BASIC PRINCIPLES
IGITAL RADIOGRAPHY
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beam? X-Mol AAE FHsoq 7A¥d X-ME
image intensifier® A detection 3 +4, image
intensifier 2 #H A A58 A=t & F/HA Y
o] ot} o}ldZ1 TV camera (vidicon =¥ plumbi-
S A/D converterg 0] £3}o]
tXEd A7)s B3 CCD (charge coupled device)
g A4ste UAE TV camerad o] &8+ ‘“‘Oi

Aoole el w7l wek d71Fe] Wate e o

con tube) 9 video signal®

o] #4& A tAE o|nAE CRT monitor® H

AU (soft display) video imager} laser imagerg ©l
£3t¢} hardcopyE 920 optical disk £ doJg B
NAAA o BAFHY
1024 & 2084 matrix2A 10 bit £ 12 bity ©
AY gogts 484 9o FE FAZYo|Y

ZYAN F2 o] g9

4, scanned projection radiography

pencil beam T single-line oJY multi-line fan
beam AH43tH computed tomography system©] U
E90} pencil beam& scatter radiation®] &2} tube

o Fei7t 2BE AY AHHA g1 itk
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1. YL (image acquisition)

IAHIE BAE detection systemCE TIEHH,
detection systemS shaped] W} spot-shaped detector$}
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Spot-heam scanner
Ju pencil beam scannergtX % 8HH point radia-
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type shape  dynamic range QDE(%) spatial scatter acquisition
resolution(lp/mm)  ratio(%) time(sec)
storage area 2" 30 - 50 25 - 50 50 (002
phosphor (5000-10000)
I-1 area 2" 30 - 50 25 -50 50 002
diode array slot 2" 30 - 30 25-10 3-30 1-5
crystal spot 2" 1-2 1-2 5-16
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1) Pre-processing procedure
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@ image filtering
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L o 3 A Ag 7 £ 011:}
filtering algorithm& pixele] 2&3s Z7Hd 49
filtering (spatial filtering) @ F34 4499 filtering
(frequency filtering) 2.2 THHAT} frequency filtering
= IFSF AE (dF Y, bone) AFHA7L A
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AANI L AFdrel e &
FEEAT 9% FA A do] ko2 Folx &
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3 S57h BE Hojnh

A9 49
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TE ZhE edgeR Y filteringd FE ALHEH, 2
pixel 755 49 pixeld vlE do AdHH e
pixelE9 #¢] HEHFLE ANTIEH, g 1Y
3 7o) 3X3 pixelZ FAE kemeld o E Eo] AW
g},

AR 719 pixels HIY
pixeld 252 UrE A0F AYstd gAAAE &
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Q) A7+ 7EA

FAP (temporal subtraction)
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3) Ad SAAYY A

OAg ofnx9 AAy g
QoA 2e &2
b oA EAS HAg A7

9 AAE ZT UoH raw datad ¥HEL TYE
o= AgAse SHY FrAte] B8F &
2758t
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32
L
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g
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3. Y3&H (image display)

e due gAY AE 59 E7MA
2 (invisible signal)Z 7FA3F d& Zo|W, video
imagertt laser imagerS ©] 48t silver halide film<.
2 298 Y+ hard copy system#} cathode ray tube
monitord] ©|P| A& displaydl soft displayQ® T
gt

1) hardcopy

(D video imaging hard copy(video imager)

£ GAE U] SeAE
9} imaging camera® =4 Ao W,
CRT monitor %501\ AHEEE fime] A5ol 2

—Ho a4 =

PHOTOCEY

Structure of video imager

close loop brightness feedback circuit © 4Ae k%
FEE ASHLE fAsE ALY2EA photocelld]
CRTZ 8 42& & 348 AY levelz H$
A7)9, microprocessor7} 0] A leveld photo celld]
YA levelo] 71FAY leveldt YA LS monitor
9 L E ZAHH L CRTA ©u|A7} display H2
lens arrayE £8) E o exposureA 71T

© video camera?] CRTH A

TAAE InS ¢ AgY P- 4F3A FE AR H9
o 2349 P- 458 3A 7} orthochro-matic film#}
Zrol AMLE T 9tk FE raster scanAOFE CRTH|

34 display A 7T,

(o3

IER x4 74 334 i 3
P-4 Zns © Ag, (Zn,cd‘)s . Ag &3 White 450 nm, 560 nm
P-45 - (YGd)OS : Th G4 White 400-700 nm




19y g5 AHAE P-104
g0 HIE 9o

AL AL A

© CRTY &% dnftoﬂ e HAst
CRTE AYEY 3 28 MM it Wi
HEd o CRTY A9 2 AdA 9 Agol A7

A A 2R dEoE daHof Ak
32 A7IA o] ol

oA CRTY <& difte} atw, ofLAE AZho]
et Aol Hr HAHI Ao g AL
EZY densityZA7} AEE AT AYEQY & 30
T 733 ¥ exposureZ A8 oF Ff,

@ CRT°] L,\}x]o] um

© interface to imaging modality

* video imagerv =¥ video signald Z&

modality %} interface® o},

* 2ol 1024 %1024 X 10 bitY video imager7t A}
FHL 0, laser imager®] FAAHTS H%

TEE ZHE 4000X5000X 10 bit9) ‘flying spot’

video imager/} 7| Eof AFEE Y QlT}

@ Laser imager

ek

%

video imager B.Uh higher light intensity$} laser
beam®| narrow spectral band width® <18} A7
A o] AL, IRk, YejgEe ouAE
A3t

laser imager= digital data® A% scanningdhe
B S ol g AJTIYE reconventdtd mirror
scanningste WAHOE FRHET gudoz of

255 laser beamd] FHI7)E 85 -120umo) o}
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Y/) /ﬂcuym BEAM svunsn

¢ .
T

,”,wa/;/ (’ FIXED BEAM SPLITTER
“
i LYUINDER LENS <

40‘ N COLLIMATOR LENS
PHOTO DETECTIR =
cowweus "R
FEROBA e
Jathton LASER DIG0€ 2 209 3y
LR - ] 0N st 0y Ty

oRUM

O +%
* He-Ne laser © 633 nm9 23348 7420 HA
o sensitives}t},
solid state diode laser : 780-820 nm¢ W&
S 7Y A9A (infrared) o sensitived}t.
© laser film % safe light
gapeidtol A7t &A% panchromatic fimg Ab
3 oF 8™ laser film sensitivity7} laser beam®| 3}
| Be RS AEstelop abu, i

x A
7FA W, green filter

ot
ol

2,

il 29| single emul-
sion laser film % 309 DmaxE
9 safe lights AHEs|oF &
© interface to imaging modality digital 2 video
interface”}t 753ttt
© artifacts
* hending or confouring : slight errors in scan line
positioning
* moire pattern © scan line 7HA 3 E7hEg4 A
ol ZHy A

* raster-line pattern

2) soft display

HyA 70 A7+E 922 S5 hardeopydl HlEl soft
displaye £57 W2 AR S o) La=r A d 43

o electronic display £ CRT displaygl 2 gt
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@ CRTY +x 2 43
glass envelope
electron gun
external coils fig
confrol grid

anode assembly

Y,
Denecl ion Lé
= ight
Focusing j

CD!'\

Elecron
Ut Conwal
yrid

Aluminurm
reflector

*4g

AREd g8 g ke AR control
grido] 98] 2HE T external coild] 93 %E—?aﬂ
2389 I focusing Hof FFAY AR A
SALo] oa) WO o] sof 9fate] EAHT

@ CRTo| A4S displ ay*lﬂ J

* yector }HW I computer graphlc 9 _‘Efﬁ% A
08 FAI 1 A9 ¢Ad we d3EE &

Yol walojh
@ CRTY phosphor
linear crystalZ T4 5o 900 24 3
2+ 2017 98] glass enveloped] FH0E HEHf
grt Eg AN RHE A7 YE s AT

phosphors-

Qo ge IRHFZO2 AHES FolFT

WA R 5 - 10 micro particle?] depositE L '6]—-‘{:»[1]
ol= o|2R02 40 lp/mmy WE =L ¥ ANEE

el AT AR 2 4 ¢ e el
digital radiography® CRTYl AHEHE FAMSG

AT 1049 BE T o]4bo] B st}

rir

4. P4 (image archive)

( hard magretic disk

Zdee g3y 99 A1EEE 98 AL
24 access timeo| 30 msec ©JFEA WEH, 2F 25

A9 ME golgt d44&EE JpAT storage
capacity® o S00MBYIAM 1GB AEEAN ©@77F A4

o] Assh backup system#t H&3td 277 AL
e, B oo dojg BAL 98 B9 diskE
AolE = winchester disks drive systemE 9T}

@ Magnetic tape )

AR AN} HEFHo] BOW access timeol AT
taped &2 iron oxide’t TEHO 320 baseE
Az Zgo A a7} AHEH taped baset &9 9
2L wAey] 94 9 229 A4 FA7 223
o tape$} recoding head Atol¢] 7|AHQ HZd &
taped] IR E ol3) dlojete] AFEs} AgE 4 9

@ Optical disk

IR Te(dF2) g€ 2Wel 27 1 micron

solid laser burn holes®] AT,

FRE ] 108 ARE AL WARA
storage capacitys % 650 MB - 2.6 GBo|H
access time % 300 msecol® EoJg} A44%

L 300 KB/sec2A =& Holuk data corruption
°ﬂ get who7 B4 100719 diskE arrange

& 4 9% optical juke box7b %2m WORM



typest WMRM typeo] 9lth,

@ DAT (digital audio tape)
8 mm ¥< 4 mm 379 A
£99 data corruption®] 9¥2

>3
AL storage capacity® #E A€ A%

802 aecess time?]
B "oy 13 6B
oj & o] o},

% data compression

datag compressiondte 7H¢ 7hetd L picture
elements A WEWEA 1 £E
HH S imaged] qualityE ASAITIDE AHEHA F3,
AHate algorithm@ oA v B7HA W2 huffman
coding#} predicative coding®] AHS-# .

* FEAQdE (reversible compression) @ BE 2:1 2
3:19 Blgi dolete] &4 flo] 458 4 9o
H,oof 71 AA A% £A4 FolE v

S2A pixelE9 #& FEa7] Y& encording

algorithm®] ¥ 239 huffman encodingd F&

o] &gt}

* S0k (irreversible compression) @ T 10:14]
N IRES GEUE ALT 90y A n)
AT A4z 299 1355 TR &4
o 9% ¢ 9

4, IMAGE INTENSIFIER BASED DR

1. digital fluoroscopic system

digital R&F system< digital imaging computer ¢
|

D X-ray generator$} tube

@ 1- 1% TV camera® s

@ image processor® TH 4 9t}

A8 diagrame the 3} 7o) Yehds 9o

video chain
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Monitat

X3y lemage Iris A%
tuse ;r»s o colimater camers

Lﬁ

1) X-A @822 (X-ray generator)
A& X-A 247} Thestoor dd 2AE BAFY
Qo] wgly} glojob gt

¥ general specification :

)
14

2,

£

computer controlled 100
KW generator, 1000 mA at 100 kV or 800 mA
at 125 kV

* type : high frequency convertor type

*

minimum pulse time (swiching time) : 0.1

msecwith thyristor timer

2) X-ray tube

* A &92o] WO off - focal radiation] A
ofof 3t mAzY X-d#o] L2t

* focal spot size
Sob A E

* small 0.3 mm. large 1.1 mm %

1 - 2 MHU
© 500 - 1000 W

W= water - cooling

* anode heat capacity :
* continuous heat disspation

* cooling method : ol

3) Image Intensifier
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| e

LR ks

% 0 QAE X-4 3RS B4 u)d s
9% TV cameraZ Ht

*oldgAy o A4 : titanium

Foggdne 3y 2R systemo] =
ZnCdS : AgZ7h A HALY FAE F2 Cd
crystale] AHEH T}

*ZEYAHY Y3 ZnCds © A

contrast ratio 10% values= 35 : 13 Eo|t},
(at 0mm:20 @ 1)

* QDE @ 50 - 65 %

* 3&= (photocathode) : A2 d3

E

antimony % cesmm"] 4870y, ¢jE3

* digital radiography system A& 14 - 16 inchd
2 - 2992 =g o 2 field of view?]

A A L

1mage7} H“‘OVWP o]

memory 9] matrix sizeZ
STHAIAY, CRTY FAHFE S7HA 1865
o 3 )

dA9 71€4% 22 2 K imaging systems 98}
216 inch [ - [Z Abgate A2 E 5-651p /
mm 759 T4EY g4 435 At
*HY T (veiling glare)
AR ZEYFAN B 2o S
3 AN T,
o Aol zofA W e X-M9 dH} fAle
¥ contrast® A8}A 7= Q9lolt},
e X-A #Fadse A glo #8849

deconvolution algorithm3} aft - slit collimationd]

&) LAl 7h5 stk

4) optical lens system

*1-12 #H TV camerad] E9dhs W %4&
Z2Ade AOR optical lens®} electronic shutter
2 EUHLE o] gsty gt

200 mm,f /15

50 mm.f / 0.65

optical iris * high speed auto iris

primary lens :

secondary lens :

5) TV camera
% 7]

<]

A7l

m]o

C1- 19 2¥ydHos HEg Y
A HUOATIYE WA
* camera technology: IA FI/HAE FEH =Y



pick-up tube$} charge coupled device sensors®]t},
TV scan line : Y329 A A=A 5259 1049
line (60 HZ) A#o] 7}%3}‘1“1, A2 AL"
HE 2100 line x‘HEﬂf&E}.

dynamic range : 1000 :

* bandwidth © 5 - 25 MHZ( 3/ +1 dB)
high handwidth2 A et} +RH4ES 573
40 4202 B4 A245E 98 wol2))
/b

® CCDs (charge coupled device )

*de o duY regular arraydl® o9

photodiodes?t 9T vertical CCDs7} vertical lens
9 pholodiodertole] AstS ALA W CCDEH
o 7AgtE olmlAlE Wl kel Hl#she Aste
0% w7t photodioded] HFHI thE]
vertical CCDo| Ag#th
photodiodes®] A #e A3 one scan lined)
A5 = signal Aol horizontal CCDY| A
¥ 3 singal detector sectiond] AEH T}
o] Aol BE scan linesd] 47 Fxd
nAld S FEE v AT WEe £
* CCDe 54
blurring, fewer artifacts, improved SNR, higher

g o]
ki
. improved spatial resolution, less
noise than equivalent resolution pick-up tube,

long life time
@ Pick-up tube (24}

°la] A (photo conductive membrane) 9 2
T RS scan® 7 v FALE AAZAA AR

of BEHY, scan¥d FAT F58 M (electric

charges) 7k A4 E 2, &0 ZEEH optical images7} 7}
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L e e AR

Vet CCB -+ bk

5

b
| J
Zeecer {
ERGIDe I
P B 1
Harizonigl {15
Face platz -, Prigticonductin flectnn

TR 13;:‘ m[mb:m g 7Y

>
Puataed . %l
1' . .3'
o e
o i e G
S 5
L ¥ h ¥ o
Externgl detation Pk b
arpldier

Agh i w2 09 ke vl FARe 4714

NI1de AN
O G902 scandtd oA SHH HH, 349
A on A9 WIS ATEE wE7] Y8 A4H
Adt4E external detection amplifiers] ] 22 o] 2
ZHT
*FF 0 DR systemd] Bol ARREE TVEAH
(pick-up tube)2 AR Z< lead monoxide® A
T EA4S ALEE plumbicon tubeol® ofy &
A9 orthicono| W vidicon camera Bt} AAFEA
o] zj%og IHZL 7“\31}7} XJE]’.
8 diode gun saticon tubeZ HHE AAHE

QL.
* SNR of 1 - 2 sized plumbicon @ 800 : 1 (51
dB) & 1000 @ 1 new systemo]l M+ 1400 1
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(63 dB)-6000 : 1 (76 dB)& A€ pick-up tubet single short pulsed AMESIEE
@ Pick-up tube$} CCDY X single imageE A 23+ single-film radiographic
@ modulating factor (HZA%) 5 systemo] A&}t
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image &N 0] BAeA GODF TVEYH
FH I image qualty A5H7F QoA g

® 7ﬂ% (vibration) ¥ AEAAd gt image
quality®] 943 pick-up tube? net electrode 9]
T g 9zsig,
cine camerad Aol g3 BAE & e
constant freqﬁencyﬂ external vibration pick-
up tubed] net electroded] G3&S wAd A
striped artifacts® WA A2 & 9
3 high gaing ZRE & angiographyd A=
B AdAH E3 pick-up tube 743 954}
T GHLE image qualityd] FFE et o
WHAHOZ CCDY gain I2E 0BT pick-up
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@ TV scanning mode

O interlaced scan mode (B 2FA}
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© progressive scan mode {FAFA

non-interlaced scan modeEA HSHE LA

BASIC PRINCIPLES IN DIGITAL RADIOGRAPHY

7,}0] QO}DE frame rate7} LI ESNY-]
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© slow scan mode (H&FAN
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6) image processor (digital imaging system)
B AD conversion
10 bit == 12 bit / pixel
20 - 30 MHZ ( 30 mega samples per second)
mdigital processing © 5 X 5 kernel ¥ 9 X 9§
kernel
- fiber optic local area network to PACS @ 100
Mhps
» image acquisition matrix & maximum frame
speed
- 512 x 512 pixels © 30 frames / sec
<1024 x 1024 pixels 75 frames / sec
- 2048 X 2048 pixels © 4 frames / sec
* Image display matrix (= image formats)
512 X 512 pixels
512 X 1024 pixels
1024 X 1280 pixels
1280 X 1024 pixels

2, digital image
O dA2IN qualitys 2¢3te 84

* detector =39 dynamic range
*T 2939 bit depth
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*OAE W8 DAY gain setting Cog%Ee] Ztase, & A Hoe AL FAA A

* post-processing®} 54 R vl Be g,

* FAEHY (quantum mottle)d] 98 o] 2

STV 289 A4 ko2 O X-A%Y ARy B
A 9AAE X422 837 AEE o
@ o2 98 FoE FHse Aol ofEHAY, 4A
digital fluoroscopy] 4 EAHE random noised % digital fluoroscopy image®] X-Azko| tjeh 39 #
AL X-AdAY #A Und E44 dEd 9 A< linear brightness scale©] o} lorarithmic
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