Snszu 1, Tnarusa W lnlaTeaundu Fadulamaums 7, =¥/ R vwnavesnszud

wznlsawdSineanuduuas (mhofluguudemsians)

Voo
VI

—*—-—P‘Il

1]

V

Lm/m

(a) (b)

311213 (a) 1995 luneanduiitlouldisu W InlaTea (b) nsvuaanNdURUTTZNI



13

nszuaii mamu I nlaloasuanudunasn 185y

Va 6 V:
400Im/m® :

1200Im/m?

2500Im/m*
20

e,

L, (uA)

51 214 nswlpudnyazvesivinlalon

Y o VA Y] o (=1 =1 L] o
1031 2.14 uaasIdIAUI s A 6 Than yauz luinaannnsznuazlinssuaiIuag?

v A =) ' Y -3 9
vlﬂTﬂﬂuﬂﬂn1ﬂllﬁ31u9uuﬂﬂﬂﬂﬂ'i37]1]5]311ﬂ'i3“?{1?‘{‘11F‘nuﬂ?Nlﬁiﬂﬂlnﬂﬁ]uﬂ"uﬂ'ﬂﬂﬂlll“ﬁd

=y VN7 d d
2422 ssuvuasneasalensiiluuumadenlagldssusndisdunulnialalean
ad Ay A .. - .
pNMnasuaIB@IsI50Iuay  (Indirect  digital  radiography  systems  with

scintillator—photodiode TFT)

Scintillator

/ Photodiode Array With a-Si -TFT

-l

G o
—P>
X-RAY —p A/D
S
—>
» Film recorder (Film Computer
 — < _
camera) unit

7171 50 urufaMIaLBY Indirect Digital Radiography)

51t 2.15 Famaanvesszundtaeaisd lonsmiluuunidon Tasldfeniinmasudon



14

arsisoaaadludsuidndisd

a e B A g4 A v o d & o
Szﬂﬂuﬂﬁﬂﬂ'\i‘ﬂ']%’lulﬂl[ﬂuig‘]J‘lJlL'iﬂlmL'L]ﬁUuﬁ]'lﬂ‘lf“]fﬂlﬂﬂﬂ')iﬂlﬂﬂ“ﬁﬁﬂllﬂﬁ
uwaawuua (Flat panel  detector) ﬁmﬁauﬁ”wmn?auma (Scintillator) vuAIn
:1:'] ' dﬂy a v w g ado o 4 d a
ltﬂﬂﬂWTluﬁQﬂﬂ@ﬂllUUL HUHUILUUA PNUNNINATUITOTUAIUWUHNNIULDNYLTITDF

3y

urlagmimaue 14x17 1 lianuazideagauinndl 10 uRnma) vuiavswrannua

=1 " W 1 '3 =Y 1 = 1 =Y o =Y d A A
wrfnnassuriuidulussuuiRuusganolussuiuvesiufaunsudmaes nieiiow

¥
~ 1 = 3

% " » s sy aa y
M98 (Thin Film Transistor and storage capacitor, TFT) 3 21U ﬂ?1ﬂ151%"5“ﬁ?\ 11194270

QU

@ ) oA = | ' a q 9 s
Wﬁ\'iﬁ']uqmulﬁﬂuﬂﬂﬂ'ﬂ L'LI'?Nil'lﬂLEﬁ'\i“fT')N‘UullﬂqmuLﬁU(lﬁlﬁuﬁ

-X-ray
enecrgy

Surface
reflector

o Csh (T)) —]
- Scintillator Photodiods

- Light Photodiode  aaneon’
thin-film

. TFT transisior

(TFT)and
storage
capacitor

-Signal
profile

1 2.16 wiudeaaanaz oW iluszuuaiaoaisd Tensmiuuumadon

uiudoanaarzadrannarsdisonlelolad (Cesium lodide) #Alndrusadon
( Thallium ,U31i% Siemens, Philips, GE, Thomson) 2141 U1533104 200-500 Tulnsiunag
prtnnasaun Sludususimdndn wu masaidonlasenlad 4aldd (Gadolinium
dioxide sulphide) 71 1A #20 oIl (Terbium , UFEN Canon) ¥ian i aoudndisdlndu
e anaueinay 550 wilumas Tasianumuisalumsnloundanudndisfilu
naeldUszann 45% dodioudy Twdoulelelad (Nal, u3HM TI) Feroudradind unez 1w
anvenaduiimingaudy I lnlaTeafieenuuuuiuinnds deasiFeas Tuaaly
ﬂsxwuﬁuiﬂm"lﬂTﬂmz‘lﬁ"ﬁqmaUﬁummmunﬂﬁuéﬂmd 400 W1 Tuwasaune 1100 w1 lu
a5 uagreaAmanzaudm st T adhanmez 14999 500-600 wr Tuiasi

13 ¥ LY
nnthunaedananazgniddouiiy dygnoIihuagszgndndudssymariilaoiioni

]
= =) =

ez lnsaaanana 2 drudsduusndimihnsusidnaseunn v lalalon

T = o Y a a J ¥ a9 Yo ' 3 (=Y
uazmu‘nﬁmmﬂums';m:mﬂszi;‘nmﬂﬂmmummmuuﬁw‘lmﬂmmaxmsmuawmma

¥ Ed
Fureq Uswazidvade i



15

1;“— Pregrammable X-rays
N high-voltage ; : Top electrode
\, power supply 4: i //
'\\_ ! E' ; } a Diglecine
\ ¥ ( 3 P - layer
i X-ray semiconducter
e Electron blocking fayer
J___ Charge collection

electrode

Charge amplitier

Thin-film transistor
Gate
pulse

Signal storage
capacitor

Glass substrate

= o v 1w wo g o d = =
5111 217 dnyaz Inseadavosrudsudndisduuuieoni

a d 3 g a d a 0 -
L sidansasuuy uazdu'ladidnnsn (Top electrode and dielectric layer) Rnvinh

o o

ﬂ z 4 ' ad a ] A [ b o’: o Y =
Husanan Farnladiiansn wdewenduunasiie ldauaniminaninulszguand
a A; @ o d o o
AATUNAIINTDIBNGIT 0
3 a = o o — a
2. Suiidlundnasdaiiowesuos e (Selenium amorphous) it 1Hilszquanda
o v d & o dg & A4 aa ﬂ ' ' /A gy
pommasnInudadisd Taoiluduisziigooouuinuazauilugn ed1euqad o lasy
d o o q’: [ a w 1 1 ad a A o
Bndistaein sz eiaaeansnnndulaoszgavee i lldsduiidu ladidanin daillu
- =1 LI o 1 ad
Fauanavsey daunlszyuaneg ldedaudian Insasiuswilseq (Charge collection electrode)
&4 v v o g
anz3iusszydane lUdwmanulsey
w o o i o v = ° i
3. gafvsspimihifussusawlszyluidagiinaalaoeziilg (FET) wanin
a a1 [ o @ d = d 1 a '
Huaiadldeoniedmlszy Infhammdafinouguandauneuianes Alszq ihdndn
" w1 o 1 [ a s A o P
szgnas iadmnedyanaunzds udmenituneifiolszianaiiunm Saumlaiil
" v oo g @ d u’: = | a d ) o ; 5
1neluuuiHuR S B g8 DensaziEon NAURAUNI UG AARS (Thin film transistor,
@ Vv e d ¢ da
TET) MUANYUZUNUAITUIDNGIS 011109
" v o g & & ] = = a a " e 1)
urudsuE ndisduuuiend sxdianumunlszuia 0.5 dadiwasviniuuazlany
td ] b4
azBuagederlszanm 5-10 Swfineva lufiufivung 14x17112 (2560x3072 finia) ogain
a - ) = 1 =) = aa o a o
vunvesfineraiildogfitszua 120 lunseu udazfiniya szilszuzdamuannNY (Element

] o = a el ) ar l& 1 s o a 73 1
pitch) (MY 139 lunsou (eamuﬁwn%m‘mmiQixuzmawﬂ’mwmcﬁaﬂmﬂﬂmﬁﬂu) U

L)

d 1w

4& 1 = =Y ] [ [N o’a’ aa g a
ilﬂﬂ\iﬂﬁ’i\ﬁ&iﬂ'ﬂQWﬂlcﬂﬁﬂﬂQWﬂl‘ﬂﬁﬂ’Nﬂu 278 1Hﬂﬁﬂu AIUY DDLUUANNY (N1ND 139

Tunsou fudy 1 MTF 152y 2.5 Ip/mm 9¢8 52%, uag DQE #i 1.5 lp/mm 1y 75%. &

anuiuFudugs



HUIAANTONLULSEUVARIADAIIA Tons 1N

3y
TuAunuAIMYDININ

¥ EY = 1 a a = '
1. wdealdswaziBuaganhszuunouiaanisa lonsmiuasssuunmny

I3
Waw
y a2
2. MswazipuaganaszozaznoUNs e
a a A a o a =1 PR 3/
3. szAnSnmvesssuugailefeuiulsuaudnas oihly
Vv
TuduTasaadiemenenm
3/ Y ; [ o ' o
1. wzdeeliUSudsuzdnuannszuunimaisias
¥ a [ wea o w
2. dosamnnsansndeuaNuAanaIaYeiszuLIedda Tudametlosiuaim
HANAA

] [l w = = g o a o
Tumsianuazithvez i 18sussnadadisdnniiun e duiv
A Ao & & & 9 a i @ s P
1. AuRsudnaisdozdosivumaminuian (14x1747)
Yo w S o & a a gy o A a
2 1¥EduendIso wiia ladamanunums IsHaunIedumuNan
3. fianuaanuaems aunin
M5 oNRRTEUVADNANADS
@ 9 d o do A
1. 815 OUEAINTNAIUNAINS IHIDNFITINUN
2. gunsanunumsinauldedieie azaan
' ¥
3 BouReIE UM AUMAYE 15NN UHUNIT TSI UUIZIHUNT AT

4. 9z@puFounnszuY PACS 14 A2011@sg I DICOM

2423 seuvasaeasalensnHiliuymansdladlifFudadisduuuininneudn

inesfienh (Direct digital radiography systems with photoconductor TFT)

—pl Flal —panel
Ry m— 3
Dewecor f————¥ AD
Y
=om orecorder o pater
[Fdm camera; unit

51l 218 FsmsihauvesszuuAtaeaisalensiiuuNIAT



17

=

‘:"‘]5_] dq Ve o & & d'nl vy A A P
seyuisluszuuR1FarsuBndisdupuiraaniua N IABINETIAADULIIDILTIF
o 3 i i a = o ' 1 \ < o o @

Fntn)aounnndsaiudngs ol unaa uaasodoudnas didudaaa I
TﬂUmwﬂwmiﬁmmawmammmn fﬂmsmﬂavuwaaammﬂ«mmﬂuﬁmmm"lﬂﬁw“lﬂ

11NN 99 % “N’ﬁ's‘]ﬂ’ﬂ“ﬁ“]fﬂ (60-70%) GI'J'S‘LILE'Jﬂ“h’LiUlL‘lJ‘lJ!L“Nﬂ@IW"ILMﬁiJﬂlH']ﬂﬂ'JN 14x 17 ‘LJ".J

Microplated
clectrede X-ray

energy

y Dielectric
+ Micro-plated layer =
electrode X-ray
;  Photocenducter
+ a-Se ,:‘rsr?:yhui!h | (a=Sclenlum)
semiconductor thin-film
rransistor
¢ TFT (TE1} and
storage
capacitor
Signal
profile

’ aa a =t o w o
q1l 2.19 Tnssatrszuuasaoasalonsmiluuumans lavldarsuidndisonuuTr

[ oda =1

ADUARINDS NIOHN
' it} rgu‘f Semyntsinn
A Dntecters

e — a

[ S —~—— —— 2 |
e \:—“‘é\ Qe Coeers G0
~_ Letaclar

—_—— i ~L ~

[ ~-

DQE

" -~
= Zomputed
i 5 ) ~
i A ngeaphy I \
. ~
i
¢ \!
i oL ~
« . i . y e S~
5 7 5

sat-al Fraguanay mr

511 2.20 mmmaaswuw (Spatial frequency) a2 DQE mmu‘umaﬂammianﬂﬂﬂma

muunmsumuq


CLP-16
Textbox

CLP-16
Textbox


18

YoRAU0IRINDaLA 195N
1. fiholdsudTunnsidou
2. antorawa1nlun1sa319nIN ( Over or Under exposure )
o’:J = 4 =
3. aan1senwsoE anlsuaNaudy
4. A3 MNVNIATHINDATWOIBUAINNIYA
5. fufinamIzuuasaea, adenmilSouion1a
o o A £
6. ATONUNA NI 1A
[ =1 g ¢ @ I o o 3/ Y
7. Mg mdeyaiduduiusiugudeyarilu
8. 1¥ulunasgulanoyla
Y v aa a =1
YA DUUDITZUVAINDALTA 1ONTINW
9 A o) [ 9 s A 4 ' o
L 1%asoeiommz launsaldfumssaenmsoszuuoonmwuuuidy

2. s thiesnonuasa [9nelumsaeunmns

243 asﬂﬁnﬂgﬂﬂjiﬁjﬂ‘ﬂ (Digital Fluoroscopy)
4 aa | o ! aa w [ 1 @ | =
insoantmeangonTsalaihiluniownsnidedunmisdisudvinuasealgeelsalal
= (=] d a a o o 9 @ A aa & 1 ] A @
WuauaiigUnsalifimdniinildszuumsiufinnmituuuaiaea dadaulngjezmiouny
' A aa a TR v Ao w d o o4& aad A aa
A5 neuven3 pIATADAITA 18nT I A1AUNAITUAINDNHITE FIITNINTDIAIABD
=t v & ¢ o o : i
wgeeTsaTatlldsuidndisdudradraiunmezmilouduiniesigeelsa Inuuusssum i
Ysznov T IduriuBumamanfnoguunasauoiunds (Image intensifier tube) 1NT03ATADD

vigeslsalail Tailanwmmsouazyszdninmgeniuniesinly

(GENC RALIZED FILTER

ao— ¢ B s
VIOICON AMP.
QBJECT s i
X-RAYS INTENSIFIER
| -
COMPUTER IMAGE
| MEMORIES
I 3
1
DISK DIGITAL YO ~ VIDED
RA ANALOG DISK
STOmAGE CONVERTER
VIDEO
MONITOR

57t 221 fmshanuveuniesataeargeelsalnil

9



19

duszneuminsnineangoelsalal

L4
r=1

o d . a o v aa oA w
2.4.3.1 ¥iaoABATLsH (X-ray tube ) NinuzdmiuaTaoangee e lnd sl
9 9 a = % d‘! L1 3
1. AoaldmaenwiinnluAunia (Grid control) tie IdaNsOAWANMI IFUTTUY
o o yad o & T i
Wadlgealsalnil (Pulse fluoroscopy) 1A Taowaonaz lfiBndisdoanunilugiedug a1
a g & o 1 ] 4 o a o o 19 1
saadumuns 1B ndistetanoiies i liaaSinasadundie ldnnnd 50%
° w ° s A a o
5. v Tangsmniaaan fune luainauns iedanuiougeq Tuds
o = =
151099 (Rotor) mnian llimszermdonnld
d & ¢ a _da 3 . i ' o '
3. Wunaeadndisduiaiianunudenga (High heat capacity) 1id1n310.8-1
M.H.U M rnnsaldanldug Taelifidymisesvesnsssnoanuiou
= 9 ] o 9 a oo ] 9/
4. Sumnaduriugusnatavossue Tuaniralszana 200 Tadwnsezsolinig
Y aa d?
52UWANIOUATIVY
= g 'y ! ' < o v
5. fseunnuiivossuuelua gelidoondi 9000 soudAewIR (pm.) ¥11¥NIs
v Y g
s2U10ANN3 oU 1dD01959A157
= o o
6. Hvu1aTvaoaaon (Focal spot) YuIALan Tasva lvineaalonian (Small focal
spot) A235IULA 0.2-0.6 TadwasuazvIaves Tavanilonlve) (Large focal spot) Yszaa
=t d

a a 4 ' a ' 3 ' = a J
0.6-1.2 4 aQLUAST areldns ad1en v AR NEUIdUIAoAR199 NOUHUTARUTY

2.4.3.2 NAOAVENBNEA (Image intensifier tube) uzdmivATaoagoolsalnl

e ] 1 :f ] d’
1 9=dpaiinnunisvesedmosyudh (Input phosphor) liitiounn 9 17 uAvUIAh
o . v d P v A o> =
murzauaisiu 12 67 wzi ldtunmluvevivaiinaouaquldifouisnuaiing e
a o Ay 44w da Yy 7 y o q ¥
TaumwizuSimToaies ideensiuiint nooavnouaaiiiduriuguinasnazilv
' ' { - -&) " w
fif1n150670A WA (Brightness gain) NFINANILATIMUNANNYLTUNY
¥
' e o o Y a o oa
2. fauamenisualas (Conversion factor) g wieiins sz lduszansnmlu
4 Y @ A 1 g c‘x J [] Y Y Y o = @ =
asildsundesnudadidnarndunnvainelduntadu gaolidihe 1dsy Usuwsa

LY
Youns
o ]
a0 s . (] 9 ' [} = w adq Y
3. fignsvewnan (Flux gain) qe%:mu‘l‘nﬂwmmmnqwaumﬂsmmsaﬁm“lm

kS o =

=Y 3 d [V
2 5 adinmaasnIRETe N UARNTN AN MBMNAAYII

1w a A: =)
2.5.1 ﬂ15ﬂ1ﬂ1ﬁﬁﬂi$ﬁﬂﬁﬂ1‘i§]ﬂﬂ'ﬂ‘u

' ar _ Q’
AN IDYBIRDNRNADT AN INEAY Ap MImmduszdninmsganauveanis

a a

d ¢ o |v w a4 4 o o o d o A ' d & o
ﬂ'lﬂ!'ﬂﬂ"’lﬂﬁllul‘ljm?ﬁil ﬂ'li‘Yll'iHﬂﬂ"‘h'l‘itﬂﬂﬂd"lﬂf]tlﬁ%’ﬂ'i']‘ﬂﬂﬂlﬂﬂliﬂﬂgﬂﬂﬂﬂﬁu ANUDIDNYLIY



20

:i - =} 1 9 o é 1 as ~ q“ =1 ]
NYNYANTAU ITLTUNIN may,aiﬂsmmm “Ii\iﬂ'liﬁ']ﬂ']ﬂﬂﬂi%ﬁ‘i’lﬁﬂﬁﬂﬂﬂﬁu umaamﬂu 3

n3al Av[71(81[91[10]

= dt‘-“lﬁd 1o a ﬂ: =) 1 o o :;d tg = s
2.5.1.1 ﬂimﬂNﬂTﬁNﬂ‘izﬂﬂﬁﬂWiﬂﬂﬂﬁu 1m L!@:‘.’Jﬂ]ﬁ‘ﬂﬁll!ﬂﬂﬂl’ﬂﬂ?ﬂi}ﬂﬂ!uﬂ!ﬂﬂ?ﬂu

fnaon

X-ray Detector

X-Ray Tube

¥
=1

= o d o da @ w A = W
s 222 dudndisoiniohldeingiifiiiehuanuanen

o P 9 ° d o (YY) 9 v a o ]
AvsagUh 222 dushmsaodngisd lldaing sz ldanuduiussening
N,AN,Ax uaz u aseumsi (2.1)

=-U (2.1)

1

—dN =- (2:2)

N ' w

Sufinsana 2 Srevesaums wld

N x
dN
2y |dx (2.3)
P J

= ' a4 ax S v v
Jagdaumsivi Tasmsiernenmasugune 2 919 114

InN—-InN, = x (2.4)



21

saaumsini oz 1dnnuduiusszninTiaeuiinigludeing fulvaouiivenainiag A

AUNITN 2.5

N=Nge™ (2.5)

24 = o = [
% fAp S IWneuneenaIniag

Y

3

N

N, fe dmouTraounmiadi 1 luing
1 o _ Q..

p fomidwlszAnimsganau

X o AUMUIY0IAg

clcid 1w a c: =) ' T4 o as = &v}
2.5.1.2 psaindmandszanimsganaunaien uanmsmanaalldaTnguies 1 a3

«w--——mi‘\ / ] /L_WJ\
M i “3 )U:; J—L [ I Lf/)

4

510 223 awfidldeingiilimdulszdninisgantiunatum

a - v ad Lol qy 1 di’ A A A o a
wmimgﬂ‘n 2.23 Lﬂ‘l«lﬂ'liﬂ’lﬂ'ﬂﬂif]ﬂ%ﬂ'iu‘ﬂuﬂ?uﬂﬂﬂluﬂlﬂﬂ‘ﬁ@ﬂﬂ'lﬁﬂﬂ?ﬁﬁﬂﬁﬂ']ﬁ

A oA 9/ v w o J @ ru a
AANAU 4 M AD Ly, Ly, s 0T Ly W IRAMNANTUSIENIN T U [, A9AUMEN 2.6

I=1Iyexp[—(u + sy + p5 + H)X] (2.6)

& A o ad A d aa X ) v
Y x AD I2USNNNVDINDINNATOU P1NUUINDIDNNITITY ﬂm'ﬂﬁ 29N ﬂﬂﬂ

4
P(x)= Z,u,.x (2.7)
i=1



22

Ada 1w S e a ' ~ o a
2.5.1.3 ﬂiﬁ!'ﬂﬁﬂ'lﬁilﬂﬁzﬁﬂﬁ%ﬂﬂfluﬂﬁ]ﬂﬂ] HazUMINBIITHAENANNN

H— a J
* l
" I&O\ —'T Huy [ Mt By I”m e Iy 2 Ty expl=tpg b epybxr
N e e S S pt
i :’T Hys 1H L #0y sy o Iyl expl-lppdar up B I
= i, i S .
A a Et l CRY Byl %
on l/-—- - p—_— b ]
X
¢4 -
Lo I
o
e
: {
Q< i
“ L L] o
b mu[f)’-i—- il . | e Ini Lo dpmSx s pmdxs ]
L'a,. l) ] Lot ] . i

Py

uilseAnimIaanaunaiuaaziinsniusI@na1enam

Q9

o

1 2.24 pwdad lildainghiding

a a o ' { o o a P
nnsang 2.24 w2 ldnnuduiussernia Inaounnie ldaingiu Iwneuiioanain

SanAsauns 2.8

1) = Iy exp[—(py, A + g Ax + phyAx + .+ HimX)]
1, = Iy expl—(syy Ax + p1y AX + pyyAx + ...+ Hom )]

1, = Iy, eXp[—(i AX + f,y A + pAX o+ 41, A7) (2.8)

Jagaumsin azld

P(x) = (i + iy + My oot My JAX (2.9)

] a P o 1 s & A [ o
ﬂf]u’lWinimWE'l]ﬂ 2:25 Lﬂuﬂ‘l“ﬂﬂ‘lﬂﬁ‘\lﬂﬂ'i'Nﬂ']UlJ'LA‘HU ‘ﬁﬂﬂzﬂﬂ']'lﬁju?ﬂﬂﬂUﬂ'ﬁﬂﬁ'lU

a

) [ o (Y o 1
iialsznoudu vldnmduiug I, fu 1 deumsii 2.0

I=I,expl- [f(x.y)du] (2.10)

ray



2
(U8

511 2.25 uERININARYINVDITINOYBE

o a3 o ' yvae =
1My Sadagdaums i sz ladsaumsh 2.11

/)
jf(x,_v)du i In% It
ray
1, foswauTieeuiimod i luiagaind A
I fin $1uu rlneudioonanagniadi B

du A9 5L0ENNABANINGTI AB

flx,y) o mdulsza@ninisganau

[ n o< a d 1 o o‘: Y a o A .
othalsEan lunouinneisinmaavnaiy memadulsz@ninisganau f(x, )

: Y o [ | o w 1 ~ 1 e A w = o
v isesdeaiinmamosad lgaaguinnd 1 g ninmsimpuundasuiadadidnduaze

asa9sui 92 1ddeya Tulsivaduiiyunandrafy FadeyaTuswaduiisnsirh1¥luns

u

A3 INARVI1VDIIAN

2.5.2 MysuTInsnlunuAFY (Line Integrals) 4azm3lis1onu (Projections)
nssuinsalunundy Humsuaacimssufiinsavesdmlsveaiagaaoauundu

110317 2.26 narasians 195 uvAA (Coordinate system) afuenisauditnsa lunuuduuas

[V 1 =

s Tdsinsu 91nam auudld (v, ) Aodaggulsha 2 1id nazaumsveudu AB Tugli

22600 [11]



24

fix,y)

51l 2.26 Tswaduveaing f(x, y) iyy 6
xcos@+ ysin@ =t 2.12)

s o o' uyva = = 3) =
nANuFuRUS 1Y (2.12) a2 1dTeuvesmsduninsa lunuudu fe

P(t)= [ flx.y)ds (2.13)

(6.1 Mine:

1eaadn Manan @eu vy ldiu

P()= j If(x,y)5(xcost9+ ysin@ -t )dxdy (2.14)

—a-a

Aumsn 2.14 Wuaums ) saduuuuvuiu



A
Unn 3

NYHAMITINNNAAVIWUDNT I

3.1 yni
> o Aq Y ¥ o a a Pty =
sumeumssunllumsadanmdavnwuunsiluInninusiznannuawie
ad P a '3 a o
Trvounaunud (Feldkamp cone-beam ) Fauilums s EHmMuAUdWANUUNIIL 130 3
Ed
aa @ o =) L4 a a ° @
in  Teondanmsvounaunuihiv WIDINMTNFIUNIUTVIAUAVDINIUAUDULTILVUNA

as

! ¥ ¥
(Fan-beam) M3ouuw 2 58 dagilit 3.1 Antuluunilfwenabangugmasnndiaazns

Q[

¥
ar ar a 1 Y a 4 a
’s’f%’Nﬂ"I‘WGWI‘U’J'N‘ﬂ']ﬂlﬂ‘ililﬂ‘lfﬂullﬂﬂﬂﬂﬂu mmnuu'ﬁuﬂummmswzmsmmmmmzmﬁ

ﬂ%’wmwﬁﬂmmnﬂmﬂiﬂsmﬂ‘ﬁ’mmum’m

Detector Plane Detector Plane

(Ky Source X-Ray Source

(a) (b)

5 3.1 umafnesduiad (a) LUUWA uaz (b) LUUNIW

v ¥ o r
3.2 MsaamnaaveIndsaTHIUUNA
a s a = o v J 1 o [ @ W
ﬂ'l?'e]iﬂ'i'\g'ﬂL'i‘1]']ﬂﬂ!ﬂ“lﬂ\‘]ﬂ’]\ilﬂﬂﬂ“lﬁﬁllﬂﬂ“ﬂ ﬂzﬁluagﬂuaﬂymx‘ﬂ%ﬂﬂ'lUﬂ']W“UﬂQ'H'J'Jﬂ
a8 .d @ e "V 4 wow d & " o el B
L@ﬂ‘miUIﬂUﬂiﬂ 1147]14&5‘]%3“?]1‘]3\1 ﬂ']')ﬂlﬂﬂ“ﬂlﬁﬂllﬂﬂigu'lUTﬂQ LAY HIIADNHLTULL DY

ssuuase Hadanam iimaiuvesduesuuianaldidy 2 gluuufie(11in2)

3.2.1 yusznNududwaaiy (Equiangular ray)

fmuald R, (s) iudoyaluswaduuuuria (Fan projection) FagUii 3289 B i
yafuunu y Ansuududuas S4 f’\’w%qaiﬂmﬂ‘ﬁ'ugﬂﬁ%’wmnmuﬁuﬁmmrﬂuuw
s Sstududuas 4 wiuduiuaaduniiaveslusinadu (1) Jag 0 uazszus

¢ oo ldiiy



26

@=p+A ,t=Dsiny (3.1)
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4. aouTagdulsndu R'(p',¢",H) SuRamesmisreenuuuld A(p) Tuniunu

nadnsveamsnou Tagdudieilandu O(p',¢", B)

op',¢", B =R'(p'.¢". ) * h(p) (4.26)
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6. wirseuz s naumsh 4.7 el luilansuihminawszvelude 7.

s=-xsin f+ycos (4.28)
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EXPERIMENTAL INVESTIGATION OF ARBITRARY-ORIENTATION
CONE-BEAM X-RAY TOMOGRAPHY
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Research Center for Communications Technology (ReCCIT)
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Abstract— X-ray Computed Tomography is a technique to
reconstruct an image of trans-axial slab of the object from a
series of x-ray radiographs taken at a prior-known angle.
Sequences of x-ray radiographs are served as two-dimensional
projection data for a 3D tomography. The most popular
Feldkamp  Algorithm  which is based on Filtered
Backprojection (FBP) approaches has shown to perform well
for 3D reconstruction. In the case of limited view, however,
Feldkamp Algorithm suffers from star artifact. In these
scenarios, an algebraic reconstruction technique such as the
Simultaneous Algebraic Reconstruction Technique (SART) is
engaged for reconstructing tomograms. Conventional x-ray
computed tomography was implemented on a c-arm x-ray
apparatus where the x-ray source and detector is capable of
rotating to capture radiograph at any specific angle. The
implementation of conebeam -geometry reconstruction
algorithm, however, requires that the center location of the
detector is accurately identified. Any slightly-missed alignment
of the x-ray source or the detector could result in the error of
the position of the center and hence the error in reconstructed
image. Consequently, x-ray radiography tomography is
normally implemented on a c-arm Xx-ray apparatus where the
correct orientation of x-ray tube with respect to x-ray detector
is achievable. The aim of this paper is to implement the x-ray
tomography on a non c-arm x-ray apparatus where the x-ray
source can be in any orientation with respect to x-ray detector.
To determine the orientation, we take the radiograph of the
reference transparent object, say the plastic box, of which the
coordinate of the landmark, say the corner point, is known.
The shadowgram of the box is analyzed to extract the
coordinate of landmark image and to determine the
orientation matrix using classical direct linear transform
method (DLT). Once the orientation is known, modified
conebeam tomography is performed to derived 3D
reconstruction volumetric data. The experimental results
demonstrated the potential of such method.

Keywords— 1mage Reconstruction, Backprojection,
SART, Volume Rendering, and Radiograph

1. INTRODUCTION

Three-dimensional (3D) visualization, including surface
rendering and volume rendering, has been studied
extensively for medical application for the past several
years and applied to such various medical applications as
volume measurement, surgical planning, automated image-
guided surgery, and telepresence surgery. The 3D
visualizations are well established as clinical tool for CT
imaging [1-2]. Visualization techniques for MRI and PET
have been explored in [3-4]. Recently, special techniques
have been purposed for multi-modal image which is the
combination of PET and MR data [5-6]. 3D-image
reconstruction for 3D ultrasonic data has been investigated
in [7-8] to visualize the left ventricle of heart and the mitral
valve.

3D visualization from X-ray radiographs has drawn a lot
of attention from many researchers [9-10]. The ultimate
goal is to derive the stack of cross section from image
reconstruction algorithm followed by rendering the stack of
cross-sectional images, so-called volumetric data, to provide
the 3D model. The scheme to inverse the projections to a
cross section can be categorized into 2 classes, the
transformation method [11] such as the FBP and the
algebraic formulation [12] such as the ART. It is proved by
[13] that, for the same limited number of projections, the
algebraic formulation give the better result of cross section
than that of the transformation method. It has been shown
that the algebraic reconstruction is suitable for the X-ray
radiography which has limited projections caused by the X-
ray overdose problem [10].

Image reconstruction from projection used in [9], and
[10] is based on the assumption that the beam geometry is
parallel. In practice, however, the assumption is acceptable
only in the case where the distance between x-ray tube and
film (or detector) is relatively high. If this is not the case i.e.
for (C-ARM x-ray Apparatus), cone-beam geometry must
be applied. The implementation of cone-beam -geometry
reconstruction algorithm, however, requires that the center



location of the detector is accurately identified. Any
slightly-missed alignment of the x-ray tube or the detector
could result in the error of the position of the center and
hence the error in reconstructed image. Consequently, x-ray
radiography tomography is normally implemented on a c-
arm x-ray apparatus where the correct orientation of x-ray
tube with respect to x-ray detector is achievable. The aim of
this paper is to implement the x-ray tomography on a non c-
arm x-ray apparatus where the x-ray tube can be in any
orientation with respect to x-ray detector.

1. FELDKAMP CONE-BEAM TOMOGRAPHY

The goal of image reconstruction is to obtain an image
f(x,y) of a cross section of the object from these projections.
The algorithm can also be classified based on the geometry
of the beam into parallel-beam, fan-beam and cone-beam
tomography. While the projection data for the parallel-beam
and fan-beam tomography is a 1D vector, the projection
data for the cone-beam tomography is a 2D array. The well-
known algorithm for cone-beam tomography is called
Feldkamp cone-beam tomography [11]. The Feldkamp
algorithm based on a 3D filtered backprojeciton. The
generalized cone beam image reconstruction is expressed
as follows:

i > T Rocom— =
glxy.z)=— (L H—— - P —=———= dp
2009, D-s  NPep+l
(D

where g(x, y,z) is a reconstructed volumetric data, D is
the distance between the source and the Z-axis, f is the
source rotation angle relative to the zaxis, R(p,¢, f) isthe
cone-beam projection data,
t = xcosp — ysinB , s =—xsinf — ysin and (p,{)  is the
coordinate system of the detector plane. The generalized
cone-beam reconstruction can be divided into the following
steps:

1. Obtain the weighted projection data

D

R'(p.{f)=———=R(P.CH
\/D2 +p2 +C2

2. Filter the weighted data

O, & B =R (p.¢A*hp)
3. Weight and backproject the filtered data
2% p?
gt y2)== | ——5 0L AP
20 (.

D-—s)
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111. X-RAY TUBE ORIENTATION DETERMINATION

A digital x-ray radiograph undergoes a linear
transformation from the 3D projective space to the 2D
projective space which can be described by the equation:

u

R -T
v:K[IJIOJ]Oir /
3

w

- h e =

x
u
or v | = pr| 2 | where M = [KR | -KRT]
z
w

1

A scene point [x y z 1] T is expressed in a world Euclidean
co-ordinate system (X, Y, Z) (see figure 2) and [u v w] T is
the image of a scene point in pixel unit in x-ray tube
Euclidean co-ordinate axes (u, v, w).

Matrix K in equation (2) is the x-ray tube calibration
matrix

fa 0 u, 0
K={0 fb v, 0 3)
0 0 1 0

Where f is the focal length of the projection, a and b is
the conversion factor from physical unit to pixel unit and
(u0, v0) is the principal point of the projection.

Matrix R and T contributes to the extrinsic parameter of
the x-ray tube. Rotation matrix R expresses three
elementary rotation of x-ray tube Euclidean co-ordinate
axes (u, v, w) with respect to the world Euclidean
Coordinate system (X,Y,Z)- rotation along x, y and z are
termed pan, tilt and roll respectively. Translation vector t
gives three elements of the translation of the origin of the
world co-ordinate system with respect to x-ray tube co-
ordinate system. For the general cone-beam tomography,
the world coordinate system is assigned as the coordinate
system of the object and assumed to be aligned in the same
orientation of the x-ray tube coordinate system except
translated by some translation. To obtain M, observe each
known point X=[x y z 1]T and its corresponding 2D image
point [u v w]T yield an equation



Fig. | X-ray tube coordinate system (u, v, w) and World coordinate system
(X,Y,2)

If n such points are available, A will be of size 2n x 12.
To solve for M, perform Singular Value Decomposition
(SVD) of A to derive A=UDV". The last column of V is the
solution for M. To separate extrinsic parameter, observe
that M can be written as ar-(4p) then 7 =-4""5. To
determine R, we decompose A into a product of two
matrices K and R using QR decomposition

. my,
x y z 1 00 00 —wx -—uwy -uz -u
00 00 x ¥ 2 1 =% =N =y =V m}::{ =0
M
My

Fig. 2 Calibration setup for three orientation of x-ray tube.
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or AM=0 4)

In this paper, a shadowgram of standard box where the
coordinate of the corner is known is analyzed to determine
the internal and external parameter of the x-ray-tube model.

1V. EXPERIMENTS AND RESULTS

The process of Feldkamp cone-beam tomography with
x-ray tube in arbitrary orientation is divided into 2 steps; (i)
calibration step and (ii) modified reconstruction step.

In the first step, a series of radiograph of reference object
with x-ray tube in arbitrary orientation are captured (shown
in figure 3). The reference object is a cube. The original of
world coordinate is the lower corner of the cube and hence
the corner coordinate of cube is easily determined... In each
position of the x-ray tube, the 3D coordinates with respect
to the world coordinate and their correspond image
coordinates with reference to image coordinate system
(which passes through the center of image) are used to
compute the projection matrix M as described in the
previous section. In the next step, the reference cube is then
replaced with object to be reconstructed. The series of
radiograph of the object are then captured with the same
series of x-ray tube position. These radiographs are served
as projection data for modified Feldkamp cone-beam
tomography. In the modified Feldkamp cone-beam
tomography, the 3D reconstruction volume is reoriented
using the extracted rotation matrix R such that the Z axis of
world co-ordinate system is aligned with the w axis of x-ray
tube co-ordinate system (see Figure 2). The normal process
of Feldkamp is then performed on the reoriented volumetric
data to derive a stack of cross-section images.

Fig. 3 Experiment setup for three orientation of pig bone with rotating
platform.



Fig. 4 Sample of projection data for arbitrary x-ray tube orientation.

Fig. 5 Sample of reconstruction image

Figure 4 shows a sample of 2D projection data taken
with x-ray tube in arbitrary orientation. Observe that the
projection of ellipsoidal shape projection data is distorted to
some certain degree depending upon the tilt angle of the x-
ray tube with respect to axes of world coordinate system.
The samples of reconstructed image in some slices are
shown in figure 5. Evidently, reconstruction result is very
satisfactory.
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V. CONCLUSIONS

The concept of x-ray computed tomography with x-ray
tube in arbitrary orientation is presented in this paper. The
purposed methods exploit the idea of camera modeling to
extract the orientation of the 3D reconstructed volumetric
data with respect to the x-ray tube coordinate system. The
Feldkamp cone-beam is then implemented on the reoriented
volumetric data to derive a stack of cross-section image.
The result and a potential can be use for a real application.
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