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ABSTRACT

This research is present about the configuration kVp and mAs for the medical X-ray system
to find narcotic tablets. This method are used in medical, military and security to examine suspicious
objects that are hidden inside a suspect car to display the image clearly. We configured to control the
energy of the X-ray radiation to find which quantity of X-ray radiation are proper to the object to
make a good picture, and can be diagnosed correctly.

This research discusses about the design and building methods that used for calculating the
energy of X-ray radiation to the narcotic tablets that concealed in the car by using a calculated for
the highest voltage of the X-ray tube (KVp) and the amount of X-ray radliation that occurs (mAs) that
appropriate to the object.

The results for the kVp and mAs that proper for the 1layer concealed in the car uses the
technique of radiation at 75 KVp 5 mAs, and the KVp and mAs that proper for double layer uses the
technique of radiation at 80 KVp 5 mAs to get a clear picture of the experimental . The S~value have
ranged between 200-600 and the other techniques of radiation, The S-value does not exist. That
make an unclear picture.

This research focuses on the use of medical x-ray to detecting narcotic tablets into the
mainstream. Because there are records of officials found to have been illegally transported as many
as possible. Results from the research will allow the staff to perform their jobs quickly and accurately

diagnose.



nnRnssuUsznA

1% ' '
Y C% a

einusiauiansalaniennuniunne1a1seiiving we.es.aius aadnnaadl

Inawewasizn ewie atuayu e Wuuzypundymnaensulnaugiazseaunisui

Aunvanian v1nee3angruvdadusensBanasvensiuveunszauu a loniail

VBYBUNTEAN WA, WAAENT LaAUIELAS 919158U5¥1a1IrNnssudasiuyseine

v v v [V
a S|

FlaUinw wumensmeideld uazaosmeimde atfuayuunmaaumlnauddoduil
UsgaunuAIINd 16w

YOUDUNTEAN 561, DIUND V1IN TIvAUTnw TuurluuumislunaFeunaznside
wazenevde atuayuunimatau auidetuissauaumina 159

VBUBUNTY AU awmiEjawﬁﬁzj’f’ﬁmmiuﬁmﬁ’uﬂizmmqﬂmu ﬁiﬁm’mguaz
Usvaunsaifinunena mwansAnsutadussnsbaazvensurounsyanin a lenadl

YOUBUAM DINTOUATIIMUNT AmzUWIBAERS unTInendoysn Alnarwgsauddln
ArmeyAzEosgUnsailazanuiilunTaaes

uazaameveveuamauluasauniuiduiiings swwdadiouq fin uss vaswmand
Jun Felafidluturmainaonin

amiuanunuRsulafiinaninendnusatul wanveneulvfudan wsan
Faduiinuaziansnds naonaunsenanseiiaswyanuiilavssanivssamisnanusuas

1% 1%

1 ‘d‘d v 1
DNUNOAUTEAUNITEUTR LAY INED

BIYNT WAL



W

UTIAREDATI LTI oo eeee e ssees e e e s s e e es e sessee e eeeseeeeee |

UNPRLDNNGVIING W seeesssssssssss s I
N TTHUTEN NP eeeeeeeee If
BTTUB e s e e e s e e oo e e ee e \Y
AVTURIRNT N oo Vi
AVTUIN I oo I

T I T ) 2 WS 1

1.1 AHTUINUDIINGMINUS .o eeeeseesessssssssssssssaeeeseenesne 1

1.2 FAGUTEER oo 2

1.3 UDULIATDBIITUIDY oo seeeeseeeeeeseseeeseeseeeeeeesseeee 2

1.8 FunoUNTITIUAETRNNTATIUIY e 2

1.5 UL BTNV S U oo 2

1.6 TATIESIUBTINGVTINUS oo seeseeeee e 2

undi 2 mwﬁuazmui%’aﬁl,ﬁ'aﬁm ........................................................................................... 3
2.1 PARDOLDNTLTE oo eeeeeseeeeseeeeeseeeeeeeeeeesesesseseseeeees seeeeeeeseeeeeeeeeseseeeeeeeeesseeee e 4

2.1.1 @UUTENOUVDINABALDNBET ovveeeoeeeeeeeeeeeeeeeeeeee e seeeseeeeee oo seseeseseeeeeee q

2.2 SR ONTAUNIT NSO TN S IALDADETE e seeeseeee s eesee e 6

222,10 SIRUDND oo eeee e ee e s see e eeese e eee s ee s seeeeeerenns 6

2.2.2 MITHARTIEUBND oo eeeseeseeeeseeee s eeeeeeeseee e 7

2.3 ANSIEVUUAUTAN (RadiographiC IMAGE)......vvvvveeeeeeeeeeeeeeeeeeeeeeceeee e 8

2.3, 1 AT NHA Yoo eneee 8

2.3.2 ABUNTVEN oo eeeeeeeeseeeee e eee s eeeeseeee s e ees eeseeesesesseseeessseeeeeeenes 8

2.3.3 ANAUDIRDUTIT VAT .o eeeeeeeeeee e eeses e seseeseeeeeeseeeeeneees 8

2.3.0 A NAUDIADUNTVATIVIIN D oo eeees e eeeeseseeeeeseee e 8

2.3.5 ANAUDIADUNT VTG 8

2.8 JATOTTNATOUSUIU EXPOSUIC.eereesee e 8

2.4.1 $eauoLUS (MA) 138 MIlIBMPEre.......ooooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeene 8

2.0.2 LAY (TIMIE). ettt 9



#1505y (#i9)

W
2.4.3 mmmmqﬁﬂéqqﬁqm Kilovoltage Peak (KVP)......ccuwrrermerreeonerreennne 9
2.0.0 FZYZNN (DISLANEG)...e e 10
2.5 nuvendnsauasienaisdnauiaimes (Digital Radiography)........c....... 11
2.6 AANATTONBLTINATINANY ..o eeeeeee e 12
2.6.1 FURALALIDT (SCINEILETON...... oo 13
2.6.2 mMannenmiidasunanes (Computed Radiography)........ooovvvveeeeeeeee. 13
2.6.3 1399la4 (scanning laser stimulated luminescence (SLSL))................. 13
2.7 Mstonalsgnauines (Computed Radiography)......ccoooooeeeeeeeeeeeeccccens 17
271 ﬂ’nmmwmﬁa‘i‘%a%’mgﬂﬁLﬁumw%’asﬂmz (latent iMage).....co.o....coe.... 18
2.7.2 AATAR (radiography CASSETEE)....oovoooeeeeeeeeeeeeeeeeeeeeseeeseeeeececeeeeeeeeeeeese 18
2.7.3 druasawosAunsaunuuiunthaeWlfafyiaida (photostimulable
SCIEEIN .ottt 19
2.7.4 TWIALALOA (DNOLOIOE).........ooooeoeeeeeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 19
2.8 Digital radiography flat-panel System.......cccevirrieeceeeees 19
2.8.1 1ATIANUDITEUUBIAANTOTNG e 20
2.9 38UV Backscatter X-ray imMaging.....cocceeriieerieieeeieeeeeee e 22
2.10 Conventional X-Ray SYStemML. ... 24
2.11 Automated X-Ray SYStEMS......coviririerie s 25
2.12 CT. X-RAY SYSTOMS ottt 25
2.13 Carg0 X-RaY SYSTEMS ..ottt 25
T I ST 1A LT VAR Lok O 29
3.1 PRI IUNTTITE oo 29
311 1A9E5194AT0IAUTEN B UTONAS BUBNBLTTNUUATADA oo 31
312 msmeaesheildanmsiuasnhnmsngeusensdinada
(PrOTOCOLS) ..o s 33
3.2 QUATAITIHIUAIINARDY e 35
3.3 GURDUNNTIIAGDL oo e 38



#15U%y (#i9)

UNT G WANITIDUAEDAUT VN e a2
I 1Y o T F= R T Ll YT a2
4.2 NANITNAADINULASBUBNTLTIIIALDIUNAINNAT SVAlUC ..o 42

4.3 n13nIvEeuAuanURvasiy Detector Bnasalagly software Auto PIA.... 45

4.4 AFUNANTTNADD oo 47
UM 5 ATUNSITEUABTBUAUBIUL oo 50
5.1 ATUNANTTVIARD oo 50
5.2 VOUAUBIUL .oeeeeeeeseseerssssesesssssesssesssssse e sese e 51
BDNETTONB vt ssesse e e 52
VNI I eeereemeee s e .54
AVARUIN 1 coeereeeeeessessssssesssess s ssse s e 55
AVARUIN U cerverrsreeesesessssess s sess s s 75
AVARUIN Bl coerveerrssesssesesss s sssss s s e 91
UTETARITYU. oo sss e ssese st et 117

Vi



#150yM1319

AN31371 ik
2.1 ugnsnaamesaLumAluTaE A3 nead it 1emenssy 1980 S50 2009............. 14
2.2 @ulsznauaudIuIRmnmasAaInea (digital detector). ... 16
3.1 hARUTZANUTEANMAZ N TUUDIVBINA N o s 31
4.1 uansisnsvaaeuiilagAnaTRLALUTTAVEA MU IUHUDEtECTON. .o 45

Vil



o/
d15UtusU
vy
JUN Wi
2 L AT DI DML TE oo 3
2.2 TASA 19NN U DI AR DAL NYETE oo 6
2.3 USRI WA LU T ATUN NN, 10

2.0 \p3030NASTRUU Direct Digital Radiography (DDR) 954 a-Se TFT ifu detector..12

2.5 STUVADNIWLAUTAL (screen—film (SF) SYSEEM)...vvveeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 12

[

2.6 WHUNNWUSEUBUNITIARUIUSEANTBUNALULATN1SAN18N NS IR In 08

(digital radiograpY) ... e 15
2.7 M3SULaUDIanaLsaINoaNes (storage-phosphor screens (SPS)) ag NSISB9ES
fmﬂmiﬂizﬁuﬁwum (photostimulated luminescence (PSL)......c.ccoveeieeirivieineinieann. 17
2.8 Fumsumsaunuanaisaedes (storage-phosphor screens (SPS)).........covvervevennc. 18
2.9 1ATIES 1 UNULWANLUY (Flat-panel SErUCTUIE) ..o 20
2.10 9154599 UTeLR0SHANUN (thin-film transistor (TFT) array).....o e, 21
2.11 awdndudavesduiiaawmes (scntillator) Alifllaseadns @) way Juiiawad
TAs9E519 (237)35UUABUIBSADS S U FUTIVLIAL oo 22
2.12 ﬁ;’ﬂ%miﬁﬁﬁﬂgﬂmmﬂﬂaLﬂ%laﬂ Millimeter-wave imaging machine........................ 23
2.13 W whigAauLA3e3Reu Ao S TUTEOL NANBARU. ..o 24
2.14 La’]’mﬁ'}ﬁﬁmuLﬂ‘%@ﬂﬂauﬁ’ama%‘luizaﬂﬂamqLﬁué’wizw PACS oo, 26
3.1 feyaaiAnsdunuvesUi sl TouAeURUTIORIU. oo 29
3.2 AAYEINANNITIUNMEWANAAUTTH VUL 30
3.3 ARAUTTLANUBINANTTUNLEUANAMUUTUI 30
3.0 WAASQUNTOIFNUDITHUULBNDETL oo 32
3.5 TAT9a5 1Az 0AUTENOUVDUAS 0 ONUIET T U UURRADR o 33
3.6 NFINLAAIAIADIUEURNUS S-VAIUC......ooooeeeeeeeeeecce e e 34
3.7 fhegemnisen¥dmadagaAuluyhlildan S-value fmin 200, .o 35
3.8 faognamnasanisdimadiasiAuluylilde S-Value a1 200, 35
3.9 NINOBNRUUYATIAB BODY FOUUR oo 36
3.10 NNYATIAD9 Body TOHURVUIUAIINMUT T8 e 36
3,11 AMNATET X-Ray TOSNIDA XKO-BOS..oreereeseeseesees oo 37

VI



d150N N (619)

A v
3.12 WS RANAATIBIVUI 0.71H. TIUIY 200 WIR. ..o 37
3.13 27w DR(Digital Radiography) Konica Aro DR........ccocirirrnineserereeseie e 37
3.1 MARDIBITITUUUIFU. oot 39
3,15 MARDIBITITUUULZTU. .ottt e 40
3.16 URDALADLINTULARSTUABUNTTVIA KVP UAE MAS ..o 41
0.1 WAASTINITIIUART SVALUE TR v 43
4.2 amuanadsszutionasdildlunsmnaeansgndoululaneuuu 194 .o a4
4.3 amuanadsszutionassildluntsmnasamsgndoululans 2. ..o a4
4.4 uansisnsvaaeuiilafnunuaLTRLAYUSEAVEAMUBIUHY Detector............... 46



g a a 1
1.A27U JUUYDIINYTUNUS

Tuthgdunisdnasurueaniin n1snentsme wagssfnsdnasuauyuei i
Togrunvurlunisvuasineasgn soudsfnngrunsmanduilusruwivuy Taefinisda
doudassummusiieeunnaamuniilaosuuiiowiniy Fannsmsaeumnuenes
asdeneauUaiiuennasn mnisnnaaeuluandeamifinmieidelsladaiuiaom
fuarlaunisnisuszynalyssuuidnaseifieraslunisu R uresamuilg
UszAnsamlunisnsnaudedu laeyidoasm n19mnaesnmuaa KVp uaz mAs vos
adaieneisefiianganlunisiensiss Tagaesasdo anediion Aulanimiensse s
Resolution LAy Contrast iMuzauLazAMAMYBIAMARIM I annsnfiuneazden

Yaanmenaselafiivingaesasdeladaaunndsiiu

laglulunsasendsdmatinvasingresasdodnaznaddyialunimeaseniian
YU FIUNTUIPTNUZALILABIN MAaeaialrlaawuizay seulunism 31U

a ¥ a = ! o a a I~ = !
RENQHAY fi‘lﬁLﬂ@ﬂrﬁLaﬂL’Ja']ﬂ NUAN k\/p BaE MAa LLaZAMMINNELNAUADIRILUNITLUYIUY 11]

[ 7 1l
v d v v

WangauiuIngAneenisnsan mdwielulaafiuinivay lngnowm nismaassnuing

ABEIRNeN MUAAKVD way mAs vaeinguunlalagisuniinl “Protocol” vevinguuglng
= o ! o - 2R v '
WBnmegeu 1nen1sianT kVp kay mAs anua miu Tunisdnwtiiuunislanuasesnny naw

LONYLSE FILINNSTNNY Farlaane

1.2 inQuszaen
1. vwaoummiululalumm wRewsnassynemewe il Tunsrseameaniaviinge
2 Fnwnmn mean KVp 1ag mAs fvnzanivrmveeanineiinge
3 Fnwnmn meAn Kp uay mAs 7 mmxauﬁummmuwaﬁa@mﬁgeqﬂszfauml,awamsuﬁmﬁm

4. eI nanuingaesasdelniianusinsiuiug 1Ny



1.3 YaULYAYDIUIY

. ANWIAANBULLALNANMITN IMURUFIUYDITHUULDNTLTY
. AnwnudnwzLaEndNMIN INUNUFIUYBLLHUdetector

1

2

3. ponuuuslATIaTI0sUAY Rosfiarlelunimaaey
4. naaesu Miin walunaaeulyny

5

v
o [y

. 3’3‘U3’33J6U8HaLLa8%Lﬂ3’]3‘ifiﬁ\laé}7\lﬁ%@\‘lmaﬁ]’1ﬂ% ySU

1.4 UAIUMSIVYUAZITNMIATLLLIU

1. AnwAeaiual KVp hag mAs NinananIwensLse
2. BONKUUYATIWA IUNIATKVD kay mAS ARz
3. MAUFNTUSVRIAT KVp Uag mAS kagaAIunuIvesinglagnsn Wi

4. nageulaziuiinveya

1.5 wahaai1azldsu

(% 1%

1. lowpsestionyiss wsammazanuunmumtunsujuanuiaslaassdmatiai
A NUAIN KVp Lag mAs
2. l9 Protocol Usea wrveseanefinulinge

3. @m150UsEENALIULATABNYLIN NS BLTien IV Ine e Anviadle

1.6 1AS9E519009NBINUS

(% (%
[

InerimusatuiladeuEsmnuanisaunuagnaaetuazy wuatiuunae sl
undl 1 unu nandsenudun e JunouuagiinsAnyiuaskaiinig
unil 2 nguiuazaiofiieves

Ui 3 Tumeunin Alun1TIe

unil 4 anAfouazeiunena

unil 5 agunanisIde



2

=Sb.

un

N B AL NNV

sonanaser uindeationsne Sediens nndsulnn laeissdianmseuninla
nasmaneseigninilvsounai ey insullavefifiavesnouged wuisamy asn niin
navdsudundsnuveddansiilon whidu uazmendsuesnuluglresnmasiidions
Imaéwﬁi%muquwé’muﬁuaq YedlenaResyiuAT High voltage Moulumasaionaisouas
ﬂ%mmmaﬁﬁmn%ﬁtﬁmﬁu%gﬂﬂ yualaganszualviiiniunasn (mAuay Lafivaoy
%97 (Time) 1onaise machine ndnnsiuguwasnsUszgnafafioneise Aoavuassfadves
Huinnfinean1sns9aey Insedumnnsenuiiung Detector ntuuIAmansf
LﬂﬁauLLUaﬂlﬂmm%’aﬁwé’qmﬂﬁléjﬂhui’mqmfmiz‘vmu wWsriana mniidnelugiany
Super Computer ‘Uizﬁwﬁm‘wqaﬂ mmwaw%aumaaqgﬂm ﬁwaﬁmq (Image Processing)
LanmaTvTeRouiino ol

Tnewrtesonaise daruusznaudianday lawn

1. vaemenelss v vinfduuvasnidadidiend wWelafundaauliy

2. uvasnelaiviinszuansam mafnenssualivusdugaunvaononese

3. SEUUATUAN Y MUNTNAIUANAEIY USinamasanlunisuanyase Sadieny

[ 7

4. wnuganaonenaiselaziesn nundausenaulniesesenwiseUaseTadane

1ARSINUALAUILAEYIYTNNITN ITUELAINTY

x:l' '3
JULATDLONYLIY

UM 2.1 1AT99L0NLTY



¢

2.1 inaaLanYyLIe
naoaenusetiuliuaIulseneufianfyuesasosongiseinsziinuniiun i § o8
DN N5 IUVDINADALENYLTIATD MBUENA1T Thermionic emission Aan1sNlanas

&, YV

ORLERINVeRR

ee

fi5aansouinudvennunnivinalanasmenase diolnuseiulim
Lm"waamLaﬂ%LiéLLgaSLaﬂmsauazgﬂLéqiﬁﬁmmL%aqﬁalﬂé’qzﬁuﬁlﬂuﬂﬂam (432 Anode)
7 anlaneiitiavernougen Saanseurzluruesnouvaslansidud m nAesidians
Feanunsauurinvasonaisenudnuazyesay Anode la 2 wuude Stationary Anode
unaeaenaisevinda Anode aqlﬁ’uﬂlﬁﬁ’ULﬂ‘%aﬁﬁmé’ﬂﬁqﬂumﬁﬂ w1 1eTedleneLy
\AAouT (Mobile n3a Portable unit) AiflvunAUsTaas 50 MA n3onasALensoTYRY
wieuenaisey Jafinduadesluinnin (15-30 mA) Rotating Anode Wiunasaienaise
¥iinta Anode uaumyu Wowaglunsssune Awsoun Ivannsanunszua (mA) iy
shwaamLaﬂezit,isj‘i@iuqaﬂfiﬂl,t,uu Stationary anode mmzam%’ﬂ%ﬁ’um‘%mwﬂmisjﬂ"'gq 1
(General purpose loneLse machine) i'suﬁ”’uﬂ%auaﬂ%Lﬁé%ﬁﬂﬁmmww{wq e Digital
Subtraction Angiography (DSA.), Computer Radiography (CR.), Angiogram, \A3osenTLse

AONIMOS (Computed Tomography.) Juny

2.1.1 dauusznouvasviaantanaise

éauﬂizﬂawuawaaﬂLaﬂesziEjf"lj\i Stationary anode LWag Rotating anode Ainay
auimiloutuuautegnsazuanaetu Ssazlananluseazdoanoluluwnazaiu Housing
(Case) \usfiamIvussvasalongisonazaul sznoudug  dnunizues Tube housing
9 meogidiiamunszuen neluymeununsia Sveudaiflelnduiilvidiongosnuian
naeAL38n11 Tube port F990atiaziigunsnmmaiioufie Collimator finavuiieuay
YOULIALATILING VO4¥eA (Beam) ¥04Tube port Txdlununaafnnuiianuseulad dazes
dllelulvinduiiegnluaoaonusglvasen U3 fivasideanislu Tube Housing
YOIMABALINTLIE V1 MU BI85 UIBATILTOUIABNTTHIAINTOUTNVADADNTLTENS S
uinaiiviu Tube housing wazdensUastuillnszmnety High voltage i lonization (e
ynlufiunifuussgey Wiuaivgiie iniasemsdaluviisas sgn o nainnisunnda)

neAnaudenisunvasaensela uduilvneaduniiundanuuiansgs luseme

d a = a aa
wiadsuaguiaaumgiias wazsiduauiung



Glass envelope (Vacuum tube) v uviaongayy1n1Afn1Mu1Avie nu Anode,

g7} q
o v

Cathode wag Filament Wailfiolndiannseufiinduitinasnmu Cathode 35l Anode
Taae mnilenrnnelumasnenaise (9194in9NNANTINVEIaBALMIALTN VaeAENwEY
 Inornasuelueislule Benan Gassy tube ) uarazn ndlaansouiiassiudiyudeeu
AN sunndavese N Anslunas ALENwLse (lonization) dralnanuiEiveddian
AsoUTIAILaY U B laAR SO URlUT Y Anode anatnisdnalnlSuaSidonadiing ul
UpraImBLaviingun dnevarremasaenwlse luusnamutsazeonsuuliusaw
ALY NADA LaﬂsnLiéh@%LWﬁ%fﬁLaﬂsz?%g]ﬂﬂa'aaaaﬂuﬂn;ﬁmmuwﬂiw%nmﬁu Sun
U3naihn Window wamsznainisiv Ssdlenaunulas vasnenwisefilasdnuarye g

d‘ ¥ S ¥ a v a
unnauenyselaglyUSuusduin

2.1.1.1 H2uelun (Anode) 1uthuanvesasmenusefidnuariduLauaunaumi
nnlangiamusaassn sausluniowm MﬁwﬁmﬂﬁﬁLﬁﬂ@ﬁauﬁéaﬁaaﬂmmL.%aqqmmﬁgq
el (§2 av) ’L‘Lmaa@LaﬂsziLséﬁq%aaw’%awqmwdwmswﬁm%&ﬁmm%mu%LLaIumzmu
aaﬂlmaam Lﬁal,ﬂumimzmamm;auu,azam‘[,aﬂflat,ﬁmm’]mﬁamaLﬁmmﬂmm;auﬁqn
Auld

2.1.1.2 93kAlne (Cathode) Wuthavvewasatenaiselsenaunielanasnnil

(%
(Y

dnwazwmilounainiidaniegnielu Focusing Cup

2.1.13 lavaen (Filament) iduupanasisaudsiivann sznaunsvosdiaualna
({lavifiiuay) vesvaonenssadioinszuali 3 snuunaiatiagn Ananainseo uiy
auﬁaf‘;ﬂﬁmmsaﬂéaaSLﬁﬂmﬁauaam%ﬁai%mﬁm%fqﬁl,aﬂ%

2.1.1.4 Focusing Cup

duaunilwestaualinalunasmenaiss dnvasmileunivasuseulanasn saile
v An Focusing Cup fifneluvinduay Focusing Cup aen winiindndidnaseuiiinan b
waeadadulmicllaumn e Sidnmseuunu

2.1.1.5 Focal Track

Fofiuiuutueluafigndidnaseunlanasaisusnsine luamusevanansuan
idone

2.1.16 Maamﬁaq@mmﬂ (Glass Envelope)

NS LLﬂ’JﬁM’E]V!ﬂWia’eJ\'ﬂ bDNYLIY ﬂﬂaiuwaamLaﬂeszisJmmﬂw’%aﬂwﬂ’wm%gﬂﬁ@

r-ﬂll ¥ v [y ‘s Ya ¥ a A
soniiien tmdugaannia WunsUssiululudidnesewanlanasainnisnssn meduiy



Tuanadu (o fﬁﬁLﬁ@@Lﬁﬂmaunﬁaqﬁlﬁ) wazifiolastuniafnoandlaguedlanaonainnis
FIUANUBBNTYLIU

2.1.1.7 unun3u (Rotor)

mnpiaunulaveitatanelusvemasnionisen tr uelunaunsanyuseudla
EUmzﬁﬁmimﬁm%ﬁLaﬂsgﬂ’mmﬁammgmmmmWagmaq%maium A9 3,000 S0UMDUTION
tauelun armidigeanunsonsulads 10,000 souneud

2.1.1.8 11 %0 InidaaUen (Target or Focal Spot)

mnedsiuiidng vutauelunvemaonionaise 8inasounTIEIgI TN
lavaeemavudunalundidnaseriswamienen uandnidusadiond (<1%) waganu

soU (>99%)

sUN 2.2 lassasunigluvesvaenieneise

2.2 SedengAUMsaeMWIsdLanwLse

Sdenadilalunsanen mSsdnansunmeidu General radiation 3o Breaking
Radiation lunwieasiudena Bremsstralung AeSsdlenafinamlaanism udidnnsewis
ﬁz}uwaw%awqﬂ a1SedvTndu 1wu Characteristic Radiation LLﬁazqﬂwﬁmfuuwﬁaa AN
A9 MSENNAUNNEUaT Bremsstralung Radiation asidusavdna REYNINTDINTITAA
AN

2.2.1 Ssdeng

%ﬂ?Laﬂ%QﬂguWUI@EJ Tagau AeUTIA SumNY (Wilhelm Conrad Roentgen) %17
wosity lneSaflondueidnuusuazamauiAduidfed uamanlin (Electromagnetic

Wave) 173188 19AF UdULINT 19z 0l uY9R A 0.04 - 1000 A. Feogluyiasendneied



unufuedsansilalean Tne¥edienstursdanausiiiunaduaun i wiun gy
agneRsdenu i fuam e venanidiaunsnazmou snvuazdosuula
witounas Tne¥ediondarluvndaiumsneluauuuumdnuieawalviny Tagnisda
Sdonaiinrnnisfioynefitarudiasislusueyniedidudw didnasouvesoynei
Juilvgeeenuenislaas deansunsesailelniuiidionganunsndiagiinn seuaunis
pandun aunsoiianszuiunisgiuaeunlatueg fumiumuuuuasy winvesesne
vosaanstiug Sedlendannsnvassussgliilaidedunmamniue niaieny suluds
annson Aanswdsulawidunuaiuaziinim Tns¥dongasdo untlunsmeg
yan3gn anansneanuRleyweLardalaudluanusanzauiu wHunzivdonaunin
wun la
2.2.2 Msuan3edend
Tunsudndedionaiiue Wuszmosiinszuruntsmegiouaddl

2221, Msinasdidnnseu

n1s¥nasdidnaseuazandensaualivi (Electrical current) fiasuulavaon
vostaunlng asn lavaonsontu delanasalasumuseuunii mefiasUasans
SidnnsouIuvanooniINlanasanszuILNIsh (38171 Thermionic emission Blinnsaw
namoenuianlavaenazinindunquegseulanae nuideadssionaisognna nquues
Sidnmseuiignensisluuny Spaced charge nawualuiillaflunussditadedvunedu
mA %39 Milliampare

2222 Bmasinuihididnnsou

IFn1sissauHBLanAse uare @y A NA1IYBIAIAILA AN N
Kilovoltage Peak (Kvp) AonrumsdnslirifiAaduszynada ualnauazielunvavaon
nwisy ey mnfiduiindidneseudousunaintionasegnna

2.2.23. 3501 %ﬁ&ﬁﬂmauf‘ia%mm‘%wqﬂ

Target wa Focal Track n wuniiv ndidnaserisnawiongn sy
utaam Whwewaoaionusemee Siavozmeuas (Z=74) Favmneds 2 wwedlusmou @
Uszquan) lulliedeaesesnondsiudodidnnsournlanasninermiesnouiaasmaziin
nsfagAIImsUszUINYestUmeunNtIn e Refuiiinduin InAnddnaseuissas

wionga Ldunaluiidienaiinnnuseu siandlusneuluinfvauesFdiussd@nsam

[ '
s A

NISWARNYLTEUDY  LHBINHR WIUlUINOU UBENI WAy TeANUIIANITARIMAIEY
(3,370 peAnwalfod) dsiiniug Reuliosann UInNA2T 99% YBINAWUBLENATOUNI 417

ynlanasngnidsulyiduninusewdiedidnaseugny vawmsenyaianniigavasuimvan

4 m’;ﬁﬂmwaauma'ﬂm@’s



2.3 MWSeauuiLTian (Radiographic image)

2.3.1 A A(Density) WioAun VosnmSIAULLHUTaY (Radiographic Density)

N DIUTUIUAI A ﬁﬂsmguumw%ﬁwuﬁuﬂém Tneaaun vosnmuuilay
vugeuflaniinumfu Natural Logarithm vesdmanuveatiuinuasiinnnssnundsilasiy
Uhnaunasiinggauilaneonin

232 AaunTIan (Contrast)

WNEES ANILLANANYBIAIILA muﬁuﬁaawmuuﬁuﬂéu ATUBANANVBIAIUA 7
i ansnsaiudunmeneg Usmguumw%’q?{lg

233 @NAv8IRBUNTIAN (Scale of Contrast)

VINBEY 9 WIUSEAUAILLANANUDIAIIA TeraaTidLsaNeTiule

234 @nanounsaniie (long scale contrast)

VNeEe AEUNTIEVYBInMEETUEN T Ue IUSERUAI LA AR 11A7
Aun Teuiuuunmaziinuse o sedudnindoullesme deiufeda 1uan
Fudufiaztes (WieBonineuns1ans 3

235 amaﬂaumﬂéﬁé’ju (short scale contrast)

waneds peunanvesn miETLandmiiiue wusERUATLLANATTY BRI 1T

ApTIANLANANNYDIAUA MeluATEiu Auuesn i eududn wazdundaiau

2.4 Ya3eTifinasauSuas Exposure

2.4.1 faduauds (MmA) “sa Milliampere

faduouys Ao 908 (1/1000) + weuuUs (ampere) Tufe 1 faduouuus = 1/1000
%39 0.001 L0usan nung musum&é‘ﬂmauﬁmmaaﬂmmﬂ"l,gwaamawaamaﬂmié e
la¥umuseuiigane a1 mA fnaneanua1vesnInnIs¥sduunnuilan (Radiographic
density) Radiographic density #3178 83USH184A210A ﬁﬂ'ﬁ'mguumw%f@ﬁuumuﬂéﬂms

AuA Wdunaann Metallic silver NlAFUFIFLALHIUNTEUIUNITATNAMNINATILAD
AAIA * log (Sedlenaise v/ Sadeniseineaniy) (2.1)

mA E,jj\i —> AALAYLIENIN —> AIUA VBINNSIEUIN

MA f 1—> LAANYLIYUBY —> AU VDINTNSIFULY



ngyaly: 01 MA LNTUADINT AR WNTUADINN
01 MA ARAIATININ AUA ARNAIATINLI
07 MA LTUAWN AIUA TAUYUEN

v d| [ d| 1
01 MA ARRIELNI AINUA BAANELN

2.4.2 11a1 (Time)
nalvlunsindidszeznavianusilylunisenaisy vsedusiananluningIum
Pinszhalnnlvannlanasnluduuian i oaaoaenLse U NN I UNLIIUTN LA

wansUuaILIIWT

A1TTHLIAIMUIU —> T WIUBANATOUIITLUNINTINADAUIN —> LARLDNBLIEUIN
DITTYLIATUIUY —> LAMBNTLININ —> AINWLAIUA 1N

v
i =

13EEENAEU > LAADNBLIYUDY —> ATNLAINA UDY

43U am MliAIUANIEEsaM BlaNATeITEI N Iaen UsinaSdentuay

v % a 2 (% é}
AIUR ”’U’eNﬂWWiQﬁL’Jﬁ’]LﬂUiT‘\]QFJL?N‘Uilﬂmﬂﬂu

VLAY UADINN —> NWLAIIUA WNUIUFD N

ANNAIAIATNTN —> NINIAINUA BAAIATINL

(4 =

2.4.3 A1ANANNANSEINEn Kilovoltage Peak (kVp)

Y 9

=

! ! [ ¢ a % ! a a ¥ ym‘ % ¥
AAUR1IAnegangantelunisisteyniadianasauainlavase Tundsluda

q

~ 2

faamuemasaensistiflendniidonainszmnmanidiongusmasnioneis laTn
nsaafiuranruauatesarfedionailaayluduiiloidsaful Heterogeneous) tu
MeAIIITG Sedenafiindeeuiiunnastumatean wuseen T 70 kVp Sdongiilne
fian kv Tuwa 0 fla 70 uazazdianadeoydl 50 kv lasUszaas kv Wuiin vuaUiinased
voonmLe wagdaduin wusaunmuesiidientade uas kv uenise Wamganralwes
8 $efont vemuudusmonenusendsnumariung kvp naua faduazariuivm
Ya9LDNBIINSLRNAT KVp gedu mluanuiuvesfdienaiiiudu inszla¥edionsiid
warugaduanlvgd kvp qqﬂ';'wﬂﬁ;ﬂizﬁm%mmmamﬁm%’qﬁLaﬂ%ﬁqaﬂ’h fufolauiunn
Sdonginnnan (wsediarwsewdnduuesnit v WdlnasoulanUassnduuionds

wngtselaundu) ey kvp tiotldsuniaiamiun 1aInIn ADUNTIANVOININIE
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Wasuwlashunie tngunfnnnean1silasuhladnldnue 1890 Asn1siUasun mAs
Ana1mszlufinananisiddeunlas ABUNTI@NVBININ A28 LUAT KVp Fadordudade

119004 YT NIANANTTNY D 1MUNDNITATUANAIINA VBININNTIE

2.4.4 52892n14 (Distance)

ITYLNNIIN Target %aﬂwaamL@ﬂ%Liéﬁﬂﬁﬁumw SID (Source to Image Distance)
Aoszoznuman WalUishsunm mnedssresnisanuran MWavesensss (Wdad
Uanvawaen) lUdnalniduisunmienaise

ﬂaaagﬁuﬁmﬂ%m&ﬂuiaﬁmia%ﬂqmmwuﬁ%maaasﬁmw%wma YU LAZD1ONTLSE
Aoufawmes (Computed Tomography) LLazm’%aqa%maanIaIiaiﬂﬂ (Digital Fluoroscope)
Falas¥unm iluluRauenwse FFD (Focal Spot to Film Distance) Alaszaznaanivdas

Yanvaanaantaneiseludeiay

Ul 2.3 szegmaunasn WialuFeiaiunm
N4 N8 9HBIN NN (inverse square Lavv)ujun{]wqaﬂﬁﬂéﬁiﬁga‘ﬁmEmﬁm?{mmm
ALY ededluanteduiinilesrorniesennunasn e fed femunuedringed
(detecton WWasulU (Inverse square law) namAILYe S LSRR UN Rededus
SPUENNIT AN WASETUFSUN WS Tnsed
11/12 =(D2)*/ D1y (2.2)
Toed 11 = mueuiin wnussem
12 = ArnIuin wudlu
D1 = S%8¥Naiin WAUIRIAY

D2 = SY8LNNM WAWILAL
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gadanm : mmsSididudnaiunduiussosnenn SeaeanudLTLS TN
STYLTNNUALAIUA VDININSIE

01 SID anas —> AR e mSsdiy Tu (devadenanaiadunai)

01 SID WiNTU —> AuA vesnmFiFanas (Hedatenamedinsunaiy)

01 SID ANAIATINTI—> AILIWLYBITELALAIMA VOINMATLRNTY

01 SID MILYUADINT —> AUINVDITIALAZAIIUA VDINNILANRIN T LU

2.5 6 VaIRINDALATIENYLIIABUNILADS (Digital Radiography)

walulafienaisonaneanasiontsenauiiamosdnniiamaluladiiandua wiu
wmeasiuTlununafinly nsanen e Sidvelonwses Wunen1sitadelsemes
LN s?f’amﬁaﬂ'ﬁzﬁammaﬂmiﬁﬂﬂiﬁ%ﬁLaﬂmﬁésimé]’as;ﬂ'gaiﬂé’uwiuﬂéuugag’m
Aaudielmuwelaitedelse Jagoulafimaluladlnlaenisszgnalynunonfiunes
sufuRURmAMesWUURARea (Digital Detector) Wlpasisnmlnogssiniluiuiinaneda
Fevrvanatlunsnsrauazseena seszuuillumoeiiunusuninuuy imaging plate ua
senuuulnil Sensor 3e Detector tuunuvalug (38721 Flat Panel Detector wnuan
Suflauias ewru Detector maniilolasudidasudamdsnusdlududyanalvinilnens
MnthazadanaliuetesUsznanan lanmesnuiuiineluiailuiiui Tne
lunesilgUnsniouueya (Reader) LUy CREasvuuEidussuuluuatan (3un21 Direct
Digital Radiography (DDR) U3 U uile ul% Detectori38na1 a-Se TFT n%e amorphous
Selenium Thin Film Transistors. uaﬂmﬂﬁuga §ei8nszuud 13821 Indirect Digital
Radiography (IDR) Faarly detector ilfEouassan Cesium lodide (CsITY) Aend
anlneveBe wslviindlluns$used nehaneutu TFT dolnsudiddu Csl azdosuas
Fu wazdl Photodiode ABESUAILLYLLAITIANIINAI5IS0UAIVOINEN Csl 9Nt
Photodiode avasdnanailnnilSmeufmesiioUssinananmesly @1em3u Detector
2A%09 DR 7194 UU DDR W IDR 98Us¥naums ey sensor 1in¢ wWuiawsy Sonuaas

901 Pixel Feagfivwadnunyszana 50-300 luaseu
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sUM 2.4 \A39eNTLIIUUU Direct Digital Radiography (DDR) a%ly a-Se TFT 1 detector

2.6 VEANNS5LONYLTININENE

nalstiinannsUaseSidens (L’e]ﬂeﬁlﬁﬁj) Adudsduamanlnlvindnuenady
10 - 0.01 Wluuns asﬂuémmmﬁ 30-30,000 PHz (10'° Hz) 9anviaena3asonaise e
yiaeifiolninnmuesse fnefiumuiiaudesesiufdiauianme Towaatenisanenmme
flau Tnsalaisedenguullaeniiegiani aetorzlndidienaruldla e fosiidm

130M 1

UM 2.5 SYUUDNNLHUTAY (screen—film (SF) system)
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2.6.1 Fuiiaiawmas (Scintillator)

’E’ammLLG{‘T&w‘%asuaqmmﬁamwsaﬁamméjwmwmgmLLmﬁﬁaaTuﬂhmmﬁguﬂ
Bonnn Fufialatu (scintillation) lutagiiuszuudinea (Digital) nlsenlunisaieSeduas
sruuaenmisdiinoalaununuiissutezuaen (Analog) kutRuALMIasEULIRN TN
wHuRau (screen—film (SF) system)IuﬁaqaﬂmwmawﬁMumlﬁﬁmnﬂﬁauﬁmmn
anmunaeuszuvtanmusuiaulUduanmwanaeuAinealafiiunseuiunsiidusouy
wiedvadonmadaifsaiunisaten m ﬂ’liU%M’liﬁﬂﬂ’li“UU’lﬂEﬂéI:ﬂ’Jﬂ Aaunmlunng

'
v =

I8 F99198mNaNNTTUIUNITL NMRUASUNUNTEUUR A LRUNaY (SF) TUiduRinea

fuvunndedfannsolndugdaonaasiaiu 40-103% eifisufussuussuuaeam
wuan nAluladfinosanunarlvuinaddsugUisfisduiosmnauntesada
wifinisus (dynamic range) ﬁLﬂuUssIstaﬂstwzhaiﬁﬂzumwsuaqmwﬁ%mﬁaLﬁauﬁ’mwu
o muruiay (SF) wuusaiu Saduauuanasiia fyeanaluladesuasnuaziames
izuuﬂmﬁaﬂﬂwﬁ?]maaﬁaflwﬁaivyfﬁﬁ%hﬁqw‘%aéwmﬂ‘ﬁ’uéamag{aéﬂwiuﬂ3ﬂén§a§qamﬂ

anunsan Wmlarunmuesgund weradumglmiinUsnasidneyUlelaglus wWu

2.6.2 NMsAEMN;sdnauiimes (Computed Radiography)
nsanenmAle$eaATnealDigital Radiography Detector) nalulagnisatsnmssd
ADNNIMEIVIBLATO O NTLTBADNNIND T (Computed Radiography (CR)) lasunisiaun

wazlau walulagfadnealuuiuilynsiaitadelurdnnwa?

2.6.3 1394144 (scanning laser stimulated luminescence (SLSL))

nsanlasusnyd (mAes Yssnadyy) wazu alglunainlugedumuyesd
1980 mouTluYNAMAITTET 1980 izw%’mLﬁu%aaga@;jwam‘%aqLLmV\Iaang% (storage
phosphor system) Gvazduansidosuassiniortusvaslunasntenmuasngiay  lng
354 lananeduizlvendwlundinlunise tenmSdmuunilamenisiuiinids Tazaun
THMAZ0 LA TMVLNAFE 6?5&GTaamsr;ﬁézjyamﬁﬁ@mauﬁasuaao%ummﬂﬁﬂqqLLazsmeLwaﬂmﬁy’a
sufilafinnusuiia Fauazdanaslagnn Snvisddlnailunsamaseuumszuudaium 1
Tminauawlunisasuaelulyssuvansiiosuaanaisa (storage phosphor system)
wollsimeualaduiue wwnniulusesd 1990

Imaﬂwﬂ’w‘iﬁ%ﬂLaﬂmsgﬂauﬁfma% (Computed Radiography (CR)) 7i38n2152 U
ﬁ?ﬂﬂﬁW%ﬂﬁﬁﬁﬁ@ﬂLLaﬂWaaLWa%LﬁUGZT@;JUa (storage-phosphor radiography system (CR)) n

v Aaa

wandunuma fegglunisnienmssdnanea (digital projection radiography)
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A5197 2.1 LERNTNRABINTAALNLMALLLAE A IN0aF AT MM WNASTE 1980 f9U 2009

{ wmaluladfdneadilosmula

n1sanennsedneuiames (Computed radiography/CR) Laza#atianigy

1980 . .
a156509  waanaaLes (phosphor)

1987 LHUN MOz IRATELTEY (Amorphous selenium (a-Se))

qﬂﬂiﬂj%W%QﬁULﬂa (Charge-coupled device (CCD)) @tnUn1uAINTIANIU
1990 .

103la8A T (slot-scan direct radiography (DR))

1994 ASuaN9aLTeN DR (Selenium drum DR)

AvNmesIeRuL Fuiiaawmesiilvaisevuesing dareu-Siduu lelelan
1995

(Amorphous silicon—-cesium iodide)
AwnmesIeuuL (flat-panel detecton Jufiaainesiilvasunladifion
1997
(Gadolinium-based)

AVINPDITIOLULLUUNAN (portable flat-panel detector) Fufiaiawmesi

2001 v ~
Twasunladiilen (Gadolinium-based)
Awnwmestenuwedinlaunin (Dynamic flat-panel detector)) flaunm
2001 Aanaa (digital subtraction angiography) Imammsaaumwai’mzﬁm
sonlUmdaanzaiufineInis

2006 LA30UONTLILATULAY TZUUAINEANTN 3 TR (Digital tomosynthesis)
2009 DR winlsae (Wireless DR) visafmninasauuu (flat-panel detector))

e wnladidleu (Gadolinium-based) fauduasnanianunsadaluydeialy
T NNAIAD UNTIER (Contrast) YBININA1859E LTU N1AAATAUN NaoALAoALND U
ANN90ATINULENTLTIADUNILNDTLAZLEUDTLE (Magnetic resonance imaging (MRI)) 91l

AT LIV
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[

JUN 2.6 wnunmiUSeuifigunisinuusssinnveanalulagnisangnmid@ainea

(digital radiography)

e a1sUszneuwuBeamglstuslun (Barium fluorobromide (BaFBn) 1 iniin
N5 T 1UAY glatile (Europium (Eu2+)) v UiRerazaren taviouaaifeuuaziol
lwwsluenniafigumndl 150 — 180 °C Tuwsnansd 1995 lafiuinnssuiia Royfegun said
WNRoTHLEEY (Flat-panel detector) Tafumsiailutunsnmduuuuysannssu iy
qﬂﬂiajifaﬁ%mm (radiology equipment) w3y 9 ﬁlﬁﬁqﬂmaﬂﬁmﬂma%ﬁuﬁﬂlﬁyimmi
(nonintegrated detector) uazanusaneilanawuumaluladlvaevielsaessuunanes
wuseeniduaeslseanes19ningg Ao szuvaienmiadneufiames (computed
radiography) LazszUUaIENWSERInea (digital radiography) Taenssauuspmnmesith
é’uﬁuéﬁumzmumsmﬁﬂuwa‘”ﬂaml,aﬂezjLssﬁmﬂuﬂszﬁ;iww”w fio M mERInea
1A n 39 (direct digital radiography) Larn13a18 AN SE IR0 an 190au (indirect digital
radiography) 57173 CR n58U7un15Uasundasundenauiiosdu (conversion) wag
AniaNTAYBIUNTURMNLADS (detector properties) uaﬂmﬂﬁ%mmmﬁwmwgﬁ in
duq Aensa wuneunNNguesgUnsimnwesAIneanelugunsnifedine  Tu
ﬂsajﬁmmaa%’ml,ﬂﬂLﬂuﬁmmm@%&ﬁﬁmyjmmi (integrated detector) LLa%ﬁﬂhjyjim’lmi
(nonintegrated detector) LUIN1TIARUIUTZLANTID 1 HE AU UANA 1 IVE NTEAINTTTUL
waliladfineafiisivestunimmnaiuiensiss (1neise detection) WA¥NTEUILNITO Y
18 18 (readout process)ﬁl TUTEUUT0IT ( Computed Radiography (CR)) Usgnau e
VaenenLse (LONTLS8 tube) WHUATH (Imaging plate) ﬁiﬁwiuﬂaaLW@%Lﬁugﬂﬁmzéjuﬁw

L& (PSP : Photostimulable Storage Phosphor) L3OO TULHUATN (Imaging plate Reader

%39 CR Reader) hazaaulwa (Console) CR 1USZUUNITNEAMLDNTLIULUUATNOATN b
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WHUANETNTU %’mﬁ’u%@yja MBEsSeud aaaas (storage-phosphor image plate)
N wniSundenaisoununsleflanualFeununin (Image Plate) Sldaunululanamn
ﬁ%maaéﬁqLﬂuﬂszmummaﬂ@hqmﬂéuaqLﬂ%f'aqa'm%a;damw waztuiinawliluneufinmes
Mewanma FanuefanszuIunIsnou ’EJ%LG] a%mwgam (indirect conversion process)
walilad DR Wasuidienadulszqlurilasitenlalnensumenslyomseniudanes
fasun (thin-fitm transistor (TFT)) Imlaié]/aqgwﬂa‘uLLasﬁuﬁﬂ‘vﬁaLLUaQLﬂmTauua MM Ba

AENIZUIUNITVRIABURNAD ST UN AN oA laluriui

A15199 2.2 @IUUsENaUANAIUYRIAMNINDIAINea (digital detector)

asedl 2.2 wananukanassEmaluladAmnine ST vestuesalszne
auUssnnuesnUNIUAWNImesATNea peAUsENaUTUNW (capture element) a3AUsENDU
FUUA < (coupling element) LareIAUTTNOUDIUAIYITT ( charge readout element)
walwlad CRlnszuIunIsAewIBsIABsMea ey (indirect conversion process) Tnela
wadaenessdetuneu fe Sunmiidientlametednaisanloaines (storage-phosphor
screen (SPS) 19U @13L389uas BaFBr: EU2+) wazansulnlafmnimes (photodetecton
Junasiivaesoenuminanaisaeaes (SPS) uazwasunasSosmindunmadneany
fmglagnasuasnaaty Amnwes DR awnsolevianssuiun1smensmionsoouam fu
nawdsufidienslmdulszlivhssuuaouneanesine nsooulunaiinaesiunouly ns
rounenaes Invlydufialames (scintillaton) wu Sidusilelelan (cesium iodide (Cs)) 7i
Wasufedienalmdusasinoasiilaludunsn uardaudeuasilmduseglrinilud uneud
a01 Insordensolnlalalondanoussuewa (amorphous silicon photodiode array) sl
wilnaneduneuian1sain At sule neLsELarn 1S URMALe SR Anea  unvelaiUiey

nanpvelloLfisuiuszuUIAMLNURAY (SF) §95900992911n21998lawndin (dynamic
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a v v Ao ' ¥ <
range) NsUsEINaNasUNawWsaUUlA AuAmMYeesUNfnI MsangnmlasgnIaTilay

s nlaanszesinielna

2.7 mstengisdaauiatmas (Computed Radiography)
nseenmEdaeufiames (Computed Radiography)I%LMﬂIuIaﬁﬁ%maaiﬁiyLﬂuﬂ%’jq
wsn tnemellad CRende  aneisavloawles (storage-phosphor screen (SPS)) warluau
lefiusnlundinlaoyilurasaud 1980 meluladiarlsfmnmesiinsznunmunae
& (photostimulable detector) Farunuiimadslussuusenmunuiiay (SF cassette)
ImmaLq’?mﬁﬁmmmmmgmuazﬁmmﬁumwmnawﬁaumﬂamﬂa% (storage-phosphor
plate) nuiefusidegnielua wiunsaenmisdmuunidsiuislunonddswaiesn 1
Twwh naemenastLaskiliengonsssrunlnarselnzinassuuienaiss saunallad
CR Haawelnin$idineda (radiographen lnnmane$idludnuasiesfuiuszuusenn

LHUNAY (SF) hUUAILAN

SUN 2.7 Msfunasvesanaisanaanes (storage-phosphor screens (SPS)) wae N151309UAS

NNINTZHUMILLEI (photostimulated luminescence (PSL)

271 ﬂmw,mﬂsifmﬁa'?%a%ﬁqgﬂﬁLﬁumw%"'mmz (latent image)
BN1sUSELIANAN N lsaLf‘w‘yasanﬂﬂifmmWGﬁu'uﬁug’]u CR fanutunousisil

2.7.1.1. Lﬂm%fULLméjaamuLﬁU%aga (Image Plate) #in 31uAasun uflas
mswanunsalefuSidonavieSedununiuaifi nduslee Ansna wiu 1000 A

2.17.1.2. @WUGUEJLIUGLLa’JﬁWiﬂiﬂﬁ\W@yjavLﬂ WARINATINUIIDADUNUADT I UV

91 MISALNULA
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2.7.1.3. @W1908UTOYANINODNIINUNLAUTDYA (Image Plate) wae

ANUS0LONYLTEHB b b U

2.7.2 MmEGnd (radiography cassette)

areluazilununin (image plate (IP) n3aiioninaneisaneainas (storage-
phosphor screen (SPS)) fiusyneunetuiinvewan ﬂizﬁuﬁ%mm (photostimulable)
dolsanlnsedenquuesasiouas BaFxEU2+ lam X anwnsafearsiiannnidenly
Jugilaiau (halogens) Aaa3u (chlorine (CV) Tusilu (Bromine (Br) nieeraidonly
ArUNANTD TN 1AL dnassaroaes (SPS) ialuaunsariuamlvaidlalu
¥791981919 9819lsAnuanIALLIY EjaLaﬁﬁ’u (American Association ofPhysicists)lf;
swmu’hgﬂﬁLﬁ“uéjwwzchlﬁaé’zy,aymﬁtﬁuﬁﬂizmm 25% lusenang 10 wifwaz 8 Falus
mendsanlasuuas nanasSouamloansda (phosphor crystal) ;‘Tﬂawéaﬁimmui’a@w
FumeAsiluilaseas @uitaiames (scintillaton) adialuillaseass) Weanasaeaines
(sPS) la¥u LLaaLaﬂezjLséLLgaaz@oﬁuwa"aqwusuaq%fqﬁﬁLﬁmﬁuﬁulgLLamiw?u&é‘ﬂmauiﬁaﬁu
seAUndaanugs (Ul 27 abdidinaseudilaiunisnsznuimaniisansiinaseg issdundsa
flunuuouvosozmey wdwSsdonefigaduivllulananminvesanstewuauay Ui
m%ﬂ%za%a%ﬂﬁiuaaﬁuzwé’amuqqLLas&ﬁﬂmauméwﬁﬂizmaaéwamniuqﬂmzﬂﬁmﬂ
MesanLsINodLNes (storage-phosphor detector)Imwé’qmuﬁamgwaeﬁmmm
ﬂaméaEJaaﬂlggfm53&?145’;aJwé’muLLmﬁLﬁuﬁu%aQﬂawua'nﬂ?{uﬁmmzauimaﬂizmumﬁ
L'%aaLLaqmﬂmﬁﬂiwijuéjwLLaq (photostimulated luminescence (PSL)) & (gﬂ*ﬁ' 3)Ma9an

¥ (%

21U FIALONYUAIATINAINAIMUI @R BLIIN a3 (storage-phosphor screens (SPS)
1ASUNTALNUDUAIBLATIDIUCR WENANUIN Junsunassvodlsiialunisnienin CR

LﬂUﬂigU’Juﬂ']i@’]‘LlﬁGl@ﬁﬂﬂﬂ’]ﬁLﬂ@%‘U LLﬁQﬁLLNUﬂWW)

[
Y

g‘uﬁ 2.8 Fumoun1saLnuanaisIeaes (storage-phosphor screens (SPS))
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273 §uanawasdunsaunuukuntinealnlfafiyiaila (photostimulable
screen)

n 1dnesiielaiunian e umsuaaivo sumazlanUassTnnounasdnh (el
e sTuRMATIN (detective layer) YDINUAMN (image plate (IP)) lnSunsaunuLaayiinea
P8 TN NI AN g AALTaNzAT waaiAUlasdudasuaroonuly
sUresuasiiiaA e mAduiAmMlifiuanaeIne LaNaIes NINTEALATHUILNITV B
(photostimulated luminescence (PSL)) unalnlassuasdnindsdidnaiunsimmuienaiss
wazdaasedidnasouiilnfunisnszn ulvoglussdunduun o vauawesAImeNARY
awzamis ndamdaivhlanasslndudasy luuusiivassuateanuineaiiuem
ARULANATNIINATLALALD T %QHEB€Uﬂ§3UDUﬂWiL%aQLLﬁQ ( photostimulated
luminescence (PSL)) Insnadwslunistassuasdnioonuiludnaiumidiuenssoiy uas
nsUaseBifnaseuiilatumanssnulndudassuadineylussdundsnudin man

2.7.4 Wl@lalan (photodiode)

9 mnfinusuadiied uilluazds udual seglwilusueiuasnouies
mosezuraeniufinea (analog-to-digital) LUﬁauﬂwﬁgMﬁWLﬁumwﬁ%maaMyasha
danAaediu dunaugAnIBNITnIe G uiug1u CR Aeaudyy uiivawniooy lasd
SidnnsouvassUiinvoyfinsaglussdundiuiigmdsmndureunseuayaua fuuds
noslyunadn 1lakasduannuangaundrnuiiasaaiiolneluntlmnAnwdseuty
Sidnmseudn g‘dﬁi 4 uanstumeuleifavensaunuanalsaaLes (SPS)

A1SA18NINSIFAINDATLUUIDHUY

2.8 Digital radiography flat-panel system

Digital radiography flat-panel system wseunalnnise mﬁz]}aag ALUUYSUINIS
(integrated readout mechanism) Qﬂuwuﬂiﬁgiumawmiuﬁﬁuqﬂawaﬂ 1990 5¥UU LN UBHY
(Flat-panel system) é’qﬁgf‘ifﬂ ﬁ’uLﬁuﬁmmma%wﬂmia‘ﬁuﬁﬁumﬂmﬁ (large-area Loy
detector) Y30411154@ wo s finulinelenglse (1onwise-sensitive layer) WAy UV
Sudnnsetinafilyersse TFT Amnwesiviawessuiiaames (scintillator) uazlnlalnlon
TFT #lameuasiliSenaimnines TFT Asutiastuntsess (indirect-conversion TFT
detector) @ruponenaseiilyiawesvesilaneusames (photoconductor) Miimuilme
Laﬂ%LséLLaquniajLﬁwiz@ TFT (TFT charge collector) fidenfimnines TFT Aouios
Fulnenss TFT(direct-conversion TFT detector) nnsowdsiuevaoswadanau (a-Si) Faa

=~ o a

Toluensise TFT eduiindyanudidnnseling uaviallumisazduauivezuesinnadaiiou
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(Amorphous selenium (a-Se)) Taniilylun1siundanuiidienglunmnnesdyauninea

1nuass (direct digital detector)

2.8.1 laseadavasszuudiannsaiing

Lﬂucﬁumaumsémsﬁiagﬂamﬂ%@mﬁﬁaﬂ’iﬁzwémﬂ?@yjaLm'%ﬂsgﬁlﬁgmumsqﬁzT']mﬁ’u
svuvanaisIeames (storage phosphor system) fluftarulszneviin asowleaiisaunis
Tysungluimnnes Inenszuruniseruamisuadulegnssngaunndivaglnniswawun

aolulufmnmasoneisy AInaawuUBya vy (real-time)

'gﬂﬁ?‘i 2.9 Tassasnaunumanuuy (Flat-panel structure)

Tneunfvialuazinensise TFT (gﬂﬁ 2.9) lgasqjuuLLciu%'ULamaLL;a (substrate) #ane
fulwognuiugunsnoumdidnnsedinalasanshifiszdun Tanaze1ase il seqlian
(charge collector array) agﬁizﬁuqm'jw ﬁu’ﬁazﬁuagfﬁ'u%ﬁmaﬁmmma%ﬁmam 3 loivini
LﬁUUi%QIWWyW (charge collection electrode) W30aIUUITNOUANTIVTULA (light-sensing
element) f’fu%{]’mﬁﬁ%uuuqm 20 7989N1500NKU UL ABTUIANSTASALAL NS4 NN
A3nealasiuil Uszn3A1mn15m 11uv0958UU DR SUSEANSAIMUINAI1SEUY CR § 4]
Uszaniamlunisnauiosines 20-35% wazszuuaonInLuuilay (screen—film (SF)
system) & wiunsanenmSdfinsenivssansamlunisneunesines 25% svuulsane
DR 9auulns muneludwndvolud 2009 wioseniseszuy DR”L%mwﬁﬂﬁlaigimmﬁ
annsolssudiolnnmaneae fedlunweafeatuiu CR wdoneoneelsas DR tugn
Tasulnlyuaunuulsans (wireless LAN) @1SUN1580@1555 21979 nLA0 5DR 1WAy

Asnawmdu (Workstation)n 130180 misdunagaseiuazasatsveyaii evagiduizealny
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(Real time) 9nAaLEnA DR (DR cassette) lUFudsnaindu aadaaDR (DR cassette) il
susunmeIlkazaeiuuaselneluiesselnesesenesoidudasyiiavaie Sdly
anuiinnge "Lﬁ?agmﬂLLaséqdwiawg@:&amw%ﬁﬁiﬂé’aﬁzumﬁaﬁﬁmmmas{aw gy
Nufinsssvuunoune imesituiivurina ssuulaen ssnewre nesludaiion (selenium
(se)) iuanieiineusinines memaﬂmiﬁﬂmamﬁ’a@m%mmzﬂﬁ‘mwmm%ﬁuﬁﬁuﬁﬁq

AIUAZBYAGINN

Ul 2.10 97558 Y0 TLTARENALUNS (thinfilm transistor (TFT) array)

noufiseuuulniuiidiongtuasauaunilvilutuiawes@aiden andudelasy
3 naNenwsEuaIrATIBEnaseLasnauneluaweedadey (Se) Wnoufedianti
aaduliagnansidul szaluriuasfelu Ssdaluvindifuuseglaivin (chargecollecting
electrode) Tngnsaiiiasanavosauiulii ardszqlavindudaarutunmsiog was
nese ianstuagloneslufieniumnfeiai e wueaiaesiaidon (selenium

1% '

(Se) layen) Tagludnisunsnseanen 1y unin  @iuinuavesaleasdaion (Se) lag

=3

Ui%ﬁg‘lW'ﬁ’] (charge collector) %Qﬂmaﬂlﬂ‘ﬁﬁ’uﬁuﬂ%@ TFT (TFT charge collector) vz
Auusgglaiiliaunedinisouveys VssaliwfununsluaneisaniuiBines (storage
capacitor) Lw{azéh%i@;j%fwmmmaLLanﬁauﬁ%ﬂu@ﬁiﬁaaﬁmaamqm’mﬂﬂLszjaaém_]ﬂé’faq
wazaoanasiu Insluseninensetuaitul seqlalviiluaneisan1unfimes (storage

capacitor) vanuadlau Alynulaensdamesiudueuudless (Amplifier)
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sUN 2.11 amdanuunvesBuiiaiames (scintillaton Nluillasiass (¥18) uas Fuiiaiadl

v 1%

Tasiase (@a)svuuAeunesnesReaL-IuTivalngy

iz‘u‘uﬂauL’Ja%ma%m&&m—ﬁuﬁmmﬂmﬁ (Large-area indirect-conversion system)
Tyg\3uslelelan (cesium iodide (Csh) n3ounladiiousonddalnn (sadolinium oxisulphide
(Gd2025)) WiugUnsaifvnimesionsise (X ray detector) gUnsaiduiialawnos (scintillaton
wazasisesamearleslylufinnmesre unesmestneneesy (indirect conversion)
fuansolyanilasistutagidlassasi (structured) wislufilasaasa (Unstructured) (U
7l 2.11) sduiammesvialuilaseasa (Unstructure scintillator) n Anuasiimuailuly
i’aﬂlﬁﬁiﬂsaa%qﬁuéLﬁﬂﬂ'ﬁmzmaﬂ’miui’aﬂtﬂm UWUNINLAZIZANAIMAZLDYATDIN N
89 (spatial resolution) detuiteiawesvesiuiiaawes (scintillaton ln3ua wasdidions
uangadunazdsulnidunisdeuasiaooisamun (luorescent) dun dunauiiaosly
pusollalalenddneu (Si photodiode) iWasumaniulseglnivh Tnsfimnmesaoulias
mosn190eu (Indirect conversion detector) @5193ulagnisifinasasinlalalen (Si
photodiode) uazduiiaiaines (scintiuator)agjmwa%uquuaq TFT finaneusiis lnswa
wosvizetulvunuiitueiinousninesieneise (lwneise semiconductor) msgluqﬂﬂﬁajﬂau
neRneslaunse (direct-conversion device) uiinaslyuesimnmesuuseeniduled
913158 asiuAYsENaUFURFuniinIma (pixel) Larunaz uaIudsUsznaunelnla
Ialenuazainguuy TFT lua V%Uﬂigmuﬂ'ﬁémsdyayja numedufiammestasiaseiiniea
Ty (novel pixel-structured scintillation screen) Wgauﬁj‘uﬁummayﬂ 1AuUluASan 94
(nanocrystalline Gd203: Eu) @ M%fuﬁmﬂLmaémmaﬂmsgmmamﬁamaﬂwﬁaaqﬂﬁagwfu
am%ﬂuLﬁzjuma%éwmwLaﬂmisj‘mqéjamgwmmhqmazmmamﬁamamL%‘aaqﬂ(high
spatial resolution) T19iA B muﬁm%qahﬂﬁwmammdwﬁﬁ’ummaztﬁamamﬁsJa

gangafinigagennauusng sunrudauesnimallisaueunin

2.9 93UU Backscatter X-ray imaging

'
a

findnnim uffe n1sasguiilaiuannisasmuiidions (eneise) mudn ma1

¥
=

NyluATauenvl oA 1UUNG  WUAAININTNN VDG NLDNBLTY TIUD 1FIR adade g n
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lonaLINNIN Beimgiifinnumiiuy (Density) A9y 1wy A1suou sendiou lelasiau uas
Tulmsiau (6?5@Lﬁumﬁﬂ’izﬂawaﬁmqmﬁm) azéaﬁmmwmazﬁauﬂﬁuﬁwmLLLiu LANANAY
AT YDA BTy organic molecules LLangmﬂ']ﬁs;mUﬂmﬂ%mauﬁ:}ma%ﬁ%
n3wlan wgnienwiss i ingaesasdernamila uareguinalavessunie ssuuillonaily
N19ALNUTTLA 30 TUT AE NS UYRISaT 1.45 keV TiA1UE 1,000 -4,000 INLLFN
(GHz)

A2uszUU Millimeter-wave imaging tu azifunseusunsnaduiiamisavass
Aduingeenlunsznuiviinisves r;;gﬂLaﬂsszisTmﬂ ditade n1u Taglyanuismesded
(Beam power density) @8 6x10° mwW/cm2 finanud (Beam frequency) 24 30 InzidIn
(GH2) waglginailunisaunuifios 10 3unfl neanearadonlufeimds uaaswdunduun
DA77 360 93189519018 (LaWIgUT MM uar Tagrasasdedinnw du

1% ¥ '

WmNEAUANeTesiuAIUANeYlusEeElnaNATes Millimeter-wave imaging

UM 2.12 ylasasn Aegnaunulaeia3ad Millimeter-wave imaging machine

AUAVAMUATAIUUABANY JRARLHEI S¥UU Backscatter tussdionaiilydndasm
MUIWNIN HUNIMIEN PURTIRDT9Ne TR Sadlenuisy) niASedbackscatter
enoseNylasastasuliuslvsnamiuidngleeaslefuluaan 2 wiinnumas

SITUYIANAIMGS 30,000 W vaugiin 30U auszuy Millimeter-wave imaging k%

=

AAWINE LY AAWINg NS RNeWieulaiu 11y 10,000 aruvesSidnlylunisanudeyain

Insfnnilede aviunlagarsmunfunmsawniudailalad Sdnlafuannisnsivawnuiiuig

Lududunseneguan
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Amg1glaainszuuaduing (Millimeter-wave) @1un1mylaanszuu Sadiens

(Backscatter)
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t

Lﬂ‘%ENLEJﬂ“i]LiEjﬁIGZ}leW\TW’IUQ'JWMZUUﬂQbLgLﬂU 4 LLuu
® Conventional Lonwise Systems
® Automated LonLse Systems
e (CT. Laﬂmssj Systems

® (argo Lan%Lse Systems

2.10 Conventional X-Ray System
PONLUUNLNBRTIEaUDs W il Ju wazd swasde Nawseusaiulaa
F9AUNIADTVDLATES ENTLE LUmINza NSUNIATIRaaUIng stdaviseeandnuL Uy

dnluliflya niuaTIv@ouInguuUUNNTT LU NSBUNeNANT NTEAUNT Aurennm
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2.11 Automated X-Ray Systems

onuuulaianiza wiun ey ingdauuusaludfluneluladuuy Dual
Energy Detector ﬁﬂszﬁm%quqL,Lazﬂmmwsuaqmwﬁmﬁlﬁga NIUATIHDU IR UUNANN
WU nszlnenas nssuAune Auvewnmn nsznfe quenans uazaAvNeIINg AU
nsfasalufngururuialng wagosan1smemuILas .y natandnnine auudy

# TNWEINT @ WNUVUAIFUANEIWITA MBWWINUTEUY "Inline Screening System”

'3 ! v
[

WeliuaunndiwasUszansnm ludussansidinginesnmsasivdeuiius wuwn wu

auudu Wy

2.12 C.T. X-Ray Systems
fuszansamlunisnsirasusvilngeanaiuisansiaaeuseilnyiln Sheet
explosive figrnunnisnsraaoulaiuseuAuansuan LUy 3 HiEna (UL w uag 979)
mmim{am?’]ﬁ'mzuu "In line Screening System" Tuéau‘ﬁg@qmimmqﬂg@aLLaiusJ tunns
m’gaaauqaqmé’mwmﬂéi’mqﬁmi:;aaauﬂaﬂwmzGiyaqaﬁmmg_]ﬂéTaaLLﬁua A el

FIATLLAN

2.13 Cargo X-Ray Systems

PENLUUNLNONTIABUNADIAAUAWINLNEGY Y8 AABUNTULDT TuanIunvuas

¥

gy wu essdumaunivmngd vse Wusu Ivauvuilueinisa wiuasiadeu
LAZKUUIALARDUNIEAIMAZAINIYNENUIIN LONYLTE source 1N ATANDMERTNOT

mnqunladsawnsnluswedniaiuyans BaluALATIneNIneTaTaylustalng

' '
aa a a

wazgUuneniuazidunIny1Inaulia Mien31 Denim Tech Fadwnalulagam

Wi anuAtylueuiedeniguu sy ug dua wen winilea (size) vesyaula ndawn
N1IMTIY A amEAlzgnaveenlUaNTEUULENIINY TSA §9lATIN1SILYE BN 1MARD U
szuuludrawuduaoatonada (LAX) uaz auwdu 29y tov awd Tuiheesn 9399 wan

AGELRER Wusealadunisnnawnulaeese sl asdunismsitasdualuduians 399

ulagansiuunisnssludewuuwad wirsesdiaudoaulaeasdiilany welin g

q
[ ¥

seidn w3 dngneasde dus oy waamunilunsivningmaituegluniuvuslaiony
= [y d'yd = ¥ d' [ = QI [ ! d' ¥ '

willauiuiy e weilaunsivg Wendyaaliuasidenidslumegn 1 Anasiamils

Alugoupudni Al AuNIULA SoIaLNUA SILAIASILAN \HeAUFANNUTALIT

W7 wadluiiganawnuseanaLluianinuNAUMANIRIN NINWYS UsEn1e1k3313910

soanalusatiues aunuwaltaunudnilelunuensiwiadlulula uaiven Welcome home
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sUTl 2.14 wmnfinauesesreuimesluszerlnateuiunle sEUy Pacs

PACS: Picture Archiving and Communication System 5UUN15Y¥ALAULAaZTUES
%@;ﬂamwmqmmwmEjLLUUﬁ%maamwmqmmwwﬁugﬂ LuURIneaiinIafigniigniauay
gneosUsrAnsamuasnisuinmUislulsmeuaasaeseglunumiiifiausnasna
fiawelaluitugiaslanazasmesmuglufumugnaeseswanisitadovesunmomdeisy
Tuauaney lnmasdunisinvmesuwudagiunieasaeisnissnelasnisnda  waly
Jaqtulinnednmuauaunmlafidedefddvefiananlnfuogiane vafnnatamie
wiatemaedianunmanvaisa lasaiuniife Human Eror Taeanulvglameua

wnufumgnIsailinTusgiate fleeuYy

o Uszwuseminuiliosnnaeslyaiaiuuinluknuniensise
o ﬂamanmsw}ﬂmﬁmﬁmmaLfluﬂsw1

¢ pyananTItadeauuwnINsndulainw

amenaseiviuluamnsn uwarseltadenala esnmATAveINITn I8 AN
=y ‘a ~ a Yo oa aa ¥ ¥ ' R A g & ' <
w38 WRNsUdUiansafialannIud Fwaiuiadwed ReyiuddngUlensdusylsnny
A18N15U WAlulagMiuadeln u1yen1suInI santuna un 15U JURN U IR LAY

dxanlunim 1uazn Wmandninindesnuianainnieg launlegmaluladiiniiae

[
LY v Ly

PACS argwalulagnviuadieiniwasnuimuieiiumwam n1sinyn veyassgnUuiinasiu
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izwgmﬁﬁjmﬂaiiqwmma ?T@;\J,améwﬁ%gﬂLs?faaﬂsmﬁmzwmiﬁwmaéwqﬁuaqgm%33a
NSV MEeTBen7 RIS (Radiology Information Systern) sl edunmeteiin a1y
Wudw%agagﬂﬁﬂizaqé%w N9 Teds anusonandlalneduluagsaiimnisseiax
LenaLsEna1enT Tunouieziinlne Snludilae nsduius fuszning HIS (Hospital
Information System) RIS(Radiology Information System) &z PACS (Picture Archiving and
Communication System) Tngiafiouduszuuifsadulasleveyayrefidonan EPR
(Electronic Patient Record) %58 EMR (Electronic Medical Record) LFWNNEENTAN D3
31’3%5&1augaaﬂuuu‘lmai%aamwiﬁaé’amﬁﬁgﬂﬁﬂ51?1;1514%@%5'1 Softcopy {Jjazgamw
‘1/1mwméuazmaﬂﬁzﬂaumﬁ%fﬂmmmaa@ﬂizﬂaumuﬁﬁ’uﬁ memalladfinaruidu

naUsglesuazanegiunlie yuleagladunisuinisiiau nsufuRnissnviduld eens

v v '
o

gneesneausiulavaawme uwazn nlsineiuiaaiunsauinisisesnuy il ues e
PACS f\]%”d%U‘U?QQ@NJ‘I’IWﬂ’ﬁU‘%ﬂ’]iBﬂ‘U’JE’JLLﬁ%‘EJﬂi%ﬁUJJW]ig’mﬂWiU%ﬂ’lﬂﬂam\‘lli PACS
aa a ! a o 5 A P s
ATEUARUITNIT wazwuInlun A liuntsinnn I dundn sumiesesiie wne PACS
A1U1505IUTIUAIM NN ANEANIAT09E 07199 Tuguiuues DICOM saundu PACS
Environment 5¥UUAIMI50L38NAIN AU LA SuasrayanInwasaeyaytisludy
f wwantylunisidadenalae iy 90 ma NSUATNUAINNWAITENNE  lhavausnly
walulagvesrauiiine shun13n s¥ateve yan mlugeszuuiiey ue nukunFadinelas 1y
a ¢ =, v ' CR a wva .

ABNNINDITHUULATOV LTI AN UL UUNTEA9T2UUU]URNNS (Operating System)
meluuunnantnenssufioenwuuiitaiumunlunisuufnudstdu luunneves
uey o ¢ windle Tulssweuia wonlsemeauta ARlsaneIute ARdseme Nawse
wiiwwayavewslaniglunatiiesluiiund

PACS fluaiuusznouueiszuy PACS Ussnoulimsaiulszneuiianaunine LUl

=

o nmeldeuiulriesiiounevienSunin Acquisition anusasesiularaeiesile
A998NAMUINTFIU DICOM w30 non-DICOM fila unadu non-DICOM il
alaanei3es DICOM Gateway giusjﬂma%a;ﬂaﬁﬁszwm'i‘u'%mma sdnfiuan 1adl
AN (Storage, Workflow and Database Management)

o niseruflaniilyszuuasufinmesiuniseieidads (Diagnostic Workstation &
Review Workstation)

° miﬂszmaﬂdyaagamwaaﬂiﬂ5’&@@16{’1&6‘]51’18114 way ANBUNlTINgIUIEa (Image
Distribution System)

o msdsfismvayaasuuilan (Film Printer) ngzaty (Paper) vi3o ULTH (CD-ROM)

® MueunBiuTEULVBYAaNTAUNAlTINGIUIA (HIS / RIS Integration)



28
MINATINAMUITTINGEAIT 520U Full PACS %39 Enterprise PACS AUSYUULATOUY
PACS 1J13031nuY99n153nN 150 eLan MmNt 1sennelag PACS anunsaveewuuidunaln
a . PN Yo o ' U aa Aa v v a
Muuzau (Scalability) wagiduszuuiin 1ulnee19a9iasenang whunSad@ine il dned
nswnme Sadunne du Tuseduyusnms wae seAvveyineIvedlunislenmnianisinme
13RS Fee 1YY uNuNAaenTINNSEAN WNUNKUIEN 1IN LTunU LazsINEs
KU og uaNINUN SIF MM NI N TEUUVBINUINAWIAUNITN 1UVDS

lsangrunalaeganinzanasia n15re1enSAulanues PACS nede1dt SsUULATeu

Computer Networking system Lagn1sn seuu LAN \Juaua ey
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3.1 SumeumsAdumside
mifeiatuidunsinniisatunmemeiaddnunismede KVp a8 mAs
Tnsadanaminalasnsiuaunmaesingiary am asenaise laoyideladnymiaaw
ululaiteey m‘%'aqLaﬂszjLi&j‘mﬂmmwmémﬂ33&;ﬂG?Lﬁaisz}jmwaaumi’mqgamé’a 1n8nIs
BuAunsANEI9sM M1SMeaestuL LaninU sk Tuwdes ey ewmnla

M MIANWIMUYBYaalAIINTUNNYDIYedd TnuUNUUTWeuandawaMAmile wul1Ad
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guanAnviinloumniusesundladfgeian wavindlewisuiudnnummudadainig
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FunulauegateeeuN

sUM 3.1 vayaatan1siunuvesdnnuuiilalUsuiiguiuddagiu

Mnveyaadinsiunuvesifimuunieisuisufuddagiu wuafandag
duaffifinanistunugedn m1uaInI8TaMIATIUATEY ATEUATENET MUIBLALD VU
paa wu Tnelulfiniun sumneddudunndiaman 2w 304 af wasdlewFouiiey
U%mmmﬁwﬁ%’uqmaaﬂﬁa@ﬁu 9 U 3,486,333 1500 Tuveue IR0 9 WU 6,940,962

o 383 Wnanatee9uN WenNNnTEn MuRalaUisulaguiuun1sinasuuuas



30

¥ 1% '

Tuuuiisn  81nMBNISASIAAUYBILIMNTLANLINTY  LaelyN1TVUFILUUNDINTULA bazdl

ANSTOUD WSWAYINWANTY LAgUNASI N5 Ul LRI L ASIASI9VDITOUUARAEY FUAVIUD N

' ¥ v
v A

NRTUTURATIN UYL UL U TR DU N1EANEINABNITATINAUYBAIMUIN FIFN13

q

¥ ¥

fananuINIu luiese e Nyl unismanuy en Idsnatlunisenarnwdus e

11N MTBUNATINNWN KNI PIWARANNTIEATEANILNINTIIAUTDLIMITLULA
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A15199 3.1 LEAUIZANUTELANLAZITUIUVDIVDINAS

Aag1gnIUNUARTIEEIARY U
8101 (1dia) 3,486,333
lod (Alansw) b
Lalsdu (n3u) o
ey (fw) =
A Rlandu) 0.5
Taneuloelua (Aw) oo.c

[ =l a

nsadmfanamyIfoTeiunAnu wedonenesenenisme lilalroual sszgnaly
fonsanuingrosasdodinam Hesnniedenensisenumame iy asgnondnnisly
suidensiAneimansn msmnanunaFENUNUNIRTE. Fannsgiusanatiid
Afifieuazidenga i anaedyitadelsan e o fuuyes  wavinu wrdesensLse
warduslganuiueuifaiiuazsbdeatesas wuardamisalseulad wanisun
wesenustuilsautuinglagiu dudnnmmem mamasdmaia dWelnnmilady
Junmitdigunmnniigauasn musladunnesgiuanzvesingiugane Bone 7
Protocol” ﬁgﬁﬁﬂ'ﬁw nsAnvitennassmauiululafiasy wisaenaisonilsau nae
AunTIngmetasduuasy MsAnyMANIAN Protocol Yase ATl ouimiiuos 101
Tnennsman Protocol tmesm msAn®1Inan kvP (Kilo voltage Peak) thag mAs (milliam

peresecond)

3.1.1  1Aseadnanazesnusnauven3aaongisd WUURINDA

NANNITN IMUVOITZUULATDLONGLIILUUAINOD  LATDdONeLI xUanyidan nun
MavaenengLsunufnlvnuninbas Sd vl wuingin nasienseludunuiused
A 1 3.11 qu v a ‘d‘ v dd‘ !
38 Detector nasaniu Detector avlasuFidionaisanannsenulagansiuiidnegnielu
Detector IngasiuFadnnlyauludagiu 2 Ussinnde 1.CsL(Cst: T1) 2. GOS (Gd202S: Th)
deanssuSedamadudannsenulauar agn msulasdyanunmuuueuidenilasuln
Wudaaavnuuuadnea wdsantiuiazn nisusvananalugesniassnase welulanm
aa d' ¥ ' o v A ! ¥ ¥ o X "o
nunmanfigalaely undadendnfazamalunmesnuiateuazlaumsgutiuiues iy

N1IAIANNATAAIUYDIWLITY slmt,ﬁmt,ﬁﬂuaumﬁu
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1

2
3
a.
5
6
7

5UN 3.4 LARIQUNTUANIVDITFUULDNTLTY

[

. iaeaenelse (Tube X-Ray)
. YARTNNANUBNULSY (Generator X-Ray)
. YAAIUAULENTLIEY (Console X-Ray)

WHUSUSIE (Detector)

A ! [ Y 'y v oA .
. YALTOUNDAEUYIULBNTULIINULNUIUE (Interface Unit)
. aunsunseednaalsany (Access point)

. 9LLanIa (Monitor)
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UM 3.5 lassanauazednlsznouredasaaentseilyeudussuuiines

N9 TURLTFUULENLIE TuazgnAUANTAL AAIUAENTLSE (Console) Tun1sia
AUTNSsElasasn m19n vuaanszualiwazafineanis Taeasn msn MuaRL
KVP Lag mAs LLaza'm'ﬂiJé’qqma%wqwé’qmuwﬂmié (Generator X-Ray) 18 n11n154
nszudlnlusageasludmannionaiss N1 YuYeIviaeAleNwsE Az ReMaNN1S Thermionic
emission Aanaunlanasaioneiss seuasfdiaan souindudue wauuniuinala
vaamaneist ielvissiulnrunvaonionussuaiBiaanseuargnisdudiamuigelslusy
anfiduilave (42 Anode) fin 2nlansiifiavesnongen Siaansouarluruozmenmas
Tangidudm WAn¥dionsissasnuingiinsatansquauiuied (Detector) ntiusy
598 (Detector) azv 'ﬂmLLUauﬂué’agﬁpﬂulwwu%%w%ﬁumumﬁa%ﬂm M (Image Processing)

Lﬁ@LLﬁﬂx‘iNﬁa@ﬂ’cﬂMU’m@

3.1.2 N15NAABIANRLE1NN1SAIUIMNIRINISNAdaUR AN Ted LN A A
(Protocols)

Tagu mfilaum missentliiuiaSeaenetse 910 tuman Wiawaﬁiéjmﬂ A1 S-Value
sﬁaéﬂﬁlﬁiﬂmia@wﬁm 200 wnN MUARNATA (KVp waz mAs) wesiiuluasn dndivsuna

[y

Ssda nulunlunsenuiudsunmasnaluladygunmusey AiAedygnusunIuuunm

g7
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49 (High noise) unilan wuamataunAulyssnniivTinaddngafulunlunsemudy

Y

YY)

misunmaaluladgaunmunn (High signal-to-noise ratio) n Anlanmiamnma waz

feanunsnuiuaunmuesnmidlunendiladn  usvnufuaanniiuluam indudies
ndalrinazegmislrnuesgunsnianduatesunnd fwmnlefuuywoaen e
lp3utinnied WudumeiiaUsngnsfienan “dose creep” andaiidaudumsedidu
ASInaSEnunuSunmlasuTsllmuduius fuUsunased (exposure level ) alunns

0782 MLBRINKRAR SEUUATIA A EA U Lee Tluwalula Buar 35 nsUseiiiuam

1%
LY

] ' o oad a U a . . a o '
WANANAY 9NN NUAAIRBETIAUTUIUTIE (exposure indices ) vosUTIuTdluunay
U dl ! U o dgj
sEAUNLANANAUeeN UM
A" Exposure technique Migaiuld a1 S Value Nuanseanunvziduaduauiio 1

A" Exposure technique 719 1ulU A1 S Value Auanseanunaziduadaviias

MNN 3.6 NSINLEAIANAINUFUNUS S-Value



sUM 3.7 degamnasmidmatingaiulun nlaar S-value o 131 200

UM 3.8 freemndianFadmatian nulun nlaan S-value gen31 200

3.2 gunsaiitldlunsmmaes
gunsatlrluntmaaesdissdl
1.1 99NLUUYAT RO Body TLUATIAINLMLN T3,
1.2 g UANAAY O 0.7 1.2 WIW 200 A
1.3 1p3aaX-ray B918: Toshiba gu: KXO80S
1.4 DR. (Digital Radiography) Konica Aero DR
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lnegazdenvesianilasnea ee yIdelaeenuuumuuuulagAUNLIYeY

sogupdlgeuiililudagtu wasidulunueiunuiuinsgruvedansilondnlaseasng

I0UUR 19N.1999-2543 Liielulararuvzanzalwassidienaselnafesiunisloauass

WA

5UN 3.9 11meBNUUUYAT Aol Body 08U

zﬂﬁ 3.10 AMNYAY A Body $08URYUIUATIINAU 1UL.
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sun
Y

Ul 3.11 nmie3es X-Ray Toshiba XKO-80S

3.12 AMYUANAAY BDIVUIU 0.704. 2 WU 200 L‘ﬁ(ﬂ

3.13 n1w DR(Digital Radiography) Konica Aero DR
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3.3 YUADUNNINAABS
NABBIY FUNTTIEITUNIIY IMUTDIATENBNTLIE LAY 1IRIANSIEMATIALIA W

aSadinaialneluaunisael

guns7ilalunisassn wWamA1 KVp mAs

1 aun15ved KVp (11/12) = (KVpl/kvp2)? iudnarunniunsaiuansed

2 dUN15UBY MAS = mA X Sec

Tne mA =nszualrivi@aduend)
Sec= t3a1(3uM)

3 @un15ve4 Distance | 11 / 12 = (D22AD 1) Wudnaunniuiuassd

Tnefi 11 = pwuiin wsRany
12 = poniin wiuslag
D1 = SxeEnNiin WALRIPY
D2 = szazniedia sl
Fodunn - mmwudididudnaiunduiussoznieenn Feded
4 gunsdsuSsaenatse
E =Eni - Enf
W39 hf = Eni — Enf
dlo F=  wdwuvesSsdongianizsn
Eni = wdwuueadidnasauluialaasiiy £

Enf = wdsuesdidnnseuluslaasing

S.ammsmmé’uﬁuﬁizmwﬂﬁuuasaymﬂ

E=hv  E= % = 1.98625/\ aunsnl
%1 £ vineiduga A fmnoiduiuns
N Mswdasine Sianeunwardidamseiindloan (Lev=1.602x10"1°)
Elev)=12.396/ NA) aun1sv 2
F = ndruvessedunndnlaivii O)
h = AAsTiveendan 6.626x103 (J°s)
€ = AIEILES 2.997x10% (m/s)

a v o s
A = anuenedu (m) Sdena
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NARDIL MANNIIN TII0 A28 98 1onga M U1 8N N15AN W1 1A 598
a a ¥ ' ' dy a v A K ' v oa A v
watanuigaulaglvaunisinenuan1vedysuiusedhlugdvesadvivsuinsd

(exposure index; EN) laglaaunns

E .
El= 1oooxtog[[—]]+c aun1N 3
EO
44' 8 ' yoa A o
Wa  El ARAInyUUIUIaSed
E AeU3nauSednoumade wwanlasulunuieiiadsunny (mili-Roentgen; mR)
E, AOUSHUSIENB1LARN Lwamw1du 1 Jadsuniny
C fia mPNa niuAuaNYMEa T3 lneiaimunedneviaen 80 Alalan
FMAVBHUNTBITIEAILNL 0.5 Hadmuaneuns (millimeter of copper; mmcCu) way 1.0

Tadwns azgiiluy (millimeter of aluminum; mmAL agdannIiy 2,000

ax ' N a o ' a . a cs'
Bnmedeua winnAtedsUSinasidlunazinwa (pixel) vesuSufiaulavu

L3
(% o

' A o v a o aa v = ~N o U a
AMNAYNNTNEYIFUNUSAUUIUUTIEN Detector LLagUumﬂNaI@IEJNGUUG]@u@QU

UM 3.14 eaesdeSsduuuldu

lpgnsmagaunuINIsgnEeuwuY 19UlyAunALA 75 KVp 5 mAs lanmdaauign

lunisveaes dunnanan S value agluseg 200 - 600 @A mwdenn S value lueghunaum
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5UM 3.15 naaesdafaduuu2yu

Iﬂamammaauwudﬂﬂ’]wﬂﬁawwuZ%U’uslsgﬁﬁm@ﬂ 80 KVp 5 mAs igmwsﬁ'mﬁmﬁqm
Tunsnaaesdangainen S value ogluszning 200 - 600 auAfivdonns value Tuogly
v

NN MsegeuDetector NN M1STALM MI1IATIsdeUSnA Saely
software Auto PIA Lﬁammaaummgﬂgaqmaaéﬂﬁiﬁgﬂgmﬁqm Detector Dose indicator
fio NInsvEeUioUssiliaunanuuiue 1osA1 DD 13e Exposure Index 99nn158Lwk il
Ia¥u¥ed w0 USunau3ed Detector Air Kerma in wma1nan DD wananeanaU3unassed

Pialeasalusiy + 20%

v aa

Yupaun 1 1uNUIUTIE SID 150 cm 8939@7An 75 kVp 5 mAs ludl Filter uaiamuxa wieg
AN El Ay AuanwazReInudn 2 A3 Ma99NUUL A1 El 11NAREAY WaYA UIMYAUNAU

WuUSunau Receptor Dose agmaslumneiuiuni 20%

Yupaun 2 IUNUTUTIA SID 150 cm 8434d@iAn 80 kVp 5 mAs ludl Filter uaiamuna tleg)

(%

A El hazy Audnuwazifenudn 2 A1 1a991nNtuL A1 El 1MNAREAY LATA UIUYDUNAU

WuuSunad Receptor Dose agmadluneiiniuin 20%
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3.16 UADAlADZLNTULAAITUADUNITUIAT KVP Lag MAS
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uni 4

NaN15IYLaZNUSIgNE

v a a

Tuundt 3 lanandanimeass Iegluiesesarenmiad 8ve Toshiba Ju KXO 80S

1% v (%

Aunusenduduswnun vualnaesiueiun lnenisgngeulilunivuzlanen 9nwan
= = Yo o w ¢ > ¥ = I~
U 1y, Gafisuidsslaiu dadesasunuinsgiulyauaiunaseu luuniiazumamn

1 1dUD
4.1 MSMASEVALA

L51@10150AS I ZNATALAsAS N15TeA1 Bl TuN15AIU ITINANISNA ABIAS LU

=

a@mﬂuzaawﬁﬂﬂ Tnedunouusnaztdumaunisiton namia Ssdmade kVp ke mAs
P ' a oA g ag Yao = an A

\Weannnismimmaliafidauisan tana1eds gI3dedmetemunise winnngasnIneay
lanminaunmannian weauasaina wiulugiu Wlvame nansnimaaemuln
aun1siilelunsmendidmetia kvp wag mAs fagninuaglanmidinuninanian Aenis

A walaslyaEl Tnedaunisaanaluil

E
El= 1000Xlog[[—]]+C (4.1)
EO

1A89zU HUNTHINATILNUALNDNIAT KVp ey mAs Taen1sa win F9laa75 Kvp

5 mAs @ M3U 19U way 80 KVp 5 mAs @ %5u 2 U

4.2 HaMSYNaRINULASBILENTL5359lA8EUNARNAT S-value

AS-ValueAdsogluyie 200 nnn vuarwatia (kVp waz mAs) weeiiuluasn An

a oA v ' a PN [ S ' % yu ¥ ya 1%
HUsuasedn anulunlunsemududiSunmaswaluladygianmuss v Andedygyin

e

[

FUNIUUUA TGS (High noise) unilan vuamatiaunAuluasy Anivsunasdngaiulua

v v

Unsenuifushunmamaluladaananan (High signal-tonoise ratio) n Anlanwd
AN A wardsannsausunmnmuessnmisdlunendiladn  uavnusuaunniiluae
n InAuddomdanuliiuaregnislesuvesginsaanduates unad Genlufy
uywsarn Angaelasuuiinused Wutuneidaunngnisiizonan “dose creep” Adail

-'-:QIJOJ a v A ' a2 v aa "o yo.l = [ % ‘QJ 2 v a
?J?@Uiiﬂﬁ«!i\‘lﬁLﬂu@ﬂﬂiu’mﬁﬂﬁﬂLLN‘L!TUﬂWWVL@iU“NiJﬂ'J’]lIﬁﬂJWUﬁﬂUUﬁJ’mﬁ\‘]ﬁ (exposure
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level ) Mlylun1sangnmiiissnnynanssuvasanmaienediimesiunalulaguazisnis

[
Ly Y

UsztluA AN AN MuaARYtd InUSuNSeE (exposure indices ) 99U

(%
a

U al ' U d‘ ' U U
Sedlunmarseaunuanaeiueenlusadl

sUM 4.1 uanafian1sn wuaAn S-Value NANM199

A1 Exposure technique  7igufiuly A1 S Value Muanseanunagidunidiaviia 1
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A" Exposure technique 717 1ulU A1 S Value Ainansoanumaziduaduauiigs

UM 4.2 amuansdisssuuenaisefitylunimaassnisyneeululasuuu 19

lAgNIMAFRUNITBNTITENANNATATIANN 8NN SN TRl ulavsLuU 1T Uy
lyanalin$adn 75 KVp 5 mAs 3aglanmdaauigalunimeasslagdanalaanai S-
o ad

value 338gluy19381119 200 - 600 IunAwWATiaSsdau)9en e Svalue Tueglunam

d' = ] "o
Asngas Jm iunwludaiau

U 4.3 amuansdsszuuteniseilylunisnaasinisyneeululanziuu2duy



a5

a4 3dunismageunisnsraniengneeulunastlans 29y lngannaia 80

KVp 5 mAs 39aglanndaauiiantunismaasslagdwnnlaainei Svalue Feogluys

F¥NIN 200 - 600 @unAnnatasidduasn et S-value lueglunamimaizay Jam 1

Tmdiunmludaiau

4.3 M3N3ITUAMANURYDIIU Detector DnATelaelY software Auto PIA

TunnaeweuiiazidunimeaeuiiionauauUfnazysedniamuesukuDetector

Mansau navuileaug tavselulaegana1 Radiation dose veskNuDetector tiue &4

NANINAaBLUURINITT 4.1

M13197 4.1 LansdanismegsuliiegauauRLazUsedniamyewnuDetector

Field
Radiation calc.
Size | SCD | kV | mA | Time Measurement (MGy)
dose MGy
Cal.
MGy cm (ms.) | #1 #2 #3 #4 | atSID
14
1 x17 150 | 72 | 250 17 1502 | 1.492 | 1461 | 1468 | 1.043
inch
Large
4 Focal | 150 | 73 | 250 18 5893 | 5821 | 5711 | 5575 | 4.092
spot
No
10 150 | 74 | 250 19 1429 | 1486 | 14.77 | 1493 | 9924
Grid
12 150 | 75| 250 20 18.61 | 18.77 | 18.64 | 1892 | 12924
50 150 |76 | 250 | 21 | 69.71 | 70.03 | 70.11 | 70.18 | 48.410
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Compare mAs and El
¢ Linearity AeroDR Linear (Linearity AeroDR)
10000
y=71.289%-60.834
= 8000 R?=0.9999
<
S 6000
£
g
3 4000
=}
=3
w2000
0
0 20 40 60 m l@so 100 120 140
Compare DR Receptor dose and El
¢ Linearity AeroDR Linear (Linearity AeroDR)
9000
8000 y= 164.526x+12.732

= R*=1

L

x

[}

0 10 20 30 40 50 60
Receptor dose (uGy)

4500
4000 y=702.98In(x)+ 14027 ¢

Exposure Index (El)

R R NN W W

o u o u o u

o O O O O O

o O O o O o
°

e RE= 10,9716

g

4.4 wannanInege U AnwAMaNURLazUTEENSNMYDIWNY Detector

0
0.000 10.000 20.000 30.000 40.000 50.000 60.000

Receptor dose (uGy)
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MnuannIeaouLiopAuautfua zUsEAN5A MYBILKUDetectormIBN15AT U N
Tnely Software Auto PIA wureitlarusnasgiulunamiin wuslaensuineieansiom
DDI sfemmnuduiusuosuTinudsdigun suiudedviotuiinnm (EN) fuan Radiation
dosenasiiailnaidsanioiniu 1 3sava1unsoun Detectortiunduulynus 1a wagnns
pmeaeUiioystiiun e vosnUIundigUnsnisu Sdvdetuiinnm (Exposure

Index) Inen1591UkHY Detector 158 USueu598 Detector Air Kerma A wiuainan DD

FDINALANANINAYSUUSIERTAleSaluA Y £ 20% F99NNANISNAABIAIUAISINN

A1ALAINNAINUI A1USUIUSIENUNTUSUS NI TUNNAIN (E) 92T unua1USue

]

v ad

N5ERanNa(MAs) Na1IABLIEAT MAS JAWNNTUILY 1ANUSUIUSIETNaUNTUSUTIE NI D

]

Suinam (8) Sanfutuny deniluan Radiation dose Huifinduniuluaie 1as
Auduusre U A aunsafuSeduietuiinn m(ENuaz a1 Radiation dosetiudl
Snwazduaruduiuslugluvudaau G e DDl augauaRliaAwnIfy 1 @ammaen
mMsnnainesailen Wamnuduiusves El uagan Radiation dose fiaegil 0.9716 3

Inafgaiuanlugauafiie suainnisaads Usiusadllueniathues

4.4 d3UNaNINNaaY

LaAdeAsnamuandlmiuaunsay wseexX-Raynensunmesilyauiulun g
ATIVAUSUANAALALAZAWITOA UWIUNIAT KVD Lag mAs Asnzanlun1sionglse g Lanie

FUALDUNAHU

NN E .
2.iguladnaunig £l= 1000Xlog[[5]]+€ #1301350AUIUNIAT KVP kAT MAS
[GRRY

3.0 El vosunaziasodlumiiuiuey USenskanwn MuAvIavesn Bl nmeasily
nsanenmaeseibazsiamagiuananiu a1 Bl ddlududiuanula (relative speed
and sensitivity) ¥asgUnIuiunmszuUATnes sratunaulynunssdnyinewnnass lng

HANIINARDIATILNUIN

3.1 NAERUNUIINTYNTaUL UL 19ulyawatia 75 KVp 5 mAs lanmdaiau
Nantun1snnag d4nnanA1 S value aglusening 200 - 600 aruafiwmden S value Ly

aglunam
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3.2 Tagn1ImaaaunuN1sgngaukuy 19ulyarmatin 75KVp 5 mAs La

AMNTALRUAZALUNTNAGDY F1NAIINAT S

4 Unna¥iduasiivassoonudlodis utuuiinusidionsiintunandiiuisaos
Juraunseiia Tnsa1uuindedazgnazylaowis1fiines QR (Quantization Radiation)
fegarurvesmsiunasiiid uluna sxdimuduiusegluria: 200 / QR x 1 [mR]
x10715 <X <200 / QR x 1 [MR] x 10*25  ghegnawuan QR = 200 929 quantized i

10 §9 10 *%° mR %38 0.0316 94 316 MR

5. Wndwes QR duiusiumnuiivemuge / fauilmiiu (Gan Svalue) Aall
T R WudSunasedioneiiintudaslnaemny  REGIUS 1535 wagAunuIuuLaIves
fauiun (aglynim wwwinesiunasd) Wy 12 asglweuwanmilsey anlinau

YRAUAIAIUABIAARDUNALIVBILYNN NUABENTIAGIAL X = R = 200 / QR 0187
A8 QR = 200, R 11U 1 mR; 21911A28 QR = 400 R Ag 0.5 mR

laglyan S ieUsuUsunusidenaiiieluaifinigaietanelan mnddwaduvseduminiud
as WelvlaaSsdioneaseilylunsammnuruiuuyeskaduuTnunneanisgaan S dgn
n wualmd: S = QR x R/R' 1aefl R udunisfivwes QR

1% (% <

NN NAUTIREFLnaiuaTRnoluivesn S:
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Lecture 1: X-rays production and

properties
Contents
[1I__Introductionl 1
2 X-ray diffraction| 2
[3 X-ray radiation and exposure 4
4 X-ray production| 5
.1  Continuous X-rays| . . . . . . . . . . . v vt 6
.2 Characteristic X-rays| . . . . . . . . . . . ... ... ... ... 8
[> X-ray absorption| 11

1 Introduction

The course talks about 3 main characterisation techniques in detail

e XRD - X-ray diffraction. XRD is a technique for determining the
atomic and molecular structure of materials. It makes use of a photon
source

e TEM - Transmission Electron Microscopy In TEM a beam of electrons
is used to form an image of the specimen. The beam should be able to
pass through the material of interest so that sample preparation is an
important step in TEM. Typical samples should have thickness < 100
nm (1000 A).

e SEM - Scanning Electron Microscopy An SEM also uses a beam of
electrons to form the image. But the electrons used here are backscat-
tered or secondary electrons (unlike TEM which uses the transmitted
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electrons and hence the name). So the thickness requirement of TEM
is not there for SEM. The beam is scanned or rastered on the sample
and the image is formed.

All 3 techniques have a number of add-ons which greatly increase their ver-
satility.

In addition we will also consider a few spectroscopic techniques related to
the above techniques.

2 X-ray diffraction

The first technique we will focus on is XRD (X-ray diffraction). Other com-
mon name is X-ray crystallography.
X-rays were discovered by Wilhelm Rontgen in 1895. He received the No-
bel prize in Physics for this 1901 (the very first Nobel prize!!l). Rontgen
was working on investigating cathode rays (electron beam in an evacuated
tube called Crookes tube) and a fluorescent screen painted with Barium ac-
cidently left near the tube glowed green even though the tube was covered
with a black screen. He investigated this effect further and showed that the
radiation could pass through matter - including human skin and named these
mysterious rays X-rays.
We now know that X-rays are part of the Electromagnetic (EM) spectrum.
Visible radiation are also part of the EM spectrum but only occupy a tiny
range. The EM spectrum is shown in figure

Depending on the wavelength and hence energy the EM spectrum is divided
into different regions
The relation between the Energy (E) and wavelength (\)is given by

he
E= 5y (1)

where h is Planck’s constant (6.626 x 1073*.Js™1) and c is the velocity of light
(3 x 108ms™1)

Typically for X-rays, energy is given in units of eV or electron — Volt where
1eV=16x10"1J.

The different regions of the EM spectrum in order of increasing wavelength
(or decreasing energy) are tabulated in table [1]
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Figure 1: The electromagnetic spectrum, with the visible region expanded.

Table 1: EM spectrum

Radiation Wavelength Energy

Gamma rays >0.1A < 10% eV
X-rays 0.1—100 A 105 — 102 eV
UV-rays 10 — 400 nm 100 —5 eV
Visible 400 — 800 nm 5—2eV
Infra red 1—1000 um 1—10"3 eV
Microwaves 0.1 —10 cm
Radiowaves > 10 cm
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Figure 2: Symbol for radioactive and ionizing radiation

Table 2: Radiation dose

Source Exposure
Airport security screening > 0.25 uSv
Dental radiographs 5—10 pSv

Full body CT scan 10 — 30 mSv

3 X-ray radiation and exposure

Because of their high energy and short wavelength X-rays have a high pen-
etrative power. We can easily see that from Roengten’s experiments since
the X-rays were able to penetrate solid objects and cause fluorescence on
the screen. The penetrative power on X-rays through biological material is
essentially harmful because it can kill tissue. Localized high intensity beams
can cause burns, radiation sickness, and also genetic mutations.
Radiation is usually measured in units called Sievert (Sv). This is the SI
unit of equivalent radiation dose. This represents the the biological effect of
ionizing radiation - not restricted to X-rays. Other radiation can be y-rays,
neutrons. The international symbol for radiation is shown in figure [2|

Sievert (Sv) is the SI unit while the earlier used CGS unit was rem.
1 Sv = 0.01 rem. In practical terms, 1 Sv carries with it the 5.5% of
developing cancer. 1 Sv =1 J/kg equivalent energy absorbed per unit mass.
Typical radiation doses we encounter are measured in mSv (1072 Sv) or uSv
(107% Swv). Tt is also usual to talk about exposure per unit time - Sv/h (hour)
or Sv/a (year).
Recommended dose rate is 1 mSv/a. This is for a constant dose (including
medical doses). Some typical values of doses from common sources are given
in table 2

Compared to these common sources a table top analytical X-ray diffrac-
tometer - a commonly used instrument in a Metallurgy lab has a primary
beam exposure of tens of Sv/s. The scattered radiation near the sample is
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Figure 3: Dose chart for common exposures

tens of mSv/s. A typical X-ray unit operating at 45 kV and 30 mA has a
radiation dose of 1 Sv/min. For a synchrotron source, which are used to
deliver high intensity X-ray radiation, the dose rate can be as high as a few
kSv/s. Hence safety is of paramount importance when dealing with X-rays.
A radiation dose chart is shown in figure

4 X-ray production

How are X-rays produced? The simple answer is that X-rays are produced
when charged particles (typically electrons) are rapidly decelerated. There
are typically 2 sources of X-rays, used in Materials Characterisation.

1. X-ray tube - most commonly used for table top X-ray machines.

2. Synchrotron radiation - this is approximately 10° more intense than X-
ray tubes. Mainly used for thin film measurement, surface properties,
and X-ray spectroscopy from small volumes.

The schematic of the X-ray tube is shown in figure[dl The X-ray tube consists

5
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Figure 4: Schematic of the X-ray tube. Taken from Materials characterisa-
tion - Yang Leng.

of a cathode and anode. The cathode acts as the source of electrons which
are accelerated and strike the anode (for safety issues the anode is grounded
and the cathode is maintained at a high negative potential with respect to
the anode) which acts as the source for producing X-rays. Most of the energy
of the incoming electrons get converted to heat (X-ray production is a highly
inefficient process. Typically 1% of the electrons get converted to X-rays).
So cooling water is flowed through the anode for heat extraction. X-rays are
produced in all directions and come out of the tube through the Beryllium
window while the rest are blocked by the metal shielding.

The emission of X-rays depends on the energy of the electrons striking the
anode target, which in turn depends on the applied voltage. A plot of the
X-ray intensity vs. wavelength is shown for a Mo target in figure 5] Different
plots are obtained depending on the applied voltage. Below 25 kV the spec-
trum obtained is a continuous curve with a short wavelength limit (SWL)
rising to a gentle peak and then tapering off at the limit of large wavelength.
At 25 kV the continuous background has 2 sharp peaks superimposed on it.

4.1 Continuous X-rays

These are obtained when the accelerated electrons interact with the atoms
(electrons) in the target material. The incoming electrons transfer their en-
ergy to the X-rays that are then emitted from the sample. The maximum
energy (or the minimum wavelength) X-rays are produced when all the energy
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Figure 5: X-ray spectrum from Mo as a function of applied voltage. Taken
from Elements of X-ray diffraction - B.D. Cullity.

is transferred. This is the short wavelength limit (Agw ) of the continuous
X-rays. The wavelength is related to the applied voltage by the following
relation

he

ASWL
he
eVapp
1.24 x 10* .
a2 XU q

Vapp

Thus, as the applied voltage increases the SWL decreases. For a typical
applied voltage of 10 kV the SWL value is 1.24 A. The continuous X-rays
are also called Bremsstrahlung radiation, which is German for braking, since
the radiation are produced by deceleration of the incoming electrons hitting
the target anode. The intensity of the continuous X-rays (leon:) is directly
proportional to the area under the curve in figure 5. This intensity depends
on the following terms

eVapp =

(2)

Aswi =

Aswr =

Lo =Ai ZV™ (3)

83



MM3030: Materials characterisation

where A is a proportionality constant, i is the beam current, Z is the atomic
number, V' is the applied voltage, and m is an empirical constant (usually
has the value 2).

4.2 Characteristic X-rays

As seen in figure [5| above a certain voltage sharp lines are seen in the X-
ray spectrum. These sharp lines are typical of a given material and are
the characteristic X-rays. These are superimposed on the background of
the continuous X-rays which are always present and depend on the applied
voltage. As seen from figure [0 the characteristic lines are narrow and appear
at specific wavelengths that are independent of the applied voltage (above a
certain threshold). These lines are denoted by K, L, M followed by a Greek
symbol «, , 7. K lines have the shortest wavelength (highest energy). L
lines are longer than K. M is longer than L and so on. Within the K lines Ka
has a longer wavelength than KS. For some elements the Ka can be further
resolved into Kal and Ka?2.

To given an example of typical values, for a Mo target (seen in figures 77
and 77?)

K wavelength is 0.7 A
L wavelength is 5 A
M wavelength is 35 A

Similarly, for a Cu target K wavelength is 1.54 A while L wavelength is 13
A. For Mo, we can also resolve the K lines.

Kal wavelength is 0.709 A
Ka2 wavelength is 0.714 A

KB1 wavelength is 0.632 A

How do we understand the formation of X-rays? In Bremsstralung or contin-
wous radiation incoming electrons are deflected by the electrons in the target
material. The energy lost is converted to photons - specifically X-rays. In
characteristic X-raysthe incoming electrons have enough energy to create a
hole in the core shell by knocking off the electron. When this hole is filled
with electrons from the outer shell the difference in energy is given out as
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Figure 6: X-ray spectrum from Mo at 35 kV. Characteristic peaks are seen
superimposed on a continuous background. Taken from FElements of X-ray
diffraction - B.D. Cullity.
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Figure 7: Schematic of energy transitions in an atom. Taken from FElements
of X-ray diffraction - B.D. Cullity.

X-rays. A simple way to understand this is to use the 'planetary’ model for
the atoms where the electrons revolve around the nucleus in specific shells,
as shown in figure [7]

In figure [7] a hole is created in the K shell. When electrons from the L shell
fall into the K shell the X-rays that are generated are called K«. Similarly,
the K shell hole can be filled by electrons from the M shell and these are
called K. The energy of the X-ray radiation is equal to the energy differ-
ence between the 2 energy levels.

he
EX—ray - |EK - EL| - T (4)

It is straightforward to see that K X-rays have a higher energy (lower wave-
length) than K« X-rays since the energy difference between K and M is more
than K and L. We can do the calculations for Cu. The binding energy data
for the various levels of Cu are given in table

When a hole is created in the K shell (by incoming electrons from the
cathode) electrons from the L shell can fall into the K shell and the en-
ergy difference is emitted as characteristic X-rays. Selection rules for atomic
transitions prohibit any transition where Al # 4+1. These rules are called
Laporte rules after the French physicist Otto Laporte. Thus, transitions
from s - s, p - p, and d - s are not allowed, while transitions from p — s

10
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Table 3: Binding energy data for Cu

Energy level Atomic level Energy (eV)

K 1s 8979

L; 2s 1096.7
L[] 2])1/2 952.3
Lin 2Py, 032.7
M; 3s 122.5
My P12 77.3
M1 2p3)2 75.1

and d — p are allowed. Thus, the first transition for the Cu metal will be
from the 2p level to the 1s level. This is the K« line. Since there are two 2p
levels - 2p; /5 and 2p3 /o we get two linesK oy and Kas.

Kaq is from Lo ie. 2pip to 1s level. The energy of this transition is
the energy difference between the two levels and the value is 8026.7 eV. Us-
ing equation ?? the wavelength is 1.5448 A. Similarly, Kay is from L«
i.e. 2p3s to 1s level. The energy of this transition is 8046.3 eV and the
wavelength is 1.5411 A. Given the closeness of the two lines usually they are
denoted as Cu K« with wavelength 1.54 A. Similarly, we can define the other
characteristic lines.

The energies and the wavelength of the lines depend on the target material
and hence they are ’characteristic’ of the particular element. These lines
are very narrow since the core levels are very narrow (in energy) unlike the
valence levels. Changing the applied voltage (above the threshold voltage)
does not change the peak position. The intensities of these lines are much
higher than the continuous X-rays, which serve as the background. Charac-
teristic X-rays were discovered by Mosley and this is what is used for X-ray
diffraction.

5 X-ray absorption

So far we have looked at X-ray production in the X-ray tube. For conven-
tional X-ray sources in the lab this is the most common source of X-rays.
Synchrotron sources are used for high intensity X-rays and we will not deal
with synchrotron radiation in this course. Next, let us look the opposite pro-
cess of X-ray absorption. Since X-rays are EM waves the treatment is similar
to how visible radiation interacts with a solid. If we have a beam of intensity

11
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Figure 8: Schematic of linear absorption of light through a solid

I falling on sample the decrease in intensity is directly proportional to the
distance travelled. Schematically, this is shown in figure [§| and expressed
mathematically for a one dimensional case as

— 7 = pdz (5)

where p is called the linear absorption coefficient. The negative sign
arises because the intensity reduces with distance within the material. Solv-
ing this equation, using the boundary condition that when z = 01 = I, gives

—Inl = px+C
C = —lnlo
lni = —ux (6)
Iy

I = Iyexp(—pux)

The absorption coefficient here has units of m™!, which is why it is called
linear absorption coefficient. There is another number that is normally used
called mass absorption coefficient. This is defined as ‘—p‘, where p is the

density of the material. The unit for the mass absorption coefficient is ZL_:'

The mass absorption coefficient is constant for a material and does not de-
pend on the physical state. But it does depend on the wavelength of the
radiation used. A portion of the absorption spectrum for Nickel, around
the K absorption edge, is shown in figure [9] It is instructive to look at the

12
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Figure 9: Ni absorption spectrum vs. wavelength around the K absorption
edge

absorption energy with decreasing wavelength (increasing energy). With de-
creasing wavelength the absorption coefficient decreases until we reach the
K-edge, where the energy of the incoming radiation is sufficient to excite an
electron in the K-shell. This creates a sharp rise in the absorption coefficient,
seen in figure 7?7, and then the absorption coefficient decreases with decreas-
ing wavelength.

What is true for Nickel can be extended to other elements. The absorption
spectrum for gold as a function of photon energy is shown in figure [0} The
decreasing absorption with energy is clearly seen except when the photon en-
ergy matches the absorption edge and then there is a sharp rise. Typically,
the mass absorption coefficient can be written as a function of wavelength
(energy) and the atomic number (Z) as

1 33 73
— x N Z°(or)—= 7

This equation does not include the sharp rise at the absorption edge. Bases
on this X-rays with high energy have high penetrative power, since the ab-
sorption coefficient is lower. These x-rays are called hard x-rays. The other
category, x-rays with low energy, is called soft x-rays. This high penetrative
power for X-rays is the reason for having thick metal shielding around X-ray

13
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Figure 10: Au absorption spectrum vs. photon energy, on a log scale

equipment. Typical X-ray shielding equipment is made of lead. Lead is a
heavy element with (Z = 92) and hence it has an large absorption coefficient,
seen from equation |7l The sharp rise in absorption due to absorption of X-
rays by the K shell electron is called the K-edge. The K shell electron that
is released by absorbing the X-ray is called a photo electron. When a hole
(absence of electron) is created in the K shell electron from higher shells can
fall into it and the energy difference is given out as EM radiation (e.g. charac-
teristic X-rays). This process is called fluorescence. If the EM radiation that
is given out are X-rays then it is called z-ray fluorescence. Competing with
X-ray fluorescence is another process called Auger emission, where electrons
are released. Both, x-ray fluorescence and Auger emission provide chemi-
cal information of the material and are standard characterisation techniques,
and will be considered separately.

14
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Chapter 3 Image Processing  g»

3.2

3.2.1

Automatic Gradation Processing

Explanation of Automatic Gradation Processing

Automatic gradation processing is a method of image processing in which the optimum gradation processing
conditions are automatically determined for each separate image so that adjusting the gradation of the images in
accordance with those conditions results in stable output of images with density and contrast suitable for diagnosis.

Automatic gradation processing serves two purposes as follows.

Obtain a constantly stable and complete image output regardless of the subject's
physique and fluctuations in X-ray exposure dose

With earlier screen/film systems deviations from the proper exposure range (under exposure or over exposure) results
in images unusable for diagnosis (Figure3-1a).

By contrast, the response from the DR Detector possesses excellent linearity over a wide range of X-ray exposures.
Therefore, acquisition of image signals presents no issues even when there is some fluctuation in the arrived X-ray
dose at the detector, due to variation in subject’s physique or irradiation conditions (Figure3-1b).

However, in order to obtain good output images, it is necessary to compensate for the variations in the intensity of the
incident X-rays so as to ensure that appropriate density and contrast are maintained at all times. For this reason for
each image, the image data needs to be analyzed so that appropriate gradation processing conditions can be
determined.

Density

Over exposure [

I .

Correct exposure

1
Under exposure |_

|
|
o1 I_ _ | T Tlog (X-ray dose)

- +
Normal range

Figure3-1a Density characteristics of screen/film systems

Signal level /

| .
el

] — log (X-ray dose)

Normal range

Figure3-1b DR Detector signal characteristics
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The gradation characteristics of the image signal obtained from the AeroDR SYSTEM
photostimulable fluorescent detector need to be converted to the non-linear
characteristics of an X-ray image diagnostic system.

The image signal obtained by the DR Detector is proportional to the logarithmic value of the arrived X-ray dose as is
shown in Figure3-2a.

In film terminology this is y = 1 gradation characteristic and if this signal was to be output as is, it would result in an
image which would be difficult to use for diagnosis due to insufficient overall contrast. As a countermeasure, to
ensure sufficient contrast in the signal range important for diagnosis, the image signal is converted to the non-linear
gradation characteristics shown in Figure3-2b.

Signal value

log (X-ray dose)

Figure3-2a DR Detector signal characteristics

Output digital value

log (X-ray dose)

Figure3-2b DR Detector post-gradation processing characteristics
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3.2.2

LUT

The DR Detector's automatic gradation processing converts the image signal using a LUT (Look Up Table) whose
input and output signals have a relationship similar to that shown in Figure3-3.

As can be seen from the figure, the LUT has a characteristic curve resembling those of screen and film systems.

To allow appropriate automatic gradation processing to be performed for a wide variety of exam body parts and
physiques, DR Detector has been provided with Look Up Tables with various curve shapes.

4095

Output signal

0 Input signal 4095

Figure3-3 Example of DR Detector
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3.2.3 Algorithm for Automatic Gradation

Figure3-4 shows the automatic gradation processing flow in the DR Detector.

( smRrRT )

Y

Exposure field identification processing

A\ 4

Image orientation discrimination processing

\ 4
Determine region of interest (ROI)

\ 4
Normalization processing

(Determine the S and G values)

< LUT

\ 4
Gradation processing

A 4

C END D

Figure3-4 Flow diagram for automatic gradation processing

In the DR Detector, even after automatic gradation processing, the raw image data (image data prior to processing)
and the image processing parameters (normalization processing parameters and LUT parameters) are stored
separately, allowing processing to be performed any number of times under differing image processing parameters.
Furthermore, the raw image data, image processing parameters, and processed image data etc., can be flexibly output
to other environments.(Refer to "4.1.1 Online Output Function")
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Exposure Field Identification

Exposure field identification is the processing that extracts and defines the range of the exposure field from the entire
image data obtained by the DR Detector.

The purpose of exposure field identification is the prevention of negative effects on the setting of image processing
parameters for automatic gradation processing, due to signals that are outside the exposure field and that are
unneeded for diagnosis.

The basic concepts behind the DR Detector's methods of exposure field identification are indicated in Figure3-5.

Small dispersion Large dispersion Relatively large
value value dispersion value

,,,,,,,,, Exposure field

Number of candidate blocks

Exposure field edge

Figure3-5 Exposure field identification

(1) Divide the image into small blocks and compute a dispersion value for each block.

(2) Blocks containing the edges etc. of the exposure field will have large dispersion values.
Use this Characteristic to select blocks with large dispersions as candidate blocks.

(3) Find areas in which many candidate blocks form a straight line and take this to be an exposure field
boundary.
(4) Take the rectangular area surrounded by the exposure field boundaries as the exposure field.

The DR Detector chooses from among multiple exposure field identification algorithms according to the body part
set in the exposure parameter keys.

29



Chapter 3 Image Processing 97

Image Orientation Discrimination Processing

Image orientation discrimination processing determines the orientation of the body part in the image and rotates the
entire image as required by circumstances.

As an example, if the DR Detector is used in horizontal orientation as shown in Figure3-6b, the orientation of the
body within the read image will be horizontal. This will be automatically detected, and the image will be rotated.

Image rotation \

Figure3-6a Vertical exposure Figure3-6b Horizontal exposure

As aresult, images are displayed on the CS-7 console panel or external devices so that the parts nearer the head
appear at the top, allowing easy image confirmation and diagnosis.

Discrimination of subject orientation is performed by dividing the image into nine blocks as shown in Figure3-7 and
comparing the typical value for each of the shaded blocks determined by statistical methods.

L/ Exposure field

\
N\

Figure3-7 Blocks used for image orientation discrimination processing

* However, this processing is limited to the following body parts:
* Chest PA/AP
* LAT chest
* New born/PED chest and abdomen
* Abdomen PA/AP
* Pelvis PA/AP
* Both hip joints
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Setting the Region of Interest (ROI)

After identifying the exposure field range, the image data within the field is analyzed and the region of interest (ROI)
is identified.
To ensure that the region of interest (ROI) matches the body part to be observed, the DR Detector selects from among
different ROI identification algorithms according to the body part to be examined and patient physique.
For the types of ROI identification algorithms used by the DR Detector, refer to "Data ROI Setting Algorithm" at the
end of this chapter.

* Automatic extraction of a specific human anatomical structure.

» Selects a given area within the exposure field.

Setting Reference Signal Values

AeroDR SYSTEM analyzes the image data within the region of interest and determines one or two reference signal
values.

If a chest PA/AP image is taken as an example, the maximum signal value for the lung area (H reference value) and
the minimum signal value for the mediastinum area (L reference value) are selected as indices for densities in the
final image. This allows achievement of densities considered desirable for the body part concerned.

ROI

Determines reference signal values

<5

Frequency

-

=~
[ [ Signal value
L reference value H reference value

Figure3-8 Setting reference signal values (Example of Chest AP/PA)

The reference section "Data ROI Setting Algorithm" at the end of this chapter, shows for each ROI type, reference
signal values suitable for the body parts within the ROI.

These were found through statistical analysis.
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Normalization Processing

Normalization processing is used to correct for variations in incident X-ray dose due to variations in subject’s
physique or X-ray exposure conditions etc.

To ensure that the reference signal values determined by the "Setting Reference Signal Values" match the signal
values (SL, SH) determined previously, the image processing parameters (G value: contrast value, S value: density
correction) are determined (calculated) and are then used to process (normalize) the image data.

(1) 2-point processing

Normalization processing

A Read

L characteristic
Normalization

characteristic

Signal value

|

S. 'Gvalue ‘
St - - e — - I
|

|

AN

G value | /‘ S
A

4 hd Y
SH SL

Normalized data

I,

Log (X-ray dose)

>
o
C
[}
>
[on
[0
—
L

| -

1 1 o

. . Signal value
L reference value H reference value

Normalization of image data
>
[&]
C
[}
>
[on
[0
—
L

Signal value

Figure3-9 Setting Reference Signal Values (Example of Chest AP/PA)
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(2) 1-point processing

Normalization processing  characteristic

S value

<

Normalization data

[}
3 A
Normalization o Read
5 characteristi
(7]
|
|
S 7777;7,;7,;7,;7,;7‘ 1
G value ‘ ‘ |
——-——-F - - - i [
N R | ! !
G value S | I ‘
_ I, S ! || |
| ‘ ‘

SL ! I >
| | | Log (X-ray dose)
|
|

Frequency

VN

»

L reference value

Signal value

Normalization of image data

Frequency

<5

/
s Mo

.

SL

Signal value

Figure3-10 Configuring Reference Values for 1-point Processing

As shown in the top graph in Figure3-9, Figure3-10 changing the value of G (the slope of the normalization
characteristic) changes the range of the image data signal value which changes the contrast of the image. On the other
hand, changing the value of S (the y intercept of the normalization characteristic) increases or decreases the image

data signal value which changes the density of the image.
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G Value:

When the patient is X-rayed under particular exposure conditions, the G value indicates the contrast of the output
image obtained as the result of normalization processing. Also, this corresponds to the film y value required when
matching the reference signal value set in the ROI to the contrast specified by density DL and DH.

(@MEMO
The G value is given by the following equation for the characteristic curve.
4096 ¢ Density ,
D24
= +
D2-D1 D1=0.25+ Fog
~ LogE2-LogE1 | 02720+ Fog
95095 Fog=0.2
DA}
0Y Fogl
E1 E2 log (X-ray dose)
S Value:

When the patient is X-rayed under particular exposure conditions, the S value indicates the density of the output
image obtained as the result of normalization processing. Also, this corresponds to the film sensitivity required when
matching the reference signal value set in the ROI to the density specified by density DL and DH.

[T#®MEMO
The DR Detector correlates an arriving dose of ImR at the detector with a reference value of 200.

Furthermore, for images output to film after gradation processing, the system notes pixels with density expressed as
1.2, and sets the actual arriving dose detected by those pixels as D (mR).

S value is defined as the ratio of 1(mR) to this D(mR), multiplied by the reference value of 200.
S=200 x (1 (mR) /D (mR))

However, when the same subject is imaged using the same irradiation qualities, same positioning, and same exposure
parameter keys, if the mAs value is doubled then the S value will be roughly halved.
Since the S value after the scattered radiation correction is calculated from the image that the scattered radiation

correction is applied, it will be a larger value compared with the S value of the image before the scattered radiation
correction is performed.
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Gradation Processing

The image data that has been normalized according to the S and G values, is subjected to gradation processing based
on a pre-determined LUT so as to produce an image (output signal value) with the desired gradation.

A

o
T

™ Output signal value

=)

Input signal
{} value ﬁ

|
|
|
|
|
|
3
1
]

Frequency

=

Ll
Signal value

Figure3-11 Gradation processing using an LUT

As explained earlier in "3.2.2 LUT", the LUT has a characteristic curve that resembles that of screen/film systems so
the output image is compatible with the output images produced by existing screen/film systems.

Figure3-12 indicates the relationship between DR Detector gradation processing parameters and output
characteristics.

Output digital value
A Output characteristic after

gradation processing

Normalized data

4 1 .
4095 \\SH \SL | log (X-ray dose)

Normalization characteristic

T >

cC =

o © _—
n> V Read characteristics

Figure3-12 Gradation processing parameters and output characteristics
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3.2.4 Correcting Image Processing Parameters

The DR Detector has "image processing parameter edit" functions that allow the image processing parameters used
with previously exposed images to be edited.

If the wrong exam tag has been selected or if the desired result is not achieved in the following automatic gradation
processing or if you wish to apply a form of image processing that differs from the normal processing, you can freely
change the image processing without the need to repeat the exposure.

Image processing parameters can be edited by changing the previously mentioned image processing parameters (ROI
range, S value, G value, and applicable LUT) on the CS-7 console panel.

[G Value]
The value shows the contrast level, and the level increases as the G value increases. (The value represents the average
gamma concentration between 0.45 and 2.20.)
» Purpose of G value adjustment: Change the value to adjust contrast levels.
- For enhancing contrast: Increase the G value.
- For decreasing contrast: Decrease the G value

G=1.77 G=2.34 G=3.46

» Notes (when G value is increased)
- Latitude of image becomes narrower, and the low- and high-density areas may be darkened.

- Changes in density increase with small changes in the S value (density), resulting in possible fluctuation in
treatment.

- When radiation dosage is less, image granularity is noticeable.
» General G value (reference value)
- Chest AP/PA: 1.8 to 2.5
- LAT lumbar vertebra: 2.6 to 3.1 (LUM - 01, BONE - 05, LUM - 02)
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[S Value]
This value is equivalent to film sensitivity.

* Purpose of S value adjustment: Change the value to adjust final density.
- For increasing the final density: Increase the S value.

- For decreasing the final density: Decrease the S value.

5=183

Concept of Density Adjustment

S=287 S$=450

Contrast-changing treatment
(chest AP/PA, LAT lumber vertebra, etc)

Non contrast-changing treatment
(LAT lumbar vertebra, etc)

An image that exhibits greater contrast can be obtained as the
difference between the density L and the density H increases.

()

Lung area

é Example: Chest AP/PA
density H

Lung

area 3
density ( )
H

Al

/7
(1)

Lungarea | .
density L [ .

—
>
[o%
=
>
s}
-
©
>
=
[
=4
o}
(=]

Histogram of image data

Digital value

Because only the density changes and the contrast will not change,
basic LUT or G value should be changed in order to change the
contrast.

Example: LAT lumbar (5)

vertebra
Lumbar
vertebra (6)

density L'

A

‘Ki

@,

Lumbar
vertebra
density L

=
>
[o%
=
>
o
—
[
>
=
7]
c
o)
a

Histogram of image data

Digital value

(1) When the density H is reduced to H', the contrast of the output image decreases.
(2) Output characteristics after gradation processing (not the basic LUT)

(3) Output characteristics when the density L does not change, and the density H is reduced to H'. (The
higher density area of the image to output decreases and the contrast for the entire image decreases).

(4) The overall density will vary by changing the density L to L', but contrast remains at the same level.
(5) Output characteristics after changing the density to L'.
(6) Output characteristics at density L after gradation processing.

[T#@MEMO

G-value fixing processing: Processing to forcibly fix the G value of the finished image at the designated G value.
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3.3

3.3.1

3.3.2

Basics of Frequency Processing

Frequency processing includes frequency enhancement processing and equalization processing.
Here, typical techniques employed in F processing (frequency enhancement processing) and E processing
(equalization processing) will be explained.

Explanation of Frequency Enhancement Processing

Frequency enhancement processing is a form of image processing which modifies image spatial frequency
characteristics, so that structures of body parts are displayed more sharply.

Since the spatial frequency components of an actual X-ray image are composed of patterns of various frequency, we
can draw a graph in which spatial frequency is plotted along the horizontal axis, and signal strength (intensity) along
the vertical axis. Doing this will generally result in a graph as shown in Figure3-13.

Spatial Frequency:

Spatial frequency is an index that expresses the degree

of detail in a structure. For example if an image signal

value had a repetitive pattern that varied sinusoidally in

the form large — small — large — small...the spatial

frequency would be the number of such cycles repeated

within a length of one millimeter. This would be _

expressed in units of "¢c/mm" or "lp/mm". Spatial frequency (cycle/m;"n)

While a coarsely repetitive pattern has a low spatial

frequency, a fine pattern has a high frequency. Figure3-13 Example of X-ray image spatial frequency
characteristics

Intensity

Basics of Frequency Enhancement Processing

"Smoothing mask processing" is one simple and fast processing method for spatial frequency enhancement.
"Smoothing mask processing" applies the following computations to the image data.

S = Sorg + B(Sorg - Sus)

S : Frequency processed image signal

Sorg : Original image signal

Sus  : Smoothed image signal

B : Emphasis coefficient

First, a smoothed image signal (Sus) is derived from the original image to which one wishes to apply frequency
processing as follows.

(1) As shown in Figure3-14, a square mask with sides of length (2N + 1) is centered over the pixel to be

processed.
N N
N
Mask
3 red
N
\ Pixel to be processed

Figure3-14 Deriving a smoothed image
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(2) The average value of the pixels within the mask is calculated and assigned to the central pixel as its

smoothed image signal.
(3) Moving the mask one pixel at a time, step (2) is repeated for each pixel, so as to obtain the smoothed

image signal for all pixels in the image.

The smoothed image obtained as a result of the above processing has a blurred appearance compared to the original

image (Figure3-15a, Figure3-15b).

Next, for all pixels, the difference between the original image signal and the smoothed image signal, (Sorg - Sus) is
computed. The image obtained as a result of this computation is equivalent to an image created by extracting from the

original image, high frequency components of frequency higher than a certain value (Figure3-15c).

Finally (Sorg-Sus) multiplied by emphasis coefficient B, is added to the original image signal (Sorg). This produces
the frequency processed image (S) (Figure3-15d).

P
>

Original image
\ Sorg
o

N

Spatial frequencyr(cycle/mm)

Intensity

Figure3-15a

.
|

Smoothed image

Intensity

\Sﬁal frequencyr(cycle/mm)

Figure3-15b

High frequency components

Intensity

Sorg - Sus

X

Spatial frequency'(cycle/mm)

Figure3-15c

A Processed image

Intensity

Spatial frequency'(cycle/mm)

Figure3-15d
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Figure3-16a to Figure3-16d below show the stages of frequency processing using a simple step pattern as an

example.

[0
=
g A Original image
©
X
o
--=1-- --1P
>
Position
Figure3-16a
[0
3 A .
o Smoothed image
©
X
o
---1- -1p
Position

Figure3-16b

A High frequency components

v Pixel value

_________

\l V Position

Figure3-16¢

A Processed image

v Pixel value

>

\ / Position

Figure3-16d
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3.3.3

3.3.4

Explanation of Equalization Processing

During equalization processing, the dynamic range of an image signal based on a smooth image signal is reduced.
This allows an image with a wide dynamic range to be converted to one with a smaller dynamic range which is easier
to view.

In general, when an X-ray image is used for diagnosis, the image will contain an area of primary interest and an area
of secondary interest. For example in chest PA/AP images the lung is of primary interest and the mediastinum of
secondary interest. In this case, to display the lung area with good contrast the LUT needs to be set so that during
gradation processing the medium to high signal levels are given a steep gradient.

However, if this is done, the mediastinum area which gives rise to a low signal level, is at the base of the
characteristic curve (where the gradient is shallow) resulting in low contrast for this area.

In this way, for body parts with a wide dynamic range, it is difficult to ensure good contrast for both the area of
primary interest and the area of secondary interest; even the CS-7 console would be unable to resolve this problem if
it were to rely on gradation processing alone.

In this situation, equalization processing is used to bring the average density of the area of secondary interest close to
that of the area of primary interest. This is similar to the role of sensitivity compensation filters used in screen/ film
systems.

During equalization processing, compensation is applied to broad changes of the image signal based on the smoothed
image signal of the original image, so that depictions of fine signal changes (due to structures such as bone edges etc.)
within the secondary area of interest are preserved.

Basics of Equalization Processing

One method of equalization processing performs computations on the image per the following expressions.

S = Sorg + f (Sus)
f (Sus) = B(A - Sus)
However, B =B L (Sus <A)

BH (Sus > A)
S : Image signal after equalization processing
Sorg : Original image signal
Sus  : Smoothed image signal
BL,B H: Correction coefficients
A : Constant

If compensation is applied to all signal values below a particular signal value (intensity) as a boundary, constant A is
set equal to the boundary signal level, and BL is set equal to the correct value and BH to zero.

For this case, the relation between the correction signal (f) and the smoothed image signal (Sus) is shown in Figure3-
17.

fA

v

A Sus

Figure3-17 Correction signal example (BL > 0, H = 0)
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The following explains the principles of equalization processing using a chest PA/AP image as an example.

(1) A smoothed image (Sus) is derived from the original image (Sorg) using the same method used in

frequency processing.

(2) A correction function B (A - Sus) is sought.

Here, the aim is to compensate the mediastinum area signal without changing the appearance of the lung area, so
the correction function shown in Figure3-17 is applied. The value of constant A will be set, for example, to the
midpoint (50%) between the maximum value of the signal for the lung area and the minimum value of the signal
for the mediastinum area.

(3) Adding the correction signal (f) to the original image signal (Sorg), will produce an equalization-

processed image (S).
If the pixel values along a horizontal line through the image are graphed as shown in Figure3-18a, it will be seen

that in the frequency processed graph (Figure3-18c), the average density for the mediastinum area has been
increased so that it has been brought closer to the average density for the lung area, but that the local signal

changes for bone edges and blood vessels within the mediastinum area have been preserved. This is because only
low frequency components were used when the correction function was determined.

Pixel value

Pixel value

‘,

Figure3-18a

Original image

Sorg
>
Distance
Figure3-18b
A
Processed image
d 1
N - II \\I’ \
org
>
Distance

Figure3-18c
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3.4

3.4.1

3.4.2

Hybrid Processing

Explanation of Hybrid Processing

In the CS-7, hybrid processing (H processing), which expands on the technique of frequency processing (F
processing, E processing) that has been explained so far, is mainly used. This is a new frequency processing using
analysis performed on the multi-resolution space of the image. It includes [HF Processing] to adjust the sharpness of
the image, [HE Processing] to compress the dynamic range, and [HS Processing] to reduce the noise component.

Features of H processing

(1) Adjusting the sharpness depending on the parts and diagnostic purpose:
The conventional method only emphasizes the frequency that is most worthy of observation. But, H processing
makes sufficient intensification possible from low frequency to high frequency, the former is from the soft parts
or internal organs, and the latter is from bone trabeculae or blood capillaries.

(2) Enabling the diagnosis of the whole structure of the human body and lesion:
In the conventional method, overshooting or undershooting sometimes occurred in a high contrast area like
artificial bone. H processing thus improves the overshooting and undershooting found in the conventional method.

(3) Compeatibility of the image granularity control and intensification of human parts by frequency processing:
The conventional method slightly emphasizes the intensity in the low intensity zone in order to cope with the
degradation of image granularity due to frequency processing. But, H processing is compatible with granularity
control and frequency processing.

HF Processing

HF Processing Algorithm

Multiple images with reduced sharpness will be created from the original image. Next, they will be converted to
intensity-dependent low sharpness images depending on the intensity.

Then, each frequency component will be extracted by taking the difference of neighboring frequency bands.

The extracted subtracted image will be added to the original image obtaining the intensified image for HF Processing.

A
\V

Smoothed image Binomial Filter processing

Non-linear

transformation Smoothed image
dependent
on density

‘ HF Processed image

Smoothed image

Smoothed image

Density-dependent Density-dependent
low sharpness image low sharpness image

A
\a | e<—
Density-dependent
ves low sharpness image
A
Subtracted image

Resolution to the multiple resolution space
High —— — Low
frequency frequency

3

Subtracted image

Figure3-19 Algorithm of HF Processing
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HF Processing procedures

HF Parameters (Intensified Band) :

There are seven kinds of HF parameters from HF-STANDARD 1 to HF-STANDARD 7, and they are used according
to the size of the object to be emphasized.

Table3-1 HF TYPE and its applicable parts

HF TYPE Major applicable area Explanation

Note: Only to enhance low-frequency structures specifically
HF-STANDARDI1 Abdomen, . . . .
HF-STANDARD2 pelvis, etc. Effective in enhancing organs and the spine. Provides contrast to the

HF-STANDARD3 | Spine and hips entire Image.
Effective in enhancing the edges of large structures such as the spine

HF-STANDARDA Femur, Effective in enhancing the chest (blood vessels) and large bone tissue

lower leg bones, etc. (trabeculae).
HF-STANDARDS Chest (blood vessels)

HF-STANDARDG Ise:ll;l and appendicular Eife(;{lve 1(111 g:thglr;cdmi irinallerfStl;EZ;urfri szlcrt; as trabeculae and blood
HF-STANDARD7 ones vessels an ailed sections of other structures.
Phalanges (trabeculae)

Strong
HF-Standard 1
HF-ST1 Large structures
—— HF-ST2
Level of HF-ST3
enhancement — HF-ST4
—— HF-ST5
— HF-ST6 Small structures
—— HF-ST7 HF-Standard 7
Weak

Low frequencies ﬁ High frequencies

Figure3-20 HF Parameters

Type 1 Type 4 Type 6
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HF Parameter (Enhancement Coefficient):

The emphasis coefficient 3 is the parameter that determines the degree of frequency emphasis, so the larger the
emphasis coefficient the greater the degree of emphasis. However, if the emphasis coefficient is made large, the
sharpness of the image is increased, but X-ray noise etc. is also emphasized and this may lead to observable
speckling. For this reason, instead of keeping the emphasis coefficient p fixed, it is made to vary with density as
shown in Figure3-21, that small values are for low densities where speckling tends to be noticeable, and larger values
for higher densities where speckling is less noticeable.

Furthermore, if the emphasis coefficient is made too large, this may make an unnatural image that looks different
from the one on the traditional screen/film.

Emphasis
coefficient

v

Density

Figure3-21 Emphasis coefficient  and density

Type 2 Common A B C D
Low-density Side 0 0
High-density Side 0 0.8 1.4 2.0

45



Chapter 3 Image Processing

113

Type 2 Common D E F G
Low-density Side 0 0.4 1.2 2.0
High-density Side 2.0 20 2.0 20

H processing adjustments

Contrast can be added to the image due to the strong intensification including low frequency.
Therefore, lower LUT than usual can be used, and it can stabilize the degradation.

» All the parts of human body can be diagnosed by controlling the degradation granularity.
» Multiple uses of HE Processing can be avoided making more natural processing possible.
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3.4.3

HE Processing

Algorithm for HE Processing

Multiple images with reduced sharpness will be created from the original image. Next, they will be converted to
intensity-dependent low sharpness images depending on the intensity.

Then, each frequency component will be extracted by taking the difference of neighboring frequency bands. (It is the
same as HF Processing.) Extracted subtracted images are added, and it is subtracted from the original image in order
to obtain low frequency components.

Then, compensation for intensity is performed, and the image is added to the original image. This is the image
obtained by HE Processing.

Smoothed image Binomial Filter processing

\ Smoothed image HE Processed image
. n
64_ Smoothed image

Density-dependent low \

. sharpness image 6<—

Compensated component

Density-dependent

low sharpness
cocss image
A

Density-dependent low
frequency image

Subtracted image

Resolution to the multiple resolution space
High frequency — — Low frequency

Figure3-22 HE Processing algorithm
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HE Processing

HE Parameters (Intensified Band):
There are two kinds of HE parameters from HE-STANDARD 1 to HE-STANDARD 2

Table3-2 HE TYPE and applicable parts

HE TYPE Major applicable area Explanation

Parts excluding Chest PA/ | A type that emphasizes the edge of low intensity parts. Effective in cases

HE-STANDARDI AP and LAT chest that focus on the description of fine structures like bone beams.

A type that emphasizes granularity in low intensity parts. Suppresses the

HE-STANDARD2 Chest PA/AP, LAT chest deterioration of granularity under the diaphragm, etc.

HE Parameter (Correction Coefficient):

The correction coefficient B is the parameter that determines the degree of correction, and is usually set between 0
and 1. When the correction coefficient is made larger, the average density of the secondary area of interest becomes
more even, producing an image with a flatter appearance.

The reference % value is the parameter which determines the signal value A, which forms the boundary between the
signal range to which correction is added, and the signal range to which no correction is made. For example, in the
case of chest PA/AP, if we refer to the two reference signal values found during automatic gradation processing
described earlier as reference signal L and reference signal H, then A is given by,

A = [reference signal L] + ([reference signal H] - [reference signal L]) x [reference % value] / 100

Furthermore, when only one reference signal that is used for automatic gradation processing exists as in the case of
LAT lumbar vertebra, if we refer to the reference signal value (the signal value for the lumbar vertebra) as L, and the
maximum signal value for the body as H, then A is found using the same calculation.

Type 1 Common A B C
Low-density Side 0 0
High-density Side 0 0.5 1.0
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Type 1 Common D E
Low-density Side 0.5 1.0
High-density Side 0 0
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