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ABSTRACT

Medical device calibration is the process of ensuring that there is accuracy
before using. X-ray imaging device is one of the high-risk medical devices that must be
calibrated. The calibration process required these values to be measured; center point,
focal object distance (FOD), focal spot size, resolution, and linearity of the imaging
system. But the devices used to measure each of these are expensive. In this research,
a design of the x-ray calibration phantom that is affordable and yet effective is
presented. An aluminum rectangular phantom consists of a center ray calibration unit,
focal object distance (FOD) calibration unit, focal width measurement unit, resolution
unit and linearity calibration unit. The x-ray image of all the phantom unit can be

analyzed automatically by using the digital image processing.
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4) myvhlidianaseuiiaudy (Concentration of electron)



Bnsiawilibidnnseundeuilulufismadeaiuvierslumgaliiaveadde
Unamnuiduiinnnwe shldlensliiaiesdioniFonin indestaduddiannseu (Electron
focusing device)

5) mavhlraLdnnseungaieiuiiviule

nsflazhlididnaseuiitandemiuiameaisluiud wafiAntufe wannsn
Aaenusd Tvanmnsavildlaemiaguiduvionsnsdidnasou deingiufe Wilave adl
Aindufio exnonventhlanzazgnauaudidnasoureuilavevgnesnainidasas uaxd
Sidnmsouiioglundlasesdug fegdaluiiranunud wiidesanndanvluusdazaslasaslsl
winfu Feflmsmendssnuduiiuesnunlusivesmnufounazionaisd 3 99.8 Weslduly
AL wag 0.2 Waigudiluienasd
2. Maifstenusdannisiadeuiiveseyniafiiuszqliiedlinussde eeyniaid
Usealulilundndindouiidisaumiagetu uarazanddesndsrulusuresaiy
wiwdnlaih Fadneduwimaninihdignudeseenufiauigame asiliedudunatedu

WNLSY [4]

2.3 dnvasuazAuanUAvaLanYLse

1. Budedndunvdnlaliiiifidasadueglugisdaus 001 F1 100 Ssanson vieog
SerINSsALnTN e SIEdanT1lileran

2. SnaandRawiloutuuasaineily wu umafuduese anudilumsidunsly
qayaniefiannasinAunasde 3.8x10° wnsdedwndl finsazvieundu n1snm
uazAELUY
Linulaeauuwimannzeauulnii
Annmsfieyniadidnaseuiifienufigiadrmuds Silnaseudinaniagialy
yuBidnmsousadu fegluadlasasvesezneuvestlivaansuifusonuenidlases
Sidnmseuveswaduendaluaziadununuiinazmendsnudiuivesninluguves
ANTDULALLENLS

5. lmianTsiseeatuan siAvu19eEs

6. ganduaasnuin wnudetostusgfunrumuiutuuaziminvososneuesas
tuq
yliAnnsUdoeUsEa i (onization) wWesululuemavidefne
yiliAnmsasuulamanil 1wy Wetenusdlugnildudesuasiliiiduuinm
it Feldimanunsendunlflumstuiinamisdasuuuuildy

9. yhliAnnTAsuLUam T Wy SldFuUiinuiddnuinnuazuiune 1w
Twadlusameiinsidsundas vieifanisniivean (Mutation)

10. fi§1unamzanealsgeannsonggrinuiouyuduardnld usldannsonsqauusiy
avvioneuniavune b



2.4 B8N g InenULse [5]

1 Ny Yo & 1 A (% (% 2
nenlginengise i 2 8819 Ao 'J(ﬂﬂiuﬂWWLLa?d’Jﬂﬂiﬂﬂm

2.4.1 MIINAUNMN

1%
ad v A

Msinnunn Ao Msinamautilun1sanensgingsiie 4 3 35 il

1) laen1sinAnueInay AUeIRAuEUliswIanEanvailaas
2) laemsiandanuvesssd Wudilinaseuliad (electron volt) ndsnuundsua

VI%QV]%@’NQQ

3) lasnisingrunanealane (half value layer ; H.V.L) AU Tuliadiunsvos

lavg 1wy nedwnseegiifen NawisansoudnasdudianuIunasdadle

ASINT9YDIUSUIULAL
2.4.2 A15IAUSUIU
a1115079lA 2 ANy A

1) USunauwasSednuywdduda (Expose radiation)

2) USnauseangnaanauiingsnanie (Absorbed radiation)
Wer19e NMAlun1sin uanInn1s99 2.1

o | v a v W v
M99 2.1 AUWVDITNALASANNURNINTIE [4]

EFThY videiRuild vaglnd (Sl unit)
Tusfunnnsed (Radioactivity) A% (C) LUALABLSA (Bg)
S4fignaanau (Absorbed dose) use (Rad) 138 (Gy)

o v o
FaEnvilonenangd (Exposure)

Sunu (R)

AapuUmanlansy (C/ke)

Y

$edauya (Dose Equivalent)

154 (Rem)

350 (Sv)

2.4.2.1 USunaunudumnins g

Mutfunnnsed WWunswdsusdamnsiiuedssvessiglolglnduisdiudiaunsay
douudasientusiglelelnudu dwaliiineuniaiindsnuniefinniswisadau n1sin
Usunalelalnusadnsevsunaduiunnmssdvuglnuueninsinlaonisinssdninvuly

Yuzliu MhenvesUTinaiuduanmisdodenisiiansvisuwlamisinndesvesig

et 103 davindu 3.7 x 10" msaangdsienilanuigIund vse a3 (C) naean

Julsiniswasuunlduisluszuu Sl laeiimhodu s waslilddoanizin “wamolsa’

(Bq) Maaunsit 2.1

1Bg=1s"uaz 1C =37x10"Bq

(2.1)



2.4.2.2 Vanafedignganay

USinassdgngandu Wumsgandudedvesingsinag Aannsodanaiuls n1si
uivdonanainasudiflounluaneed dailanmmunanideuildgandundanuresda
01lf Fefedusazvdadanuaunsanganearssininglilaivindu ildinsdrewmdau
TtuTmguitazedaliviniy fefunavesdidde TngTuusiunuuimamdsnusaditngiu
gandutoly mievesUIunsdfigngandu fie “Rad” (Radiation absorbed dose) fifin
winfundanuissdgandu 100 ergs Tuinguia 1 em feaunisil 2.2 uazlutlagtuldivaoy
wlduiagluszuu Sl lagliniieves absorbed dose a1nuiaevesndsuiu ga () was
wihevesaiu Alandu (Ke) Fawglddemnizin “insd” (Gy) Maaunsii 2.3

1 Rad = 100 ergs/gm (2.2)
1 Gy = 1 JKg* = 100 rads (2.3)

2.4.2.3 Usinausadmvilierniauand

MyiauBnasadmiileiniaunnds Exposure) 1UTETTiAAlge wagdumaia
flamnsatnanlegndeatndeio wiisvesuiusediuandrluenia As “Fuiiu”
(Rontgen : R) fawvirAuuiinnsdiiilernauandalvivszqlain 1 es.u. (Electrostatic
unit) lus1nAuss 1 gauaadigufiuns 7 NTP (Normal Temperature and Pressure
conditions) ¥i3eenmea 1.293 x 10° nfu uazlutagtulsivasumldmieluszuu i e
frouUseilandu (C/Kg) feaunisit 2.4

1R=258x10"C/Kg (2.4)

2.4.2.4 Ysunudediavya

UBinassdauyafumheiitieinanadaiingvesfadidmiondes Ingeifedn
absorbed dose LaﬁaﬁaﬂdmaqLﬁaLﬁam%aaﬁ’mzﬁ’wﬁu radiation weighting factor (W)
purdanazndaueesdsd Tun1smien dose equivalent (Hy) vasillaifonazatonzeineg
aENNTSA 2.5

HT = SRWR X DTxR (25)

108 Drg iU absorbed dose wasringuidiaidaviientons (D leswinded (R)
A Wy Silpnnuduiusiuan relative biological effectiveness (RBE) #sanfunisiuTouiiioy
anudsmeveaiodeileldsu absorbed dose 9nSidsnswdnnassiiandey oy
984 dose equivalent A® ram HA1LNAU absorbed dose (rad) x Wi TullagUuldniieglu
STUU SI flo 81357 (Sv) wasiiAwiniu absorbed dose (Gy) x Wk axléiaaunisi 2.6
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1 Sv = 100 rem (2.6)

v 4
2.5 Iﬂi\iﬁiqﬁﬁﬂaﬂl@ﬂ%lﬁﬂ (6]
& @ 1 d' o dl' 4 a v d' ) a v a
vaeatenglsdiludiuusynauiidAyveunissonatsd insiglivtnilunisiiidnded
WBAG NNSYIUVDINABALBNYLSEALDIALUANNTS Thermionic emission ABNSLENLENABA
nasdlsou deasvinluiididnasauindududiuiunnnfivsnaldvasaenaiss wiali
wssuliihuivaenenesduds Bidnaseuazgnisslutianudigaudialuddunduds
lane Fvilvdidnaseuruaznauvadtlang Aadusidondiunn nasaenglsonigiuly
WNTWINETeeiU 2 iR Ao 1eeALNULSELUUNIY WarnameNYLSEwWUURNLAY
2.5.1 iapaLantsdnuunaly wuseendu 2 vilnde
viaaman%t‘sé%ﬁm%‘atm’[ummuag}ﬁe (Stationary anode tube)
Junaentengssduiinfivauinegaei Fuinasinduumesunfidnwagidu
=3 a I a el' d‘ 3 o v 1 Ly =3 LY Y dl' d'al
vaen wazdiiduuinadwasuiany vinmsuiulaveisanulaasiuvden dnldiuiniesnd
Maaldassnn wu asensdindaun (Mobile 38 Portable unit) NiflauinUsyaa 50
=) o‘el' UV dl' 6 Ql'el o d' L% el'
mA visenaenlenaLsenldiueTasenysdly NMERATEUTEIIM 15-30 MA LARIRIFUN
2.5
viaanatanLsgviinvanaluawuunyuld (Rotating anode tube)
Junasaenasdudnitivinlind Faaznyusoudinaoniia1niinisany
eneLse 1IUINTemasnYiinll AzlisUinena1uaIu MdretanuLaziivnuvsenu
dnvaiziieadninaleludany wasldiuinliiinnisnyuegnsiatevesniu dnldiu
= caa ) e 1 ' Al . !
wIsengisgndauinviliuazsdailAeuuumAIee L Digital Subtraction Angiography
(DSA), Computer Radiography (CR), Angiogram, LA ItaNwL5dABNRNILADS (Computed
Tomography, CT) WaaIAIguN 2.6

Hgated filament Electrons are accelerated
emits electrons by by high voltage
thermionic emission anode

x-rays produced when
high speed electrons
; é hit the metal target

JUN 2.5 uansdiuuseneuveasnonaisdvintaneluanuuagis [7]
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Bearing
Stator
slectromagnets Tungsten anode
/’ Envelope
Armature
\
=~ Filament
+ [! — circun
Rotating
portion fifs
- NN Filament
Molybdenum fliian
neck and base | Keray | Electron beam
beam
My e

JUN 2.6 uansduusznauvemaanenasdviintinelunuuunuls (8]

2.5.2 vaaaLanasduuuay uuseendu 3 viinfe
naANwLsILUUN3A (Grid-controlled X-ray tube)

Huvasaionsseitaaluihdad 3 fidendinia Grd) deldlunsmuaunisiva
vosdidnasouanniaualnalufidanelun niedvedidnvasfudelntaegsauldnin waed
dndiduauidlafisuiulénasn FadndluihszuinaniaduldvasnazyiliiAnaualuiai
anunsatsfudidnnseulfadeudidunuaduld uidminauulningauluazsinld
ddnmsouvuiues wasluldfweluald

waaatenwisduuutanaluauendiunazvyuld (Rotating segmented anode
tube)

\Dunaendisiuelundivindisunsludidugudie anelufieazdszneudioain
faanu-Sideuvaredosidutessetu fudunsfufuiiitlunsssuisanufeulurasi
wolunnyy vaoalenusdviatannsonuaudeulduinnduuuamy Tasanusany
Ausaulaunds 700,000 Heat unit

waaanwisduuuUanldesdidnasauiieauiuluiininudugs (Field emission
X-ray tube)

Huvaeaiiditaualnadusunsnszveniifidumadnogniglu shlsauuli
fiindusgnitueluauazualnalinszatseenldmiiouuuuund arranuduves
aunudmdnlniihfiganntu dlfsidneseuiivanesninanualneindsaugedu wdwu
onesEiazIniuie

2.5.2 ffaUsInaanLanesd (Housing)

Judfsdmdvussquasatenuisduazdiudszneudus visasegiiden

nssnszuen neluyfeuiunzi SveadadielfSidiondiueanun 3unvesiin Tube

1%
=]

port Fagestiaziigunsaluneusie Ae AedMes (collimator) AVhwiNAIUANYBUALAE
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Yo

YuAESad do9 Tube port 4 azfiurunanainiinuninudouldd Uadediliifiolilmisiui
aglunasnenasdlasenin
2.5.3 15

dfufivaeidsnielu Tube Housing vasmaenionmsd S idaelunisszune
audeu Tnenisnianudouninuasaenesdundiusnaiiiu Tube Housing wazdste
ﬂaaﬁ’ulﬂﬁ%wsaé’ugﬂ (High Voltage) 1fin lonization d1azvinliinarnudenieiuvass
nuisdld ttuifliveaduthiuifianuuianias llssmeviowdsuanmitgumgias wa
uawauiia

2.5.4 viaaagyey1n1A (Vacuum Tube)

Juvaoaaggniafiinminiviesiu Anode, Cathode Wag Filament Lile 4
Sidnmseuilintuludiu Cathode 35lUgt Anode 16157 uasUsiaandsinuans dsdmni
anesadnludly avdwalididnasewlwuiulossuiiinainnsunndvesennaniely
viaen dwalidiannseudinal uazUSinadiinaseuiineluds Anode fideuas

2.5.5 3ualun (Anode)

Fmthildutavanvesasnone.sd U‘%L';szmEJGE'T”maamquQﬂaaﬂLLUUiﬁLﬂu

Uinaiidudnihdelangiaeu dvsulibidnasewiuiieliinsedeond
2.5.6 vaualng (Cathode)

Fmthindutriauvemasnieneist Ushaanedaualnnazddelnta (Focusing
cup) FarhntiiisausanlFsidnnsouiliintudugdidnnseuiidiiemmssiutueluni
neluazildvasnionaisd (Filament) ldnasnazlasunssualnin vinlildnasniounazd
Sidnmseusyseuq Tduaon 3und Election cloud wawdiovilianusedndssvinetaviasn
LNTBLIEUALYA kaTLBLUAFININNE ﬂ@:maLﬁﬂm‘iaumﬁ’ﬁfuﬁmgﬂL'ﬁﬂﬁl’]ﬂ%’JLLﬂIV]ﬂ”j\‘ilﬂsﬁm{jﬁ
(Target) TloguitaueluminliAnssdiendoons

2.5.7 ldvwasatanwise (Filament)

Wudmivhumihindndidnaseu eguinauiuualnalidnsazifuraainayiad
delaneiamu Ineilu 2 vuin fe ldasavuialve) (Large Filament) l¥dwsunis
FarnszuarunaenenTLss (mA) Ussaans 200-500 mA wazazlilnaeaaden (Focal
spot) fiflvwalng) uazldmasnuuindn (Small Filament) agyiliAnauinvesinaoaaUon
(Focal spot) fénnin IdmsunsiernssuarumasaenasdUszanas 50-150 mA Wiy
Favilinmene3ediliinuasiden (Resolution) geanildvassuuinlveg

2.6 szuuen@isdinldlumenisunnd
Ffaudmsdunureaiuifuiddiendannsavengisvenazgnld Sefonddsldgn
ot ldlunsdenmnanisunng dailugarnitondn Sadinen nedined
Inenlaldnmaneilsunldlunsdiitdedelse Sadlondingnihunldlunsnsiamanimms
N BInemesnszgn uenanisamsanaarsiaUnfvedlsaundlsald 1wy Tsaven
UM (pneumonia) 15AuzL59Uan (lung cancer) warhvhuen (pulmonary edema) 57109
mMstenusdlutesiies Wy mansiamangmsgaduludldidn amrauvieveuvadnasly
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Yoeries nmamsramialugaifivdeialunszneilaany viousiuinisdenmidadeuns
a1y aues ndnande daued 2005 1usuan SdendgniutnyTlusguieanisewiniii
Juansiousiss nsdrenmiledediulvgFegnitaunlulfinaiia CAT 3o CT scan
(Computed Axial Tomography) #3aldtnafian MRI (Magnetic Resonance Imaging) #3
dan31911 (Ultrasound) nawny TutlagtunssnulsauzSedulngladinisunsaduneelu
n135nwlsA (radiotherapy) wagladin1s5neIneIsanINA1ee WU N155AWILUUTUT (real
time) ’Lumﬁch&fmqqﬁﬁ N13VEIUNABALAN (angioplasty) MTaN1TNAUAITILULTEN (Barium
enema) Lilensraanmaildlnenislivigeslsalatd (fluorocsopy)
2.6.1 Lﬂ%’laquaaIsaIﬂTJé (fluoroscopy)

Juedesenuiseiuaninmiadeulmimseusiives 1 miunseeioiznelu
Tngldansfiudedsniunisnsin uansfagud 2.7 W MInsanienseinizemns (Upper Gl
Study) AglgUieniua1snused (Barium Sulfate) wazduiinnmangnauaisiusea lng
YauzgaTRaiinmiivnguussneiinesifunmnsiadeulmueseivizneglunasnnis
19 gUnsaid1RyAfussdde Image Intensifier ludlagiiuszuuAdneaifonindu image

<
3

sensor 81939ztUs¥UU CCD (Charge Couple Device) #se Flat Panel Detector fils

JUN 2.7 nsnsiadieinseigestsalaly (9]

2.6.2 Cinefluorography
< ' 13 ' = Y D o '
Junsangn1meunainge Fluoroscope TngruiAaeliuauLduieas Msendi
Image Intensifier uazlunaouaisensisdsusuvilanaeiluduwuulunisimuigu
dnld
2.6.3 Angiography
Juisnmsesiannsdedvemasnidon Unfudududenszlusaiiearsidasuy
Tidu Jeewilviduidondiv lnens@nansivisdidnluluduidon uansdiegnslugun 2.8
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Bsidsannsognalanisinuuinadulddnde Bnmsdidedunmuuinuidonis
$599 LU

- Vertebral Angiography mwsa%’%nmﬁwﬁamﬁLgaaamaaﬁauwé’n

- Branchial Angiography M3ATIU3naNduEenuATlU AL

- Cerebral Angiography n13R519USAlEUABAlUALDS

~ Cardio Angiography  msasiausanduidenunsiiaeatile

UM 2.8 LARNIAIDE1INITNTIVUI AULAUL AR L UALDS [10]

2.6.4 Xeroradiography
\dunnsdrienasdlaglidesldiidn Tnensldunuiiarufmedszaliinadinm
vsseaslundesiunas udrdielonaisdunuiiduenasd WedrowdnilusiuaTosdnausiy
Iwihedn Tnglddedldfostin sgldnmeorvsenuiuiiiituaisy vuwiunszany druuy
nifhafindu aunsothndululdenlddn Snvazvesnnildtuinnuandendaaugs i
dausiaideluaunssgandoudu Tulligtunud ddeamsfivuasiaudond lulududen
fitua udrdnenIndae Xeroradiography agldnmuesduidentadudonduaziduiden
U3 waznwilaTann1wgs
2.6.5 W3BtaNLsEHY (Dental radiography)
\JuieTosonusdfilddmivionusddnvuziazdunisesiiunigludosdin
uanafaguil 2.9 Tnewdsnuildegluseiudeudis Useana 50 kv 7 mA Favilsusnsves
ovenuissviniivunadn wndeuiiie Tasaslidnuaefiay Ao fngatusgszninuala
uazualua ilevinisdniSesdididnaseuliiisndeou vonanilévaondedivuinibn sl
aunlrifhszarinsuelunuazuelnadimiududugs faasdielvididnasouiindanuuniy
nuseTAnTuIsdindanumnnwe worlsveznailunisaisfiduinn
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2.6.6 1A309LaNTLSEILAIUY (Mammography)
[ d' san v oo YU aa o < 4 [ d'
Juesetengisdilddmiviiadulsausisaiuulagianis wandagun 2.10
lngld5edendnddruransgnealsinuin Ussunns 20 kv waghilduniulansnsosssdiandd
wihnasaas Tudrutuelunazihmelansluduitu ngazinisaienimengsdinuusiu
ae 2 3U viveoalu 1 JUudusinsdl Gellduenysdneenusransonansliiudniny

AnUnAngludiiun 1wy Aoullensewliusiuyunuaidniionadudmyanuvedlsauziaudi
Uy

5UT 2.10 UaAIN15nTIARIELATBON IO [12]
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2.6.7 W3naaneisEnAaudl (X-ray Mobile Unit)
JueTeaenusdvunnidn wansdasuil 2.11 mzdmiunsiedeudiielunge
fuapmuiessine fdnvuviiouedononuisdvily wididuedoseiivuadnndi s
STUUBUIADNULALAINDA

5UN 2.11 UaRINIATIaMELAToLeNTLEIARouN [13]

2.6.8 1ATR4LNULIIABUNIADS (Computed Tomography)
dl ¢ = % 3 @& - A
wIsaenyLsdsukuvtignAunulagugunngyasuaade Tuiad (Bocage) Lilel
WA, 2465 WumsanenmenasanuaIuvesai wieedirludnyazuesnininuing 351
ilnlaninvadlassasniniglusinmedanuiessyuiulassuiundaviny vazieaiunw
LYssEUIUAUNUTINgFeuTiusenufsualiaude wadadduidymineidesiunig
Houriuiuvetnveseisrznelununaguuiidusuninld uwidsliauysaidn aunaedul
mewn Lena@Wlan (Sir Godfrey N. Hounsfield) Aransvesusemdioule (EMI) lawauiielnuay
widgyminiindulaegrsanysal dume n13a319A3998% (Computed Tomography, CT)
& o v a Iy o as  ed ¢ ~
Fuu el w.a. 2510 nglafiuunAalunisiauiunanidnildandte aesudn waglul w.e.
2515 1p30387iasosnianunsaldauiuduaelaess lnglulagiudueiosensisguuy
a a v £ o w Y . 1% <
fAwiasiannlunwidinrnediigiae (Axial Tomography) lagnisasisnmeenuiu
WU iU ULAINI kaAIRIUN 2.12 agviluldnweieiznislufiazguaunasay
0.2 mm 14 1 mm dndnnisiaupe vaemenalsdiasdinsiadu (Detector) FepgnTIt1x
fuagnyusouiiUlg Lagiinsiaduazdedayaaunnudussdluyuniieg Tuvuevyuseud
Adreludimeuiimesifioliasennmilaainnisnsia Ingenduauaudfvesd CT number
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9997226199 NHATlwINTY F9An CT number aziduAianivvesusazeions W donil
AUIZAAd 80-100 H.U. (Hounsfield Unit) wazindla1vindu 0 H.U. A198191A303t0n%L58

AONNIMBILANIAIIUN 2.13

[
o
)=
b\

JUN 2.12 wapeisnnsvihureuAsesenvisdneuiImes

Gantry Display momitor

o

Table

Control

5UN 2.13 uansiegaasauenisdnauiiimes [14]
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2.6.9 1A399BNYITAINBALUY CR (Computed Radiography)
\n3estenalsduintianvaruifunienenusdnluiisusduiiidundu
‘Wémzmiﬁ;LLtJu%’UmwﬁL%‘sm’i'] Imaging plate WnuAd LLazLﬁaiﬁ%’aﬁﬁ’w:IﬂwLLéJ’JﬁﬁWLwJu
Imaging plate T ua3eseufe Imaging reader Lﬁaém‘sﬁaaﬂawuﬂu dlogudaanmn
Tuweiu Imaging plate wadfazdnImidndszuupeuames %qﬁﬂﬁuwémmaa@mwmq
eupilwesliviufl MsnshauvenniesenusdUssnnuansiaguil 2.14

red hight laser

patient o '
T nnaging
s

plate

H  bedam-sweeh
x-ray tube beam-sweey

| A
g— .

PMT |
light guide

. i
amplhifier

. 1
AR———
ready for use erasim q

: B & Tl
| ’ | ]
| - . >t.:. = '
| —
o
_ - display
unexposed fluorescent 7
image plate lamp P
Imaging plate Jmage Reader

JUN 2.14 wanslansinanuresasasengsdwuy CR [15]

2.6.10 wA3adanYLsEAINeALUY DR (Digital Radiography)
svuuiiliifosiiusudunn (Imaging Plate) uailiduwasudefing 93y (Detector)
Duusiuwuialug 138031 Flat Panel Detector wnuaiaduildy oudusduldsudedaey
wamdenuieddudyanalii snduszdduaralninlusinouiumeditoszanana
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A Baagilildnmdneiensisdesnuviud lnglidesfigunsalsudeyanuuiaioensise
Haneauuy CR 53UUEEENIN Direct Digital Radiography (DDR) ﬁamsaa%’uﬁﬁsﬂﬂu{]ﬁ]ﬁ;ﬁu
L58n11 a-Se TFT %38 amorphous Selenium Thin Film Transistor L&A 4619 gﬂﬁ 2.15
uanniffisyuuiitiendn Indirect Digital Radiography (IDR) Gsaldfamatunuudecuas
Useinv Cesium lodide (CsI(TY) Fiwenfivnlnenedey wielideullunsusad melineu
$u TFT Wielgsuseddu Csl azidonasiu lnedlulalalomduiinsiadunasliadnlud
AeufimesiiieUszinanannsiely

X-ray tube

B — Detector

X-rayTable

Controller

Dhsplav

sUfl 2.15 1Asesienaisdfdnoauuy DDR [15]

2.7 msUszgndldFediondlududug (4]

Sdendlagnianluldlunainvaiganun wu Msleseianuazuetosne Lasn1s
nanlnee1fundonunvesssdiend (xray crystallography) Ms38emnemIsenansfionds
n1sUanUasessediond (x-ray astronomy) N15018ATWLAEHANNTNUUIALAN (x-ray
microscopic analysis) muﬂgamsmawﬁa&J%ﬁwumé‘ﬂlu‘[wz NSAAANNAYDIF 1081911
n15idulasodenmantfvessediond (xray fluorescence) Tudieldns19M101350UNI0
sudalunszidnfuma feghanmiansdissud 2.16
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JUN 2.16 uansiegunnienaisddsvesneglunseiln

2.8 HALAZIUASIEVDILDNDLIINDINNTY

Sunmerenenusdnesrmetiuldgndunmiueiiuan vieniidnisdunuensisd
WA 1 Lhou mié’uwué’uemsf[,uszEJzLLﬁﬂﬁ?uL?im%aﬁué’ummwiaﬁmﬁqLLazLLﬁuumﬁuaq;ﬁﬁ
Tnddnfuionaisd delumsnad 2.2 uansldiiuiniiodeseg lusanedifanudumuse
SaEunnsaiU

A5 2.2 LERIANNAIUNTUTadlatlalusanenas e

mmﬁmmumnﬁqm ABaakAU (Collagen)

nszgn (Bone)

n&anile (Muscle)

szuvUUsramaIunas (Central nervous system)
nlsAns (Epidermis of skin)

3Y0vU (Hair follicle of skin)

ANFIUNIUUIUNA L?J'auﬁ’ssumﬁﬂé’lm,j (Epithelium of colon)
L?J'aqﬁasumﬂmwwmms (Epithelium of stomach)

L?jaqﬁ’sﬁumﬁﬂﬁlﬁﬂ (Epithelium of small intestine)
dedeiifdnlunsasadinden (Hemopoietic tissues)
wasnuiladndenuag (Erythroblasts)

\wadiuwdes (Lymphocytes)

AFuUoETign wadinameiaznaeiduead (Spermatogonia)
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L’;mﬁéfaqmiﬁm%’umstﬁmé’umwamﬂ%’q?iﬁ?uﬁlﬁﬁgqLwimiﬁﬂﬁt,sziaﬁﬁm6] Aelagy
vufiluauianararinlunanedrengrouiaziinsuasuutamisiuitugnssy Tasvialuudn
Srsvadmuusannashliinsunseeternduasiudetinld Inevlvnswaeuln
vaslusianaady (Cytoplasm) nuabl wazlusiivluadiinisudei wazileSadmnudy
UogazyiliiAnn1suustpduasg99en (mitosis) Uodtwadant1ll uonAINSUNTIAD
Taslulouudn dudusunselumsiugnssudadudumglufnmsiunawiefnuzld

2.8.1 uafan1auNULg

HandAnvessdneaiuizduiug AevsvinliiaduateTuisduiugnig 39l
= - 2 o [

Funitu Tumanenuindesungldiudsdameivunn 30 usa agvilvimogianaadunshy
F2A3m1 (Functional sterility) 911a 250 wsaasaie aililaifishead (Aspermia) $2a517
Uszana 1 9 uazuunn 400 — 600 wsamsaien avvilhduniuans uwilidnsidsuudas
luaussanmuazausanaunALsagsln dlomnaesluunamedninauung

nskna iy wuIndlEsuTadUszam 9.4 % sziAnlsameiugnssule
wazfsdannsaviliAnnnuiadninieiugnssuld 4 Usznis fe dnvazdiuddnd
MENBANUENTTU (Dominant), recessive, x-linked tag chromosomal

2.8.2 wagamsnluassn

$e@vunaUiunans Uszanns 250 Sudinu fimsnlasulusses 2-3 Weuusnues
nssenssdazldiinasdeniufinUnfvesmsniiinu Sewsiimsndaulvaaziinismely
ATIANTDUN

USunau$sdownn 500 Sudinu Aldsulusenineduanid 11-16 agliresiiaiy
AnUnRsien nsean winetuizduiug wiagnuinfidsuvednAaund (microcephaly) Jeyayn
99U (mental retardation) waztasaLAulngd1as (stunted growth)

USunasSsduwn 500 Sudinu Alasulusenineduanii 16-20 azviliinany
Anunflantes Ae dAswrinund Yoo wavasqAuladiag

Usuaudadawin 500 Budinu Algsuluseninedunmii 20 Wudull Shazliiin
aruAnUNRfUeTEEaneY Tiulddaau uienadiennisionilsdeunns Wewndenss de
ALUNNTDITBITTUUMSas 9 dinLGon

2.9 n1stlasiudunsigarnonasse
1. gnenunasiLinTadlviunnign

1%
¢ [

2. Pianannewnssdlviduign

=

3. alldyansUesiused viseldandeosiuied

[ Y

4. dmFugndndudesitnusuiuiniesenasd Sulusdesddiniasindeding
MABALIAYINY

5. a3 3819 uius a9 dufeIrinn1saTIaININenNTL s USNUTeIte ATYinnTeTy

v 9

10 JUNAINNLUTTI LAY
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6. §UAERAIATIA AITUANIAEINISIONYLIEYIVDY nTdllonaLsddIudU Y83319NY
radldynnzIUauTanviodale

o aa

2.9.1 5EAUSIaNUasnne

syiuSsarivaende muned mawdsuuladusmeiiiety Wesndeddulyl
Usingeoninliiiuuaznsranuld msimuaduTinagegaieesliuywdiuldlasioi
Uaandy I¢Funsiarsanantdninenmaniuazunmdanuunds neldlinsdadanduvie
aonTuTuisluUssmaALassenineUsema o0 Aanssuan1sIdienistestused
5¥1319U5EWA (ICRP = International Commission on Radiological Protection) lamuunan
USmaisdgegaiivansuld Fundadn MPD (MPD = Maximum Permission Dose) Tusin &1
1#5ussdusunasiindadl MPD fe31Uaende FeA1 MPD AitanunalieToizsneg uansds
a5 2.3 wazseiuSadnlduselevdlumenisunmeiidusediusidfiuaon Seuanstinnsei
2.4

A19199 2.3 A1 MPD Aifnualid niuaioazange

OPLIRE MPD (rem/year)
alegduiiug laude uazlunszan 5
310 Wy ey 75
Rviaazlnsoun 30
a¥gdun 15

A5199 2.4 LNAUNSLAUAINNLSIVBISIANURDANY

TEAUANLLIIVBITIE spiuSddmiufutinu | seduisddmiuyanaily
(HadTLsnsiad) (Haagusnsial)
AULTISIETI 20 1
Laudnn 150 15
NN 500 50
RN 500 50
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2.10 n1sUn3eSnwLATRENYLSE

wieaonaisdiulsznoulufiodiusineg 3 drunansdaguil 2.17 ud dauneas
w3aus du2993UIuge uazdsasldvann Tasluuterduiudegnldnuetisioiies
p1vhlisvannmrensasviiediutug anadly duisiosininiisesnvedsaiiae
dieluulein3sdiudoseenunssifusndisly

Low-voltage (control circuit) High-voltage circuit
| |

Autotransformer

3< j:—' ~ 5and6
g_—.' Timing circuit 7
3‘ - and exposure =
- switch a
Cloe o™ MajorkVp. | L 2T - e 11l
miter G:': « Selector 4 =)
1 2 X LS kvp o 1 14
v o A _ = =N
o A ST d
l\_‘__‘f— - \T HaE‘ ql‘ - 13 \- F/
= mA selector r
g Minor kVp 10 o
| selector 4 - Focal spot
\...,Q_ | AT B W —’J,}:‘"‘ || selector
%2 '3 |
== s
Filament il I
circuit | -~
o‘]
] —— -
!
1 12

JUT 2.17 laazlnsunasvaunsanensise [16]

2.10.1 AuAsAngvaIaan (kVp)

. ‘mrm wwp
70-90 kKN p
90-110 KNp

110-130 Np

3U# 2.18 Tareududmiuinaunedndvan
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[ a aa o w Y ~ a o < o/ (Y] I a Aa
Lﬂuﬂimmmmmmmgmﬂmfmuwml,ﬂumaqm WSz uUsUNUNLAIY

dusiuaunmyosenaisd dafulesdeTinusdaiieldsu

NTINAUANANGNaniinaneds Wi n15lY Voltage divider nsldinutin
5781m 05 (penetrameter) LUU Ardran-Crooks 3BLUUIEABUTY (Wisconsin) N151935 K-
Fluorescence Measurements wagn3laisinaudugegnuesssd (Jusu

1. Fareudy fanusaianusisindnasnvesdiunanenaiss dnvaziill
uanaaguil 2.18 anansatamnusednduesvasnlaluzig 50 - 150 kvp Sdnwazlaseaing
Uszneudsaumesunauututiule waznthnin Tassadreneludsenoudne ansuaulias
(high speed intensifying screen) WNUNTDILEY (optical attenuation)

2. fimosTnAimua1efing (KVp meter) luasesdiefiosnuuulraiuisald
SaarauAIaNaaFngrannlalusiui WudsHazainwazIns wsznsinaseailayi
Tadne

2.10.2 n15An Anode heel effect

N1547in Anode heel effect Ao nasiinauliaduauevesaudusedly
fiam1a nuelunlunalnavaanasnmenass nannisaensasudiuasdidnnseudusd
LengilallAinTudl tarcet material usiiniianadld Lﬁaaa'm%’a?uaﬂeﬁﬁgﬂa%wﬁuﬁ target
material US1afidnasludesaziounduuineuiiazluiis target field Ine target material
JnJuazdes traversed mﬂumiﬂa'as electron beam TWlnau anode snatuannnIndias
‘U‘L!’]UﬂU:lJu Aplndiu cathode msmmusuaa material leads m'ﬂ,‘wums resorption V94593
ondunniu Tng target material l¥Sdiondantiosas vonanidamneauinddenday
‘UaEJEJE)’e)ﬂll’ﬂ‘h!lqlllﬁ/ﬂﬂaﬂUﬂ’]iL@u‘Vl’]\‘lsU@\‘la’]LLE"IWILﬂWUHI@EJI“ﬁ target material Hosasuay
anndutiosas naaninefonnuiauusouTnaNINn U

2.10.3 n15LAA space charge effect

n13LAR space charge effect Av miazammﬁLﬁﬂmauﬁgﬂﬂéaaaaﬂmam
i laveudiannisidauvemslussesdy 9 eaniiudlany didnnseuwmanlasaunay

nedudualszysou q Alang Ariiuiilazdidansuaesdidnnseusenunaniiuiiouay
138711 space charge effect

2.10.4 w59aulndn

Wunisasiaasuusssu i duedaaanasgianindunsasu il

fifmuanseld wnussulniidininfisanunaeinliian kvp waz mAs drndnfidesnis

ManunsnsIvdeukssulihzfosindusedmniu
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2.10.5 inAuaza1aLfgs Control, X-ray tube waz Collimator

d' & o <3 v 1 1 [ I~ =
nsastonytsgIndudesazeinlsaandu astumneg ldinasiluihies
Control, X-ray tube, Collimator wagninduianie aginlmasasonatsdiiongnisidau
YIUIUTY

2.10.6 AFIVEIUUINTINGNE

7 o U |l a & 1 a v =l a a & 1

dunauinsinnne egluannsunivield ddyaradoulinunivseld ns
As1vaauNInsInazdlgldiinaltuvasnnslunisldany wazldifinAudeniese
LASDILONDLTEDNAIE

2.10.7 Warm up a3asnauldeu

lngluudesesengisginazegluesuSuainia daagvilivasaieneisd
foaumaiion Welawiosdildnuiuiionavaeaenasdiinninudonela

2.10.8 n373UsEIMNLAOUY
1. AEC test
2. 13398@9U High Voltage Connector
3. garunurendAIUAN Tl WazUSIIn High tension tank
2.10.9 as2aUsEIMNVINLADY
1. @5399@au Collimator 91 X-ray Beam #54AU Light Beam w3aldl
2. asaaaey fon ang Mdaunudanasaenuise

a a & 1

3. anvdeulunyy anineaindieg
4. A5I9@RUTEUY Mechanic uaz Magnetic Lock Tugasigg
5. funiiidesn1suaoay nvdeULas e UV AL
6. As19ERUNABALENYLSHIN TS TuvEelal
7. A5IFBUNITVINUTBLLREY
8. ©1333&dU Film Tray
9. YNANNALe1A Grid
2.10.10 N13n52aUsEImnY
1. 15398@8U mA, kVp, Time ag mR/mAs

2. 197989U Beam alinement

3. 91979@9U Radiation leakage
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2.11 n1sUsEUIaNanNIN [17]

>

n15UsEIananIn (Image Processing) Aa N1sUssendldaunsussuIanadoyayin
vudaes 2 T8 wu anils wenwddle wardisuddyaa 2 3Ru Aldldnmee
Tnefindes uazaeuiamefidugunnifiugrulunisfudeyanim wadalunisuszanana
Tyaadmsuduaa 1 Rt aunsaussenduldiunmlalienn uwiuenwiloanwmedle
mMsUsTanandyands nsUssananmiimeadauazunnudafiang Swsminga
fudeios 2 SRty uwiimedalunisUssuanaduga 1 fvianadaiiinnududounn

Wethuussenaldnunisussaianadyayiukuy 2 36

AeunthiinisussanananiuazegluguvesnsUssnanadayauezuden Tagld
pUnsaiUfuusiiuas dsmanduildlégnonidnriegamely wilddinsilussgndluay
U998 19U galansail (Holography) LwiLﬁaqmﬂqﬂmaiﬂamﬁaLmaﬂu{]wﬁuﬁiwmgﬂm
wazfinandagedu annsnUssnanafidudounniuld fufunisussnanannddnes
(digital image processing) FslasuAmtELLINNT

2.11.1 walulagn1sussunananIn

N15UTEUIANANIN NUI8HY NTUIAINUIUTEUIANANT DA UIAIE
AouIeT iellntoyaiissoen1snlumanin wasdsusuna

o

Tnefidunousineg fidia fie mevliamdenuaudadu msmdndyayin
sumunAM Msulsduresingiisiaulasentianam wethamingflaluiiaszsin
FoyardsUsina 1y vun 35 wagdiamanisiedeuiivesingluaw uavaiadusyuy
delfussloilunusiusing Wy ssuvansiasiiodionsaaaouiinmansiiiefifogi
Huvedlas szuuifvteyatongideusofiiinazesnainerasioysslevillususiig
Tngiamzlumuaivasndy Larseuunsivingn1mn1sasasingn1siideyadINNaeiens
UnsAmnamsiatuiwausavuriesnuy ssuvasdluntiiteiihszfagnensieluanud
dfy Wudu aviuinszsuumanidsndudedinisuszanananinsuauunn wazndy
nszulunsTidiosingn g fulugtuuuiisndudng Ssnuludnuagmai minlduywd
Ansngiies dnagdedddiauiu uadldusanugs Sntsnnsndudediinseiamdudiuou
1N {hAsgiainiesnaasinoininniesdn duardmaliiinanufinnainld Fadu
poufinnesisdunuimddnlunisimiifimardunuayed iesnaeufinmofadielnid

mmmmialumiﬁwmmuasﬂﬁzmawasﬁaaﬂaaﬂ’wmuummalé’asmﬁmL%q
2.11.2 ATNAINDA

nnddnea Wunisuanmaludnuazaeafilumiisfiniea (pixel) @13150
fowooniduiladdu 2 57 £ (x, ¥) Ioefl X waz y Wufidnvesnin uazuesmdgaves f
finda x, YV 1o n1elunin AoAIANLTNLEITBINTN (intensity) ﬁﬁmmmﬂfuﬂ wazile
X, Y wazuoundynves f 1udrd1ia (Finite value) ﬁaﬁaﬂgﬂmwﬁ’jwLﬁumwa%ma

(Digital Image) wazdrfnualiain f(x, y) Jvum M uaa N aodutl uazfinnvesyn
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e (Origin) veanmAssumYs x,y = (0,0) w1 azannsadisuaunisiieglusuiuning
lafsaunisn 2.1

£(0,0) f,1) .. f(ON-1)
FA0  fAD . fAN-D e

FM=10) FM-11) .. f(M—1N—1)

Ausazafiegluluming 3und1 fintwa Tnefidiuna (0,0) azagniasu
FDFMUUUEAVBININ NMTTAGIAUAILILITD9ANINAES 8N e LU lulsazidugn
LAz dnAIRUTBLAUYAILITEININVUAIAN NISAUAITIAUTULEIIBININATABAAS
mhenusludnunzidugn (raster) dagSenaminuul Bitmap image) Vdonwusawnes
(raster image) uan1nAsmAvludnvardazdaurnluaSefinasdusaain (image
compression) Lﬁ@lﬁﬁﬁayjamwﬁﬁummﬁﬂaq

N15831901MATNBaa11150a319lAINgUNTAITUNIN LU NHRIATABE
(digital camnera) 1A30saLNLILBS (scanner) tWudu nndineadiaiuisoadislaenis
dupmzsinndsdilaledoyaniw wu flaifuadinanans wieuuudiasnsmadauuuania
Fansadrenndnear i dudiunidusnudiuasuiamesnsiiln (computer graphic)
eniamesnsiin Aevddumans ssdninug veasufeuitnsuitamidsneuiimes
(computer methodology) fikfdgniAeafuiiesvesnmuieniswananin lagiiunis
Uszinanadeyamenauiiames iteyadndndudeyadian didnws wiednyaiusieg
wnusuvus ffe & JUnse anueEing

Imaﬁﬂﬂué”aLﬁﬂammLLﬂqgﬂmwa%aaaamﬂu 2 USELAm AB ATNLUY
Tauny (bitmap image) WaznInLUUINABS (vector image)

2.11.2.1 nMwuuuiauuy

amuvuouay Wunwiiusznoutuainqaidng viiefigenda fin
wasiuunnidessstudunmuisniw iilelidunmdnvueddaauunngadu 9ind
nsaganmuunTsdmasudng tnesnagldauduadluresdmdsnwaztes aunaewdu
amanysaifisivunlng awdauuudazdanuuindndiuaunnn aasnvesuyudiull
annsoNeuiy uazionueyeazBendudesls uAdlonnwensnmgaziiunvesn e
finwa FefinasihlissasiBoaveanindarulidaauuiniu degisuansdagud 2.19
Tnovhlufesldfuilunmdne amuvudsusuisesnidu 4 Yszian
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JUN 2.19 uansiegrannuuudnuuy [18]

1. luun38utua (Binary Image) Ao Tunfazinigatuazuansniga

a P— Y oA oA %) S & !
Wee 1 On Fausenaumeeiies 2 A1 Av 0 uag 1 lagdigavesnntuiandy 0 uanddngn
3 [ a o 1% a1 3 1 5 ) a [ PN
Yaan iUl duda uarignvesn ndanly 1 wanadngevesniniuazidudud degun
2.20 Tunrsasrenrnuuuluuidauisarilalagldimafianisinmsvlea (Thresholding
Technique) pgfiansuninwaduaniedn) znseinlnen I uigusznIennLaves
a v oo P ~ ! i A d9 vo aa
ASusuAUAIAINAIALS 1Sen1 Anselea (Threshold Value) natiatilgnuiinlunsaii
ToyanmAdanuugveringuasiunaiinnuuandeiy lngavesfinigavaaninlag fiian
wnnImsewhiuamsleaszgniddeudu 0 uazdnvesfinaiidiosniiAnnstleazgn

a &
wWaguduy 1

UM 2.20 uansiaganmuuulunn3Buma
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2. \nsPanaduLua (Grayscale Image) Ao TuldaginigaveInIniy
zdenanuduuasluseiuiwandeiuly IngAauduuasaziaieglugiesendig 0 f
255 g1gavaanmdaianudusaniu 0 uansingavesniniuasidudn wazdigavesning

! ¥ [d ! g @ (% =
AANUiuandy 255 Lansingavesn niuaitudund faguin 2.21

JUN 2.21 UAnIRI0g 19N ML UUINISANABLILD

3 mwa (Color Image) A® IuLLmauWﬂL%amaamWﬁ) viAuA1SEAU
ﬂ’)']ﬂJL‘ZJﬂJLLﬁ\‘ﬁJENLLG]auLLOULL?N‘VN 3 WEWAN Ao R = @uad (Red), B = amuu (Blue) hag G =
387 (Green) suﬂuumazwnLszjauu%LLammaﬂwaqammsmummwmaqLLaﬂuLmaxLLaua
v éffsasmmw?m,amé’qgﬂﬁ 209

&Y
L 5 e

UM 2.22 uanafeganng

4. 3uULANduLNA (Index Image) Av TuusazfiniwaaziiuA1Avil
(Index Number) Jadusatavdnuuin JsazgninlliSeuisuiunnsnad (Color Table) &9
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Y

Wumsruanemdudduas 3 d Tusnsndiunng setuarnviazludad
1y zlednsdiuveadduanduminle deguanadisgun 2.23

MANAUIRN YA

INDEXED IMAGE

WIPTH: 4 PIXELS
- -

A

INPEX COLOUR

HEIGHT:
4 PIXELS

\J

3UN 2.23 UanIieg 19NN UUBULANBLLLT

2.11.2.2 MWUUULINIADS

anUssaniildinasvensldlnguile Addiseandoauazaina
Audpmiieufn feogranmuuunmesivieuiisuiunnuuudnuuUiansfegui 2.24
desnamuuunnmestudsenoulumedunsy dulds warsunseine anildazasiety
Mnddafiveniednuazvesnmlugiuuumasadedioaumndamant feiulusunsy
fifpsnanTnguamagdesihaumanine Audinelindnuaraiisgunssesnmiun
Tval vilsn st usnferuaude Samnzfunuiferuuiuuasfomisaiuasnden
a9 U Nsasenmlaln nisasnwenuds [usu

VECTOR BITMAP

JUN 2.24 uansmnuuunnnesiteuiisuiuaniuudauay [19]



31

2.11.3 m3guiisuguluy (Template Matching) [20]
nsssuiitsusuuuudunidsduisiugulunisasagiitngeglunn
vielal SovhldlasniauSeudiougivesingfimadlatutuingyneialuniw dsuvesingd
snvnrlndideatuinglalunw Tagthuegnidendt Snguwilouuuy (Template Object) 3Uf
2.25 (b) wandog s iitdnuazuaneaiy L.Lazgﬂﬁ 2.25 (a) wanssegveuvI gy
ABANTI

(a) (b)

sU 2.25 (a) wansingiiala [21]
(b) k@R N INEIBENS [21]

2.11.3.1 nsilamesdnvazmiiouvasniwdaiiios
n1sflawnesdnvusiniiouvesninsotiias (Matched Filter of
Continuous Images) Tltluaaasluihgnldegrsunsvaglumsuszgndldssnunsasiadu
dynod 1 86 LU é’mmsﬁamsé’mapmsm% nsdeassvuUnanea Wudy uonanids
wuldnuludyaia 2 86 Wi n1sasiamdnglunin luaunisussaiaranIn n1sines
dnuwazivilou Feflumeildiammdiiusvienestiatussninanmdunauaznmsds e
aassiatu (Correlation) gnintdlunisusngeguesnindunaluning1adanielsl uavgn
THludunsiaiawdunin (mage Registration) Wedounimdngadu
2.11.3.2 msiamasanvauziilloud miunnaansn
nsHamesanwaslriaud nsunInAanIn (Matched Filtering of
Discrete Images) flawesdnvauzmiioudwiuamamingaunsaldléianmeaidouasnin
Aaasn dusunsalnndanin vilalaenisnseadadunuudaninlaeldnsudiesileidu
PoslaLmDTaN YLD ULUUAEATH
2.11.4 nM3uUsEUNIN (Image Segmentation) [20]
nsutsduam ifunsuvsteyanmeandudiudosy fusavdiuasii

=

'
[

dofuly wiavdiuaziluiuigersszsunuingieglunm msuusdiunmazavaniietngd

q

fodn15 gnuuteenliauysal nadnsfltaainniswusdrunmasiludiyinaiuanialy
TUABUNTAATIENNNIEABUNUADS

D
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Faneifiunisuvsdmnmdmiunmunsilaeilluduinldauautias
Uszn1sueeaszsumn Toua aanalilsiewies (Discontinuity) wazenumiioudu (Similarity)
Tunguusnléinsuuanguawaunisiasuulasiuiviilavessedum laglinisnsam
u uazveulunm lunguiiaeshnisutsnguainlagldnisdeszduiu (Threshold) nsle
Fuveeuiiam (Region Growing) WagNITHENKLAZNITIINYDIUILIA (Region Splitting and
Merging) winAnvasn1sutsdrunnlagldmnulideidien uazaumiiouturesriseiumn
anunsaluldlsfaninds wagnmedeulm

2.12 nuiaumasuadie
Tumsmanugvesiuvessuammaslag svnlasendonudusiusseniisiu
yosgUaumasuasssUlusns @ sz uvesgUaumasy Saduaumioufind o
unilgny anuvdsuaessulag Avuessindy 3 gu yudesu Bond1 gUaumass
findrofiu audfvossuamimasafindiofiu uansagud 2.26 wavauniselud

UM 2.26 uanagUanuwmaesuiinangi

N ~ A~

AABC ~ADEF  wswin A=D,B=E,C=F

LY AB AC BC
MUY —_— == (2.2)
DE DF EF
o - c b a
UUAD -—=—-=- (2.3)
e d

2.13 nYUaaulsn-uus (Lambert-Beer Law)

Yedondidunduusimanlnii ifinnnudge wandudednarunsavinlfozneuves
fnanauaninvasituedoudiinululufnansiug Weleisdlonddindsnuegluramnis
Aadelsadnluludananslag 1du s19n18uywd asAndsingnisaldida lawn
Usangnisallwladidnnin (photoelectric effect) wazuUsingnisalnoumisy (comptom
effect) viligaudendanuliuisd esdondnzanuianarsesnuiudidsiaaty

aneal
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N1590NLUULANBLSEILNUNDY

Tuuniiaznanfisnisesnuuuuiunes Tnsasldeafidonlunisadiaununeuiiasnun
Fsazuvaoonidu 2 929 Ao nmseenuvuurumenluriausn szdszneulufmenisesniuy
wilunaudmiunaaeulnaudnarsfeduazsraglilia nseenuuulnuneNd TunAaaULn
Audnasfiduazauialiia wasnisesnuuuurluneudiniunageuainududadures
Bnese uazniseonuuuiriuneslutasiiaes Wumsiauurunesliivdeduies Tnonis
sautumenluiausn waziwdlunsveaaeunuazdeavesnimidimm

3.1 AseanuUULNYLTEuunaNugIIusn
3.1.1 nMseanuuuRATIsIuHUaNE TUNadaundudnasTidiasszes i
lun1seanuuulenasdununandmiuneaeunaudnanssed (Center ray)
wazszeglilia (Focal Object Distance, FOD) #3dulroanuuuuazasnaduegliiilongunss
AmdAvanans ¥u1a 10x10x10 Hadlns fagud 3.1

10 mm

3UN 3.1 eglilounsadvasunans
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3.1.2 n1seRnuUULaNYLsdLHunaudmiunagauagudnatsiduazainuniag
Il
lun1seanuuutenyisdununaudmiunaaeunaudnanased (Center ray)
wazualyliva (Focal spot size) fAdeldpanuuuuazairaduegiidonsunssdinaoy v
10x10x10 FAAINS MUVLEIUUURIATLIAENMZaINTf LA Fagudl 3.2

10 mm

S >

3UN 3.2 agiliflgugunsediviioaiangg
3.1.3 N1599NWUULBNTLTERHNUNDNENSUNAFUAMUT U BEUVBIDNYLTE
’LumsaaﬂLLUULaﬂszjLiéLLWumauﬁm%’umaaummL‘Tflul,%nLéi’usuaal,ﬁﬂmié
(Linearity) mfwlmaaﬂLLUULLauaiNLﬂuaamuamﬂuﬁuuwlm 5 4y Yuaz 2 Daduns §U
U9 15x15 Taduns suufuuamaa 10 faduns miﬂw 3.3

10 mm

5UN 3.3 eailiflouwuutudule
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nasaInwuuengLsdurluneylugusnlagnnaaey Uiuusauasimunliazuwds T
Tupausall A nstenssdwnunauLiasduLTINTduTULReD %nlé’gﬂaamwuﬁagﬂﬁ

3.4 flgu1n 155x155x20 Taduuns waslugui 3.5 Wudunuiignasiaduun

155 mm

sUM 3.4 annsiinvedenaisdununedlutieiaes

a o

S8R ULAATAIUTIA T

s v

1. dwdwsunadeunaudnatssiduasssesiia wumeiiude 3.1.1

Y
6 v

<

drudvsunaasum U UT LAY LENLSS WuReTuTe 3.1.3
AU UA I LARLTULY FSUNAFRUAILALLDAUDININ

AR e A

uazszezaTlunTUasussdond (Exposure Time)

155 mm

drudwiunaaeugngudnansiiduazauinvediia wWudgliude 3.1.2

! &z | A a X o [V o [ =
druthifudruniutuun dmsuimulusuian dusuinilaliatmaiia (kVp)
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uni 4

N1INNADILLASHANTIINAA DN

4.1 nMsneassuazNanIsnnasendsdununauludiusn

nsmeasslutaeusn §ideldldinToendisdiindnainuign INTER-KOR, INC
Uszimen1va ju Diox Taefl Diox uiluieieseanaisdauadnimdniun Sidondi
panunilvTunaloy e lvgldlilasudunsieainsediend dyaauaunielusilddmsu
AuAunstenasd lidnandumsasuaunszualiiln useulni wienalunsanesdiend
Foilfazmnsonisihumaass gadudaussiulniussgadusinauigs sivlaldnw
NadNSTiutn vaeaentisEuuIn 2 mA aunieinda (Focal spot size) flvwim 0.8 mm
dwifngan 1.4 Alan¥y uanadasuil 4.1 warludruveandiensiadu ndaainuiem
HAMAMATSU PHOTONICS KK, Usginadiiu $u C10819-01 uazgunsaliiourasening
mirensraduiuaeuinmesliu €9266-04 uanafagud 4.2 Tudruveantnonsiaduiy
UsynaulumslauwesSunasslnddn (CCD) tadousuansisasuas (xray scintillator)
vannsvuvesHuIeaNensd Aewlelenalsdannsznuusuiealauenalsd axvihli
wudatenesdBewatluguiinusaiiu (visible light) Fearududuvasuaniuay
Jusgffuusuanenaisdiiumnnsgnu luniamaassil iesneiaseneisd wazniay
pyraduiluinadn Uinasidiudesesnmeglusyium silideseenuuuienesduriunen
Tivundnuludie uazsudl 4.3 wansnmsraesidnisminismaass Tasfienasdusiu
NoUINBEULIUNTAINTIVTULBNTLSE (X-ray detector) uaziinTosonuLsdilusgaiuuy
UdopSsdannduans mntunesfiuneiagldfudeyanmaingunsainsafuionass deld
AensgR LT mlUUssInanasaly

JUN 4.1 1pT0aenaLse JU Diox
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JUN 4.2 UanamtienIaulenasy

DIOX dental x-ray

[

5
1
i '
J '
n 2
\ ‘ |
N 1
o w

X-ray detector

X-ray Phantom

gﬂﬁ 4.3 NMNTN@MIBNITINITNAADY

4.1.1 wnYsdununandmsunagauynaudnansseduasszesinia
1. lumsewinmangngudnansssd ildlasnisimgufanudeundneun
Uszgnald Jauandluguin 4.4 uiasiauns Ineddunounaseluil
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5UN 4.4 nnsuszendlivguianumasundng
BJHF fi® 3un1uU19u89 Phantom

oA AABC ~ AADE

AC BC
—_— = — (4.1)
AE DE
oA AAFC ~ AAGE
AC CF
== AT= (4.2)
AE EG
BC CF
SN (4.3)
DE EG
BC = JE (4.4)
DE =W +JE (4.5)
CF = HE (4.6)
EG = HE +w @.7)
Wy (4.4) - (4.7) Tu (4.3)
E HE
J (4.8)

W+JE  HE+w



dnguauns (4.8)

JE

HE

W, .. W
JEGg+1)  HE(l+gg

11
W — W
7et? I+4%
w w
1+ 2 =211
HE = JE
JE W
HE w

99910

JE = width — HE

e width A® AIUNI19UBS Phantom

wnu (4.10) Tu (4.9)

width—HE _w

HE

v

gy (4.11) Tyl

HE

w

w

width — (W+W)

agle

HE =

w(width)

w+W
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(4.9)

(4.10)

(4.11)

(4.12)

(4.13)

g HE Ao Auviegaaudnatafed@luiuiunuy X uazaiunsaunudnau

A o ¢ o
LW@F’Y]U'JQJV'@@Q]UEJﬂaq\is\iﬁiuLLu’JLLﬂu Y
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1. dndnmienase 2. wasn il
VOUNUNAUTUN 4.5 AN

3. NUVBUVDINN

(canny edge detection)

l

5. WUAMNNLEATBIVDUNIWILLILILAY X B3l
Fakls @l D = veudnean J = vasdienuly | +—
G = 99UvEdn H = vauviuly

4. 1 Intensity Profile
TulILAY X Lag y Nadl
louanastagun 4.6

l

6. wnuAtadluaunsh 4.1 - 4.13 —> | 7. l@aedsinealukuiknu x

l

8. AU ULLILAY y La8AISYIEITUneUN 5 - 6

l

9. laAFWAUIRNL A TULUILNY X

l

10. WADAYA X LAY y AIUUNIMBNTLTE Feuandnagui 4.7
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1 , , 1

09 L Bl 09

08 L B 08

07 L B 07

06 L - 06

05 L - 05

04 4 04 |

03 L 4 03

02 L 4 02

01 L 4 01

L L 0 L L L L L L L L L
0 500 1000 1500 0 100 200 300 400 500 600 700 800 900 1000

Distance along profile Distance along profile

(a) (b)
UM 4.6 (a) uana Intensity Profile Tuiuinnu x v045U7 4.5
(b) waima Intensity Profile Tunwiunu y v0e3Ui 4.5

SUN 4.7 nan1sviirtienAudnanesad

2. ANSAUIUMIASEELLINE (FOD) Men15a519aun1sid taen15919949
o anuvieuaa1eNgUN 4.4 asla

AC BC
—_— = (4.14)
AC+CE DE
1% BC = JE way DE = W+JE azla
AC JE
= (4.15)

AC+CE W+JE
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AC AC+CE
— = (4.16)
JE  W+JE
W+JE _ AC+CE
= (@.17)
JE AC
74 CE
—+1=1+— (4.18)
JE AC
CE(JE
Ac = <298 .19
w
osan AC = FOD 9zld
CE(JE
Fop = <UD (4.20
w

(%

Tududunaunisynaueasluswnsudead

1. dAlanlusunsuAngaaudna1essd swniluaunisi 4.20

l

2. WAPINANISAIWIMNASSaLI NN

AN5197 4.1 hanaA15zeElNNE@NNNI5 TIN5 B USIULNYUAUNITAIUIURIN
AUNSN 4.20 FITALRALANPINUARIALAADUAUNNS VAU 2.47 %

A599% 4.1 M5 19EAIANTEEEINAFIINNNTINSHUTBUMBUAUNITATUIY

FOD from measure (mm.) | FOD from calculate (mm.) error (%)
1 70 72.79 3.98
2 75 76.58 2.11
150 148.00 1.33

' al o o & . Y a
ATWIANAIMUAAALARDUANNNG (relative error) ‘Vi']l@l‘ﬂ']ﬂﬁllﬂ'ﬁw 4.21

Xmea_Xt
Xt

Relative error = | (4.21)

%Error = Relative error x 100 (4.22)
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4.1.2 wnesdurunasdmiunadaugaaudnalsieduazauinvacinia
yuravealda (focal spot size) vaneisuinanilunasnsadiond degn
szanBafedidnasoundinuaatgennidiinaduldesenusdeantn munialniad
HARAMAINYBININENELTES T1RvuIAlngazyinliAMA YR INEN BT Tanad Y301
vadnfulvagiiliinalunisaieddunidu maedeulmvssiisasduninadenin
nuisd faiilunsldouslniasndudendonagnammnzan
1. luniseuiuniaigaaudnatsidlagldiensisddviunaaouyn
Audnansssiuazaunvasinia fdunoudsd

1. WA WLBNLTE 2. wlasn iy 3. MARAUENand (centroid)
Q" _> ° ' ) : 1 .
VOILNUNONFUN 4.8 ANV V0993UAaz (ellipse)
5. WSHUWIRUAMNE1IUDY 4. uAULen (major axis) kag
LAULDNBATLNUINA18T1U WAL (Minor axis) V89395 LAaL I

l

6. ¥IANHAIANLUANAVBILNULDN AU UINTITRE TiEn

l

7. WanaWasuvegaluduneun 6 fagun 4.9

UM 4.8 uananenaisdvesuriunendmiunaaeulngudnansisduazruinvedliia
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5UN 4.9 uanmaiuniindainnuuandivesinueniuinulniivesign

2. TumsAuruA1vuInveslnda (focal spot size) IneldlongLsdununes
dnsuneasugaquinansiduazuuinvadinia Tdasaumunmiaesdumuanadgud 4.10
easwaunislunismarwiavedlida dumidsildlunsmervunvediade dumnied
frnanuuanssveaLnuenfusnulvitesiian 1lesandudumisifinnuduenauin
fign silvien d seu9 2sdiAwvity

FOD

d y \
Central ray

JUT 4.10 ununmdmsumaualnia
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[

AUNSTTMA1VUIRVD NN ATl A 9T

x+d y+d’
= (4.23)
FOD FOD+x
e FOD fia Afil@annaunisd 4.20
_ y+d'
X+d= (y—) FOD (4.24)
FOD+x
y+d’ _
d=(Z2_)FOD - (@.25)
FOD+x

4.1.3 wnesdununaudwiunageuanuduaduveadnasd
M INAaeitilananIsunasvesnInaIglengtsdvategiiieuuuy

(%
1Y

utulauanedsgun 4.11 Feusnanegiideusinnunuianian syililaninaieens.se
ainanniian uazusnalifiogliey azvhluldnmaieienasgiiaindosniganse.Judem

i
Wl

JUT 4.11 uansnmanglonaisdvesununendmsunageuanudududuvondnaisd

NNTIATIENNUT Intensity Profile vosoaiilouwuutudule wanadagy
= a A = v . . o o a aAY 1 A =
71 4.12 USuiaunununiignagli Intensity Profile Avian wazusailaifiogiidey
3wvlildl Intensity Profile 1n¥ign Inganusaazuauduiusanaalinmisei 4.2 uaz
diovmsliesgvianuduiusvesdeyalunsisdsnanagiiilansmdegui 4.13
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U 4.12 uand Intensity Profile vatagiiilouwuutudule

1000
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47

M19197 4.2 ANTINUARIAINENTUSDY Intensity Profile Aupuvuvatagiiviuy

ANUMYRI0gHYY (mm)

B1NA 2 4 6 8 10
u (Intensity Profile) | 255 239 166 106 57 15
300 .
250 — — -
= %
&
200 e i
S
150 | g 1
100 = -~ T
50 ] !
~4
D i i i i
0 1 2 3 5 6 10

5UM 4.13 uanamuduiusves Intensity Profile fuaduvunvetegiiiiey
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4.2 mivmamLLazwamiwﬂaaﬂmhaﬁﬁm

witumeniigniannlutasiiaes \uurumendilduriuneslurisiiviansmiudy
JuiRer uenanisufivdunisinnuasdeavosnimdnde dliunumestutanse
fasinaq 18K gaaudnanswessed anuemliia swiavedlita auasBenvosnin
wazAaududaduresied lumsarmmuasndesvesnmiudumsanunmuosnmd
Antu Geanansotafulduatsuuy Wy Dot Per Inch (DPD, Pixel Per Inch (PPI), Line Per
Inch (LIP), Sample Per Inch (SPI) wilunsdlvesnimtenaisdiu lun1snaasuagld line
pair/cm @sfidnagsinistaiduidug wilunisnaaesiagld line pai/mm (p/mm)
\nseenalsTilidmIunImaaey wansisguil 4.14 fie 1n3eaonatsdvily (General x-ray
machine) 8% SIEMENS Healthineers U Ysio Max

UM 4.14 ip3aaenaisdldlunmmaaey
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Tuaulusensun1suszulIanan I mengLsgvaablunaudlalornanniswmedfuwny
pouludeainds Tudrutunaunisvinauaaluswnsuieadl

1. DN AIWLDNDLSE 2. wlasn iy
vaauwnluneuui 4.15 ANYIIN

l

3. MuunasuRuvesinwalagly template matching
Amlglun1svin template matching wanasiaguy 4.16

l

4. menludnsingeaudnanssed szezliia vuinvasliia
AAu gy Tnelddsimenununeulut9 v

l

5. MAIAINALDUATBININLALNITNT Intensity Profile TosmiiginAuazLden

YDINNPUFIUAEAIUVIIVBINUNDY NaNLALANIAIIUN 4.19 Uae 4.20

l

6. MANRAYTINIENINYDAUULALANUBILFAAL YD

l

7. WisuisuAefgsiuaRisuaazded lagisuanyead
azlduniannou uNUTeIEALRGENINNIIAREETIN ld

AIANaTIDYAURININBEN UMY (p/mm

l

8. JUM 4.21 - 4.24 UARIANANIIATLAINATUTEUIANE




5UN 4.15 aenisdvesununeuluyicnass

;5‘1]17; 4.16 n il template matching
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lunmsnaaeumAIANazideAveININ Ae ANAINNTAYRILUTUAlUNITUEN
swanBenvasingaestusenaniuld iunsussdiudsgmnin (Qualitative Analysis) ln
T¥dumerruazidoaveann uansiagui 4.17 Tunsveaeu fdnwazduendunsauay
99313 Tuts 0.6 - 2.5 lp/mm TsmsmuimmaeLazBenueanIn wansisguil 4.18

JUN 4.17 LaAIEIUMAIAIINAZIBEATDIN N

Line Equal interspace

| |

omm_| | |
1 line pair 1lp 1lp 1lp 1lp 1lp
= 20 mm = 10 mm =2mm =1 mm=0.2mm=0.1 mm

Spatial frequency =
| r : : | |
0.05 0.1 0.5 1 £ e
{lp/mm)

UM 4.18 LaAIITNTAIINIAIANLALLREATBININ
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resolution = 1.6 Lp/mm FOD = 122.3 cm

linearity

resolution = 1.6 Lp/mm FOD =122.3 cm

linearity

JUN 4.22 WananmHAaNE7leannnsUTEIanaangieg1ei 2
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resolution = 1.6 Lp/mm FOD =122.3 cm

linearity

seaaase
'EE R =R ]

resolution = 1.6 Lp/mm FOD =59.7 cm

linearity

TR X

- . e

L & B N ]
LN N N B B
LB B RN
aassSae
aaB e 0e

JUN 4.24 LananmHaEnSNlAINNSUTEIIaNaINAI0E197 4
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NAANSINNNNTUTEUIAVBINNLENTLSIVaIwiuney Tudrunisiuseufieussaslnig
ANNITINTIIALNITATUIUBAAIAIAITIN 4.3 FILANRAAIAIUAAIALARDUFUINS Winru
1.46 %

A5197 4.3 M5 19MEAIANTEEEINAFINNITINSHUTBUMBUAUNITATUIEY

FOD from measure (cm.) | FOD from calculate (cm.) | Relative error (%)
1 60 59.7 0.50
2 115 113.3 1.48
3 120 122.3 1.92
4 120 122.3 1.92
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A3UNANITNABDILASUBLEUD LY

miAdsilfigausrasdlumsiaudusuugUnssinma TaasUsuifisuedeseness
vsaununed (Phantom) wagiaunlusunsudmivdseinananinuuudnlud@ainain
onssgrosuriunondldiantuu Tumstauduuiunendluoondu 2 9 Tudas
wanlfasrsununenmuadnd iy 3 Ju léun wlunendmiunedeugagudnatsiduas
sregliia wiunendmiunaasuyaaudnatsdeduazaunineliia uazununeudmsy
VAABUANLAANDUYDITE JeaivnTideaiiaununenvunin Wosniaieaonaisduas
mionsaduililunmeassvuindn Tudgrumsimulusunsulszanananinainuyiy
nesusiazuuy Idimuuentudy 3 Tsunsu annansveaesmud1 gagudnatsiadiildann
mMsfaidunilndiAssiudiumisnis szegliifaildannnsduniussoslndaiiin
nnmsinasengliussin fauansdsnsned 4.1 nuirdimenuaainndoudining (relation
erron) 1ade 2.46 % ludhuanaaameuvesssanuin fanududadu Juanafaguil 4.13
wazludrunsiannuriuneslutisiiaes Wunshmdnnsuagidnmsmuinvesuruney
Tugnsfindaanld Tnsnssamuuvenia 3 wuy fe uuneudniunnaeuqnguinatadsd
wagszeslilia wiuneudwiunaaeuagudnassduazanuninaia wazwruvaud sy
nagouANanauYeIsid Indeiissununauderfidvunealngiieldfuiedenenaisd
awelnglulsieuia uenanisaliivdulunisindrnnuazidonvesnin wasiia
dp319lidmsunisindlaliamaiia (kvp) kazinsreziiatlunisuasessdiend (Exposure
Time) Wn8nmie TudilusunsudszaiananimligniaunliaiunsaUszaianmusuiy
nowluteiassuuudnlusia Aodethnmenvisdusauruneslurisfiaeadian Tsunsuas
uansesnuAnsouiu Ssanniamanasludiunsindinuazidoaresnintu a1
Aadleegngndocuiiugl

Turaesraznainnside ldnudamuazguasiasieg Tnslemzludiunisaiie
ulunauisanats Tuthsmsnilamlunisaaurunensuiaidn Wesn$uduslegiides
drusngnoonuuuniieyhaudulng Femiuadununeuseudisenn Tuduununey
wunalngflutsiiass Jymiinude %wu%ugﬂaqﬁtﬁamﬂ"’ﬂﬂhﬂ,éfaaﬂLLUUMLW@VTW%WM
aziduaun Tasanznistntundludininaauaziden faondnandvuinifies 0.2
fadwns ilvdesldaiuiuiuiion wazdlddnglunisainsann waslaymiseunae
n¥snldununenlurisiidesnuds anuiiounFliihurunenlunaaeuduiitiosun ¥
Tnanisnaaesiites delinasernanindede dmuugihdmiviiaulahluiauise azdes
y¥uftannsotuzuiunuiifowalng weedenuasdengdlils wasdavaniuilunis
naaouunuvonlilFnouayiiide
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Abstract— X-ray calibration tool for central point, focal-object
distance and exposure time is proposed in this paper. To
calibrate for central point and focal-object distance, a metal
hollow cylindrical | is designed. The phantom will be
placed in x-ray beam with ceniral point is at the ceniral-ray
marker of the x-ray apparatus. The acquire x-ray imaging is then
processed with image processing to determine the central point
and focal-object distance. To measure an exposure time, a
step-down transformer with bridge full-wave rectifier circuit
is used to bypass the primary side of high-tension transformer.
The signal is then analyzed to count number of fullwave x-ray
pulse which can be converted to exposure time.

Index Terms— x-ray calibration, focal object distance

I INTRODUCTION

In medical diagnostic x-ray, the objective of x-ray
calibration is not only to confirm the accuracy of x-ray
radiation parameters used in each exposure but also, an
important process, to guarantee that patient does not expose to
excessive radiation [1-2]. In most country X-ray calibration is a
compulsive legal measure for all types of x-ray apparatus.

N-ray parameters can be divided into 2 categories which
are dose-related parameters and (i) geometry-related
parameters. Dose-related parameters are those concerning
the quality and quantity of x-ray radiation. X-ray
normally consists of three sub units including x-ray control
unit, high-tension transformer and x-ray tube. To generate x-
ray. a high-voltage current is control to apply to the x-ray
tube. The quantitics of the x-ray depends current travelling
from anode to cathode of x-ray tube (mA) and the amount of
time allowing for the traveling (s). X-ray control unit
controls the current through x-ray tube filament-heating
gircuit, where the travelling time through the high-
accuracy timer wuwsually in a multiple of 10
milliseconds.  The  associated-guantity parameters are
known as mAs  The xray qualities are controlled by
magnitude of high voltage (kVp) exerted to the x-ray tube. By
varying the voltage of primary side of transformer through the
use of autotransformer, the energy of electron hitting the
target anode is controlled and hence the x-ray quality is
controlled. To improve the efficiency, the full-bridge full
wave rectifier in the high tension transformer i1s used to
convert an alternate current to full-wave direct current to the x-
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ray tube. The high-tension transformer is composes of two
coils in the secondary high-voltage site of which the center tap
can be installed with mA current meter to measure the x-ray
tube current.

The geometry-related parameters are also important
parameter to assure an accurate, reliable x-ray exposure. An
inaccurate setting of these parameters will deteriorate the x-ray
imaging and also cause an unnecessary X-ray exposure to the
patient. The important geometry-related parameters are central
point, focal-object distance, resolution and x-ray-exposed area.
Central point is the point on the imaging area that is
perpendicular to real foeal spot of x-ray tube. Focal-object is
the distance between the x-ray focal spot to the object. These
two parameters affect the object magnification of object.
Resolution is the ability of the x-ray imaging system to
distinguish between two adjacent objects. The parameter
depends on the focal-size of x-ray tube and pixel-size of x-ray
detector. Resolution is measured in number of line per
millimeter as the testing object is usually the number of metal
strip fitted in a distance of 1 millimeter. X-ray exposed area in
controlled by collimator — a two pair of lead sheet controlled
by some mechanism. This parameter is of important to assure
that only target area is radiated.

This paper proposes the calibration tool for some
geometric-related parameter and dose-related parameter. We
design a phantom to automatically identify the central point
in the x-ray imaging area. The hollow cylindrical phantom is
made of metal. Placing over the x-ray flat panel, x-ray image
can be processed to compute the central point and
focus-object distance. The exposure time is a dose-related
parameter that can be calibrated by a  step-down
transformer to bypass the primary input of high-tension
transformer. The full-wave rectified signal is the digitized
to microprocessor for further processing.

II. ®-RAY CALIBRATION PHANTOM

To calibrate for central point of x-ray imaging area and
focal-object distance, a hollow cylindrical of sized 10 mm. x
10 mm. are designed and built. The size can be varied
depending upon the x-ray imaging system. Fig. 1 (a) shows the
phantom. Fig. 1 (b) depicts the diagram used to compute the
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central point and focal-object distance. To derive the formula,
consider the following.

Consider Fig. 1 (b). A is x-ray source. Rectangle BIHF is
a side view of a hollow cylindrical. Triangle ABC is similar
to triangle ADE. Then

AC/AE = BC/DE (n
Similarly, triangle AFC is similar to triangle AGE. Then

AC/AE = CF/EG (2)
From equation (1) and (2), we have

BC/DE = CFEG (3)
Since,

BC =JE, ()]

DE =W + JE, 5

CF=HE (6)

EG=HE +w (N

Then replace (4)-(6) in (3), we derive
JEAW +JE) = HEAHE + w) (8)

Equation (8) is simplified to

JEHE =Wiw &)

Since

JE = width— HE (10
where width is cylindrical diameter
Thus

(width - HE)/HE = Whw (11)
Finally

HE/width = wifw + ) (12)

HE is used to define the central ray position in x direction. The
process can be repeated to determine the central-ray position in
y direction.

To determine, focal-to-object distance (FOD, we modify
equation

(13)

ACHAC-height) = BC/DE
(14)

AC=(BC/DE}height / (1-BC/DE)

where height is cylindrical height. Then by replacing (4) and

(3)into (14)
FOD= (JEAW+JEJheight /(1- JEAW+JE))

JE is defined by equation (10).

Fig. 1(a) calibration phantom
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Fig. 1(b) diagram
111 EXPOSURE-TIME CALIBRATION UNIT

The exposure-time calibration diagram is shown in Fig. 2.
It consists of step-down transformer connected to output of x-
ray control unit bypassing the high-tension transformer circuit.
The full-wave bridge rectifier is connected to the secondary of
step-down transformer. The 1 kilo-ohm resistor is used as a
load to the rectifier. The signal from the load is connected to
AD of Arduino process. The digitized signal is thresholded to
derive a square pulse. The number of pulse is determined
which reflects to exposure time. X-ray time uses the line
voltage as the reference signal. One square pulse corresponds
to 10 milliseconds or one pulse of full-wave rectifier.

Fig. 2 exposure-time calibration diagram

IV. EXPERIMENTS AND RESULTS

Totest geometry-related parameter, a cylindrical phantom
shown in Fig. 1(a) is placed on the dental flat panel with a
distance of 30 centimeter. The DIOX dental x-ray and the
dental x-ray flat panel are used in the experiment [4]. The
exposure rate is set at 40 mSec., 40 kVp and 2 mA. The image
is recorded. Matlab is used to analyzed to find the central point
and focal-object distance point. Fig. 3 (a) shows experimental
setup. The result of central point and focal-object distance is
shownin Fig. 3 (b). The computed FOD is 7.8 centimeter.



x-ray flat panel

Fig. 3(a) Experiment setup for geometry-related parameter

Fig. 3(b) The result of central point and focal-object
distance

A 100 mA and 100 kVp KELEX medical x-ray apparatus is
used for exposure time calibration as shown in Fig. 4. The
calibration time is performed at 20 mSec, 60 mSec and 100
mSec. The result is shown in Table 1. The accuracy is 100
percent. To wvenfy the experiment setting up digital
oscilloscope is used to capture the output of exposure time
calibration. The capture for 20 mSec exposure. time is
shown in Fig. 5. Observe that two 10-mSec full wave signal
is shown in the screen.

Fig. 4 Experimental set up for exposure time calibration

TABLE I. EXPOSURE TIME CALIBRATION

SETTING TIME MEASURING TIME SaERROR
20 MSEC 20 0
60 MSEC 60 0
100 MSEC 100 0

Figure 5 Digital oscilloscope capture the output of exposure
time calibration (20 mSec)




V. CONCLUSION AND DISCUSSION

This paper proposes the x-ray calibration unit tools for
geometry-related  parameter and dose-related parameter.
Geometry-related parameters are central pomnt where the
central ray incidents and focal-object distance. The dose-relate
parameter is the exposure time. The hollow cylindrical
phantom is used for calibration of geometry-related parameters.
The exposure time calibration unit is also designed and tested.
The exposure time calibration unit consists of step-down
transformer and bridge full-wave rectifier. Matlab is used as a
tool for amalyzing x-ray image to determine central ray
incidents  and  focal-object  distance.  The  Arduino
microprocessor is also used to capture the signal from
exposure-time calibration unit. The result of using the tools is
very promising and can be further developed for other
parameters,
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Abstract— Medical device calibration is the process of ensuring
that there is accuracy before using. X-ray imaging device is one
of the high-risk medical devices that must be calibrated. The
calibration process required these values to he measured; center
ray, focal object distance (FOD), resolution, and linearity of the
imaging system. But the devices used to measure each of these
are expensive. In this paper, a design of the x-ray calibration
phantom that is alfordable and yet effective is presented. An
alumi rect; lar phant ists of a cemier ray
calibration unit, focal object distance (FOD) calibration unit and
Linearity calibration unit. The x-ray image of all the phantom
unit can be analyzed automatically by using the digital image
processing.

Index Terms— x-ray calibration, x-ray phantom, center ray,
resolution, focal object distance, linearity.

I. INTRODUCTION

Nowadays, Medical devices have become sophisticated
device and extensively used in all aspects of medical service
such as prevention, diagnosis, therapy, (treatments and
monitoring of patients. Therefore, the hospitals must ensure
that their medical devices are operating correctly, accurate and
safe for both patients and operators, by always keeping the
maintenance regularly.

A maintenance processes involve functional checks,
servicing, and repairing or replacing of devices and equipment.
The maintenance strategy includes procedures for inspection,
preventive maintenance (PM) and corrective maintenance
(CM). Preventive maintenance refers to scheduled activities
performed to extend the life of device and equipment by
calibration, part replacement, cleaning, etc. [l]. Device
calibration is one of the processes used to maintain device
accuracy. Calibration is the process of comparison of
measurement values between device and reference standards
for checking an acceptable range.

The medical x-ray imaging device including radiography,
fluorography and computed tomography is one of the high-risk
medical devices that are extensively used m wide aspect of
medical services such as surgery-planning tools, diagnostic
tools and therapeutic tools. Therefore, the hospitals must
always perform calibration to ensure that their the medical x-
ray imaging device is accurate to keep the users safe.

The DIOX dental x-ray and the dental x-ray flat panel as
shown in figure 1 are used in the experiment. The DIOX is the
thinnest and lightest handheld x-ray machine for intra-oral
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digital x-ray imaging system. The exposure rate is set at 380
mSec, 60 kVp and 2 mA.

This paper proposed to design each of the aluminum x-ray
calibration phantom tool consists of the center ray calibration
unit, the focal object distance (FOD) calibration unit, and the
linearity calibration unit.

Fig. 1. The DIOX dental x-ray

1. X-RAY CALIBRATION PHANT OM DESIGH

The aluminum x-ray calibration phantom tool divided into
3 ghapes. The aluminum hollow rectangle, The aluminum grid
holes rectangle, and the aluminum step wedge.

The aluminum hollow rectangle size 15 mm x 15 mmx 10
mm (the size can be varied depending on x-ray imaging
equipment) in figure 2 used for calibrates center ray and focal
object distance. To calculate center point can be used formula
(1) and FOD can be used formula (2) in previous paper [2].

He = (wiwidth))/(w + W) 1)
FOD = (JE/(W + JE)height) /(1 —JEJ(W +JEY) (D)
HE is used to define the center ray position in x direction. The

process can be repeated to determine the center ray position in
y direction.
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where x is phantom height. X is phantom dimension
Finally,

— yHd'
d4=FoD ooz

-z “

where d s focal width, and FOD is focal object distance value
derived previously using phantom in Fig. 2. The focal width of

x-ray tube is left for future work.
d
A
FOD
x
— |
Fig. 2. The aluminum hollow rectangle
X
The aluminum grid holes rectangle size 15 mm x 15 mm x
10 mm with circle grid holes (the rectangle size and grid hole
size can be varied depending on x-ray imaging equipment) in
figure 3 used for calibrating center point and focal width. d' y
Central ray
Fig. 4. Diagram

The aluminum step wedge of size 15 mm x 15 mm x 10
mm consists of 5 steps each step height and width 2 mm as
shown in figure 5 used for calibrating linearity.

Fig. 3. The aluminum grid holes rectangle

To determine the focal width, the aluminum grid holes
rectangle phantom is used by detenmining circularity of each W LNy S/ b
cirele. The circular image of the hole has high circuitry if the sy ]
hole is perpendicular to the x-ray source. To measurc Fig. 4. The aluminum step wedge
circularity. the image is first converted in to binary image.

Each circle is them segmented and labeled. The major and

minor axis of the circle is then evaluated using central moment IIL. EXPERIMENTAL AND RESULT
[3]. Once the centered circle is found, the shadow of centered To calibrate center ray and foeal object distance, aluminum
circle and neighboring circles can be used in computing the  hollow rectangle phantom is placed on the dental flat panel
FOD, as shown in figure 4. as with a distance in table 1. The x-ray imaging in figure 5 is
recorded. Matlab is used to analyzed intensity prolile vertical
f+d _ y+d' axis and horizontal axis as shown in figure 6 and 7. The

FOD  FOD+x () various computed FOD is shown in table 1.



FOD from re (mm) | FOD from calculate (inm)
1 70 72.79
2 75 76.58
3 150 148,00

Table 1. compare FOD belween measure and calculale

Fig. 5. The x-ray imaging of the aluminum hollow reclangle
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Fig 6. Vertical axis intensity profile
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Fig. 7. Horizontal ads miensity profile

To calibrate center ray and focal width, aluminum grid
holes rectangle phantom is placed on the dental flat panel. The
x-ray imaging in figure 8 is recorded. Figure 9 1s shown as the

result of center ray position.

Fig. & The x-ray imaging of the aluminum grid holes rectangle

Fig & Center ray position

To calibrate linearity, aluminum step wedge phantom is
placed on the dental flat panel. The x-ray imaging in figure 10
is recorded. The intensity profile, shown in figure 11, is
analyzed to automatically extracting the intensity value of each
step. The intensity is then plotted against the step height. The
result is shown in figure 12.

Fig. 10. The x-ray imaging of the aluminum step wedge

69



o 800 1000 1800
Distance along profile

Fig. 11. The intensity profiles imaging of the aluminum step wedge
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Fig. 12. The result of linearity

IV. CONCLUSION
This paper proposes the x-ray calibration phantom for
calibrating central point, focal object distance and linearity
response. The aluminum hollow rectangle is used for
calibrating central point and focal object distance. The result of

FOD value from measure and calculate are error less than 5 %.
The aluminum grid hole rectangle used for calibrates central
point. The central point can then be used for measuring focal
width in the future work. The aluminum step wedge can be
used for measurement and analysis of x-ray beam quality.
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